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ABSTRACT

Retention of probiotic functionality throughout thetire shelf life of probiotic yoghurt
can be a challenge for manufacturers. The revieag aimed to interpret the factors
that have an influence on the growth of probioticrneorganisms in fermented dairy
foods, especially in yoghurts. Compatibility betwestrains is important both for the
manufacture and storage of the product. Inoculatigith commercial and probiotic
cultures results in complex interaction among stsaithat is advisable to consider
during strain selection and setting of fermentatocmmditions. Processing steps like cold
ripening and storage of yoghurt can represent aedlirfor the viability of probiotic
bacteria as an adverse environment is present.most important factors that can be a
matter of concern are the presence of oxygen, lbWwapd cold stress. Strategies to
eliminate the drawback of these conditions basedtmmical and enzymatic methods
and technological developments with respect to @gicly. Growth is strongly
influenced by ingredients involved into the foodrimalncorporation of prebiotics can
improve the viability of probiotics during manufaghg and storage of yoghurt and can
contribute to the achievement and maintenance fefcttfe cell numbers to confer
beneficial effects for the host. The prerequisit¢he effective use of prebiotics is their
chemical stability under the applied manufacturaanditions.

(Keywords: probiotic viability, bifidobacteria, gomtics, inulin, yoghurt storage)

INTRODUCTION

The most widely accepted definition of probiotics that “probiotics are live
microorganisms, administrated in certain quantitiest confer health benefits to the
host” FAO/WHO, 2001). Their positive effect on gut microbiota agat-associated
lymphoid system (GALT) can be utilized if they irsed in adequate amoun@rénato

et al.,2010;Divya et al.,2012;Saad et al.2013). Probiotics can be incorporated in both
foods and dietary supplements. While activity ohists is stopped due to low water
activity values in tablets or capsules which cantheeze dried cell powders, their
microbiological life cycle continues in food mats and the number of viable cells is
changing during production and storage of food® fitention of viability of the strains
is maybe the greatest challenge in the productigmabiotic foods Divya et al.,2012).
Fermented milk products are excellent carrier fodals probiotic microorganisms,
moreover yoghurt is considered to be the most popmong themivya et al.,2012;
Pandey & Mishra,2015). International Dairy Federation (IDF) definthat a product
could be declared as probiotic if the number obléaprobiotic cells is more than 10
CFU/g in the time of consumption, that is, up te thate of minimum durabilityXivya
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et al.,2012). In order to achieve the adequate cell nurfdrehealth effects the applied
strains should be compatible with each other. Tamaplish this, one should be aware of
the interaction between the members of conventipnased yoghurt starter and
probiotic starters and accomplish fermentationuohsa way that utilize the advantages
of possible synergisms and avoid the disadvantagesftects of antagonisms on
probiotic cell counts. In addition the sensitivitstrains can also differ regarding ranges
of environmental conditions like temperature, regoxential or pH. Storage conditions
of yoghurt could especially exert negative effemtsprobiotics in this respedG(anato
et al., 2010). Quality control results of commercialisequcts showed an adequate
enumeration at the time of purchase but countspopnder the required level before
the expiry date as probiotic lactobacilli and bilidhcteria showed a decline in their
viability during storageRaseephol & Sherkaf009;Jayamanne & Adam&006).

Prebiotics can enhance the viability of probiotbzsth in the gastrointestinal tract
(Charalampopoulos & Rastal012;Divya et al.,2012;Al-Sheraji et al. 2013;Saad et
al., 2013) and in foodsLpurens-Hattingh & Viljoen2001). Individual oligosaccharides
have different capabilities to improve of viabilib§ probiotic strains during the shelf life
of yoghurt. Prebiotics are being present during thmeration units of yoghurt
manufacture therefore their chemical stability basbe evaluated under the applied
conditions. In the case of partial or total decosifion during processing they can loss
their ability to selectively support the viabilibf probiotic bacteria.

The review is aimed to summarize the factors thkat promote or hamper the
development and retention of effective viable potibicell counts during the processing
and storage of probiotic and symbiotic yoghurts.

Interactions between strains during manufacture oforobiotic yoghurt

Yoghurt is resulted from the fermentation of militwStreptococcus thermophiland
Lactobacillus delbrueckiissp. bulgaricus These species cannot be considered as
probiotics Espirito Santo et al2011). The most often used probiotic genera irhyoig

are Lactobacillus and Bifidobacterium(Holzaphel et al., 1998; Charalampopoulos &
Rastall,2012;Saad et al.2013;Al-Sheraji et al.,2013). Compatibility among strains is
important in the manufacture and storage of thelypet and also following consumption
as it may exert an effect on the degree of adheremthe intestinal mucos&d¢llado et

al., 2007).

High populations ofL. delbrueckii ssp. bulgaricus can reduce drastically the
enumeration of probiotit. acidophiluswith the production of hydrogen peroxide that
can cause a so called “acidophilus deatfdl( et al., 1984). This antagonism seems to
be mutual because the bacteriocinLofacidophilusAcidophilicin LA-1 proved to be
active against more strains bf delbrueckii ssp. bulgaricus (Dave & Shah,1997).
Moreover, uncontrollable growth of strains laf delbrueckiissp.bulgaricuscan cause
an over-acidification of yoghurtKpeifel et al., 1993) that can be intolerable to
bifidobacteria being highly sensitive to acidic ddgions (ourens-Hattingh & Viljoen,
2001;Sanz2007).

In summary,L. delbrueckiissp.bulgaricuscould exert antagonistic effects towards
both bifidobacteria antl. acidophilusthat can be involved in the production of prolioti
yoghurts. The other participant of the conventipnabed yoghurt culture may have an
opposite role. Bifidobacteria are strictly anaecobvhereasstr. thermophilusacts as an
oxygen scavenger therefore it improves the viaboit Bifidobacteriumspp. (shibashi
& Shimanura,1993). This observation was supported by thetfadB. lactis inoculated
in milk as binary culture (co-culture) withtr. thermophilusad higher counts than the
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pure culture oB. lactisin the same substrate both after processing aedveek storage
(Oliveira et al.,2011).

Strains of probiotic cultures could support eadteotn growth owing to synergistic
effects. Some part of bifidobacteria lacks of pobtic activity e.g.Bb. bifidum.They
could be provided with the necessary growth fadtoro-fermentations with lactobacilli
with proteolytic activity likeL. acidophilus(Hansen, 1985; Klaver et al1,993) orL.
delbrueckiissp.bulgaricusandStr. thermophilugDave & Shah1998).

Strains of traditional starters and that of praibiatultures could have synergistic
effect per se but it might be disadvantageousei$é¢hbacterial cell cultures are fermented
together owing to the antagonistic effectd ofdelbrueckiissp.bulgaricus.Addition of
prebiotic cultures following acidification with theommercial yoghurt culture is not an
adequate solution because fermentation is notigestrto the time until the pH reaches
the isoelectric point of casein as the post-ripgnaontinues during cold storage.
Gillland and Speck(1977) added probiotic cultures following commonghurt
fermentation and they observed a rapid cell coaatine ofL. acidophilusduring cold
storage. Nevertheless, when traditional culturelaratidophiluswere cultured together
from the initial point of fermentation,. acidophiluspresumably developed an ability to
split hydrogen peroxide produced hy delbrueckiissp.bulgaricus (Hull et al., 1984;
Lourens-Hattingh & Viljoen2001) that may contribute to its better survivatidg cold
storage. In the case of bifidobacteria the preseateoxygen eliminating Str.
thermophilusmay be beneficial. Counts &. lactis were higher in a mixed culture in
which bothStr. thermophilusandL. delbrueckiissp.bulgaricuswere includedelated to
enumeration of its pure cultur®Ijveira et al.,2011) therefore simultaneous inoculation
of Bifidobacteriumspp. could be suggested during production of ptabyoghurt.

Effect of environmental conditions on viability of probiotics during manufacture
and storage of yoghurt

In the case of mixed fermentations differencedandptimal inoculation temperatures of
strains have to be considered. Conventionally ysmghurt starters have an optimum
temperature for lactic acid production of approxieha 43 °C whereas the optimum
growth temperature of bifidobacteria is 37 °C. ohder to improve the growth rate of
probiotic strains fermentation temperatures betw&eAC and 40 °C were suggested to
be effective Kneifel et al., 1993).

However, several conditions are hard to optimizeltie better survival of probiotics.
The most important factors that can be a matteoatern are presence of oxygen, low
pH and cold stressS@nz,2007;Granato et al.,2010). Processing steps of yoghurt can
represent a threat for the viability of probiotiacteria as an adverse environment is
present at the end of fermentation during coldniipg and storage. Manufacturers apply
several strategies to eliminate these disadvantegeonditions e.g. use packaging
containers of low oxygen permeability, select macé-tolerant strains or trigger their
adaptation, or microencapsulate probiotisar(z,2007).

Probiotic bacteria prefer an anaerobic environm&he surface of their matrix is
connected to air when yoghurt is processed i.eiirgdi is a unique operation when
oxygen can be incorporated into the yoghurt. Thatpe effect ofStr. thermophiluon
the viability of bifidobacteria via elimination afxygen has been described in the
previous section. An enzymatic method was develofeeliminate the remaining
oxygen after packaging with glucose oxidaSeug, 2010). A chemical alternative was
to keep the matrix in reduced state with ascorlijBve & Shah,1998;Zhao & Li
2008). Bifidobacterium strains can be protectednfroxygen via microencapsulation
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(Talwalkar & Kailasapathy2003). Yoghurts are usually stored for more wesdfore
consumption therefore the oxygen permeability aflkgaging material can be important
with respect to the viability of anaerobic bifidaiberia. Development and application of
appropriate packaging materials and systems aressary to maintain the required
levels of probiotics throughout the shelf life imder to guarantee the therapeutic
potential of produc(Talwalkar & Kailasapathy2004;Cruz et al.,2007).

Strategies to eliminate the drawback of low pH aobptic count can be the
selection of acid tolerant strains, promoting streslaptation, prevention of over-
acidification with chemical neutralization of med@ depress the fermentation of
strongly acidifying strains. The acid toleranceBifidobacteriumspp. is low in general
but the toleration limit is strain-dependent. Stsaderived from animal sources usually
survive better the acidic conditions than thosévedrfrom human gastrointestinal tract.
The reported pH values which caused growth inlabitivere different among strains
with the agreement that pH values lover than 4dbtte the decline in case of most
bifidobacteria fartin & Chou, 1992; Lankaputhra & Shah1995;Reilly & Gilliland,
1999; Lourens-Hattingh &Viljoen2001;Sanz,2007). Among bifidobacteriB. animalis
was reported to have the best ability to survivéanracidic conditionsSanz,2007).

Most lactobacilli are neutrophilic and their grogioptimum is between pH 5 and 9
with the exception of fewactobacillusandLeuconostospecies Granato et al.2010).
Nevertheless, lactic acid bacteria and bifidobactesve some capabilities to express
their acid tolerance that can be induced via fatiregacid stress for a short time period.
The stress adaptation is achieved with the shqrb®xe to sub-lethal factors resulting
tolerance to subsequent lethal conditi(®anz2007,Granato et al.2010).

Acidification can be hampered with the additionatialine hydrolysing salts to the
media, e. g. sodium citrate or calcium carbonatedotralize lactic acidZhao & Li,
2008). The growth of.. delbrueckiissp.bulgaricuscan be suppressed and the over-
acidification can be avoided if the storage tempeeais less than-3l °C (Kneifel et al.,
1993). Nevertheless, the ratio of bifidobacterial dn acidophilus can change as
Bifidobacterium spp. are less tolerant to lower temperatures owmgold stress
resulting change in membrane fluidity, DNA/RNA ftionis and enzymatic activity
(Hughes & Hoover1995;Corcoran et al.2007).

The growth of probiotic bacteria with limited protgtic activity like some
bifidobacteria can be supported with available sesirof nitrogen. Dairy matrix can be
supplemented with whey derivatives, hydrolyzed @irat or free amino acids and
viability of probiotic strains can be enhanced.dfal these authors also described an
improvement in structural properties like firmnes®l syneresisAhtunes et al.2005;
Zhao & Zhang2006). However, the economics of this step shoalddnsidered and the
guantity of addition should be optimize@ranato et al.2010).

Application of prebiotics in yoghurt with special respect to the viability of
probiotics throughout the self-life of product

The terms of “dietary fibre” and “prebiotic” arenslar in that respect that both of them
describes carbohydrates that resist to mammaliapnees and gastric juice but can be
partially fermented by gut bacteria. Perhaps thanrddference between these groups is
that prebiotics have been proved to selectivelypstpthe fermentation in the large
intestine towards the beneficial microorganisms tioé host. The combination of
probiotics and prebiotics in foods results synismtin symbiotic products the delivery
and implantation of living organisms into the migimta of gastrointestinal tract is
improved with their selective substrat&®vya et al.,2012;Al-Sheraji et al.2013).
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The most often used types of prebiotics are gaddigmsaccharides (GOS),
fructooligosaccharides (FOS), inulin and its hyihatles Al-Sheraji et al.,2013),
whereas isomalto-oligosaccharides (IMO), xilo-oigocharides (XOS), soybean
oligosaccharides (SOS) and resistant starch aregameprebiotics Divya et al.,2012;
Charalampopoulos & Rastall2012; Saad et al.,2013). The group of prebiotics is
continuously increasing. Nowadays prebiotics actuided in food products primarily to
promote a balanced gut microbiota. Initially theapplication started as these
carbohydrates can improve the techno-functionalp@ries of foods like viscosity,
emulsification capacity, gel formation and cold@rebiotics can be used instead of those
food technological additives that do not have araathgeous effect on healthitheri &
Kokini, 2003;Al-Sheraji et al.,2013;Saad et al.2013). Inulin and FOS can be used to
restore the textural and organoleptic propertiesoef fat yoghurts Ramchandran &
Shah, 2010). These prebiotics were reported to reduceersgis and improve
organoleptic properties with the development of thteel especially in low-fat dairy
products Franck, 2002;Aryana et al..2007;Kip et al.,2006). Prebiotics can contribute
to the dietary fibre intake of human but in a ngiglie extent compared with those
derived from the consumption of other sourcesfiilkés and vegetables.

Prebiotics improve selectively the viability of ahtageous indigenous bacteria,
moreover, can also exert a synergic effect on ptals in food products during
manufacture and storagéofirens-Hattingh & Viljoen,2001). A substantial issue is
whether the probiotic cell count is high enoughtlie time of ingestion to provide
beneficial effects for the consumer. In this respecebiotics can promote the
development and maintenance of an adequate viglllenember of probiotic bacteria
during the whole shelf-life of the product.

Inulin term covers a variety length of oligosacdttes containingp-2,1-linked
fructosil moieties with terminal glucosyl residugwlins can be obtained by direct
extraction from natural sources e.g. chicory ordped by chemical or enzymatic
hydrolysis of polysaccharides or synthesis fromacibarides Charalampopoulos &
Rastall,2012; Saad et al.2013). Varying composition may cause differenaeshieir
properties to facilitate the fermentation of prdlue therefore their detailed description
is necessary in citing relevant results. The degrfepolimerization (DP) of fructose
molecules generally ranged from 2 to 60. High panfence (HP) inulin products do not
contain small molecular weight oligomers, their Béhges from 11 to 60 with an
average of 25. This abbreviation refers to thaghhpotential of acting as a fat substitute
to enhance fat-like creamy mouth-fe®operfroid, 1999) and does not refers to the
degree of selective supplementation of probiotigiss.

In general, incorporation of inulin enhanced theraarations of bifidobacteria to a
greater extent than that of probiotiactobacillusspp. during processing and storage of
fermented milk productQiveira et al.,2011;Ramchandran & Shat2010;0zer et al.,
2005; Roberfroid et al.,1998). Addition of 4% (wt/wt) “Beneo TM” inulin (P=10)
increased the cell number 8f lactis with almost one order of magnitude related to
probiotic joghurt without inulin addition at the érof the manufacture, moreover this
high level of CFU was maintained until the end nEeveek storage. In the presence of
inulin the cell count was above 8GCFU/ml throughout the first week, while
enumeration was below this value without prebiotinghe case of probiotic lactobacilli
(L. acidophilusand L. rhamnosusthe prebiotic effect of inulin was not so emphas,
although tests showed significant differences imscases the effect was approximately
one-tenth less than fd8. lactis (Oliveira et al.,2011). Similar results were obtained
when L. acidophilus, L. rhamnosuand B. lactis were fermented separately in dual
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cultures (co-cultures) witBtr. thermophilusthat is, in the presence of inulin the highest
CFU increment was detected r lactis (Oliveira et al.,2009a). However, bifidogenic
effect of inulin was more emphasized in singleistcaltures Qliveira et al.,2011) or in
dual cultures Qliveira et al.,2009a) than in mixed cultures with similar strairsed
during yoghurt fermentatiorQ(iveira et al.,2009b).

Raftiline HP is an inulin obtained from hot water extract fraiticory roots with
DP more than 23. Its bifidogenic activity was comiéd as inclusion of 1% (wt/vol) of it
in reconstructed skim milk (RSM) almost doubled itherement of CFU foB. longum
The effect of this inulin oh.. caseiandL. acidophiluswas not significant in doses from
1 to 3% Ramchandran & Shah2010), that is the effect on lactobacilli was sot
emphasized, related to bifidobacteria, similar Befieo TM” Qliveira et al.,2011).
Moreover, higher doses (2 and 3%) of Raftiline®Hfd not result in further growth
improvement in the case Bf longum(Ramchandran & Shal2010).

Paseephol & Sherka2009) detected a reverse effect i.e. variousineuhad more
capability to enhance the enumeration of lactobaalated to bifidobacteria. Three
types of inulins (medium chain DP=10 Raftil8$e95 and short chain DP=4 RaftilShe
GR derived from chicory, moreover Jerusalem artiehimulin DP=9) increased more
effectively the cell count df. caseithan that oBb. bifidum However, the base medium
of growth was carbohydrate-free MRS broth that wampletely different related to
previous experiments when the cultures were inoedl& milk or reconstituted milk
(Ozer et al.,2005; Oliveira et al.,2009a;Oliveira et al.,2009b;Oliveira et al.,2011;
Ramchandran & Shat2010).

The growth of monoculture df. acidophilusandL. caseion direct carbon deficient
MRS medium was supported effectively by SOS, FO& iaalin while arabinogalactan
based commercial products afidglucans were less effective. Similar trends were
observed foB. animalison a carbon source deficient RCM base medismet al. 2007).

Growth of somelactobacillus and Bifidobacterium strains were investigated on
MRS broth in the presence of commercial FOS antinmroducts, moreover purified
GOS. The prebiotic activity of oligosaccharides wapressed as they contribute to the
growth related to the same ratio (1% wt/vol) ofagise in the broth. Different types of
prebiotics used as carbon source exerted veryaimgiowth effects for bifidobacteria
under investigation i.e. strains &. breve, B. infantilis, B. adolescentis, B. lomgu
However, there were notable differences in growithactobacillusssp. when utilizing
the same carbon source for each type of prebiafpgdied. Moreover, results clearly
indicated that the utilization of prebiotics can b#ain-dependent as there were
significant differences betwedn acidophilusNCFM andL. acidophilus33200 in the
case of the growth effects of all FOS and inulindurcts, all of them supporting better
the growth of NCFM strainHuebner et al.2007).

Lactulose has been shown to be more effective gtiebithan inulin with respect to
the growth oBb. bifidumBB-02 andL. acidophilusLA-5 in yoghurt Ozer et al.2005).
Amylose maize starch containing resistant starchi-n{gize®) enhanced the
enumerations of.. acidophilusand L. caseiin freshly prepared yoghurt, related to
prebiotic-free product. However, this type of réaig starch proved to be a less potent
prebiotic than inulin as cell numbers following guztion were significantly higher
when inulin was applied, related to Hi-maize®. Mmrer, yoghurt samples were also
investigated during cold storage for four weekse T@FU values of products supplied
with inulin practically did not change while thelloeumbers in products produced with
addition of amylose maize starch declined contisbuduring storage and dropped to
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the level of yoghurts without prebiotics at the@®t and the fourth level of storage for
L. caseiandL. acidophilus respectively Donkor et al.,2007).

Chemical stability of prebiotics during processingof yoghurt

Prebiotics must be chemically stabile during foagnofacture. Selective stimulation of
beneficial microorganisms cannot be provided ifstheligosaccharides are chemically
altered, e.g. hydrolized to their sugar units.Ha tase of yoghurt thermal treatment of
milk mixed with prebiotics is a requisite to mebetrequirements of microbiological

safety therefore possible deterioration of thegssates can be a matter of concern.

Stability of oligosaccharides was evaluated mostly low-pH-buffered model
systems and non-dairy food matrixes. In the caséuilf juices pasteurizing prior to
packaging may generate losses. GOS proved to haest different sort of
pasteurization processes in various fruit juicethweicidic pH, while inulin and FOS
partially hydrolyzed Charalampopoulos & Rastall2012). In the case of yoghurt
production there is no coexistence of low pH arghhemperature as heat treatment is
carried out before fermentation when the pH ofrthe milk is near to neutral.

Huebner and co-workerR008) applied not only acidic but also neutratdition in
model solutions of inulin and FOS based commerngiabiotics. Buffered solutions
were heat treated at 85 °C for 30 min. Inulin pidunulin-S and Raftiline HP derived
from chicory proved to be stabile between pH valitem 5 to 7 while in the case of
FOS based Raftilose P95 authors did detect deuiiriee prebiotic activity related to
control irrespectively to the pH of the solution. this latter case partial hydrolysis of
glycoside bonds was very likely based on the resafiHPLC analysis. The decrease of
prebiotic activity was proportional to the decrease pH between pH 7 and 4,
presumably hydrolysis is promoted by acid catalyslewever, if hydrolysis is not
complete just partial, strains that can utilizegofiaccharides with lower degree of
polimerization (DP) better, gain an advantage frahis chemical alteration.
Nevertheless, in the absence of knowledge of tHeseriorations authors could drown
wrong conclusions regarding oligosaccharid util@abf strains with respect to DP.

CONCLUSIONS

The viability of probiotics in yoghurt depends oreveral microbiological and
environmental factors that are determined by prings technologies. Interaction
between strains can be quite different in a readpet in which at least two mixed
cultures moreover real food matrix is present eglato model experiments in which
some of the typical strains are missing and/or é&mation is carried out in
microbiological substrates. However, interaction twoek between individual
participants of the microbiota in yoghurt can belered with simultaneous experiments
with single strains and co-cultures.

Manufacturers are intent on optimizing the prodggrarameters in order to obtain
and maintain the required probiotic cell numbergaithe date of minimum durability,
however, in yoghurt an adverse environment is mtef@® probiotics throughout cold
storing owing to factors like low temperature artignd the viability of the cells can be
threaten. Addition of prebiotic oligosaccharides ttte food matrix can improve
significantly the viability of strains. Nowadays veeal novel prebiotics are under
investigation. Providing probiotic strains with potial candidates of prebiotics as single
carbon sources in microbiological substrates cara heseful tool as the first step to
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evaluate their utilization. In the case of positiesponse the next step could be the
accomplishment of co-fermentation with commerciatters in milk.

There are several well designed studies for theestigation of survival of
bifidobacteria and lactobacilli in milk supplemehteith inulin. The effect of inulin on
viability has been evaluated in mono- binary- antkeah cultures. There is sparse
information on the effectiveness of other probistin the case of yoghurt. The
utilization of emerging probiotics was evaluatedsthp in microbiological substrates
and not in foods.

The effect of pasteurization on the chemical sitgbdf prebiotics was studied in
model solutions and in acidic fruit based produB&sed on the scarce existing data the
food matrix has had an effect on prebiotic stabilihuthors cannot obtain available
information on the effect of heat treatments apphefore fermentation of dairy foods
on the integrity of prebiotics.
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