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Abstract

Since health benefits of lactic acid bacteria aifitldbacteria consumption have been recognizednskie
studies on specific health effects and technologpeets have been reported. Fructans are generalyeg
prebiotics and potent supplements for synbioticdijonevertheless the interaction of innovative jotéh
substances, starter cultures and involved probsitains, as well as food matrices should be etedutor each
one combination under consideration. A technologypfroduction of fructan-containing Jerusalem Artike
(Helianthus tuberosg<Concentrate (JAC) has been developed. The predomé of fructooligosaccharides (DP
3-8) as well as various macro- and micronutrientshie composition of JAC makes them different fram
number of commercial fructan sources and providexgrebiotic properties, being generally suggektethis
range of fructans. Supplementation of milk and bgtrolysate medium with JAC and subsequent feratimt
with different probiotic dairy starters resultedsnbstantial stimulation of bacterial growth (pmids B. lactis
andL. acidophilusas well ad.. bulgaricu3 and acidification rate. The strain-specific resges of two general
yogurt cultured_. bulgaricusandS. thermophilusas well as probiotic strains by addition of JAC @dohave
been considered during design of prebiotic stadesconditions of fermentations process. JAC ggested to
be perspective prebiotic fructan-containing additfor fermented synbiotic milks or oat-hydrolysdtased
products.
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Introduction

The tenet "Let food be thy medicine and medicinettyefood,” espoused by Hippocrates
nearly 2.500 years ago, is receiving renewed istern particular, there has been an
explosion of consumer interest in the health enimgnaole of specific foods or
physiologically-active food components, so-calleshdtional foods. Clearly, all foods are
functional, as they provide taste, aroma, or riu&ritvalue. Within the last two decades,
however, the term functional as it applies to fbed adopted a different connotation - that of
providing an additional physiological benefit begotihat of meeting basic nutritional needs
(Hasler, 1998).

As scientific and technological advances develaohvinfield of health and nutrition, more and
more focus has been directed toward the emergild bHf functional foods. Biologically
active components in functional foods may impauwltiebenefits or desirable physiological
effects. Functional attributes of many traditiof@ds are being discovered, while new food
products are being developed with beneficial cormeptst Consumer interest in the
relationship between diet and health has increésedlemand for information and research
about functional foods. Rapid advances in scienu@ t@chnology, increasing healthcare
costs, changes in food laws affecting label andiypecbclaims, an aging population, and rising
interest in attaining wellness through diet are agnite factors supporting worldwide interest
in functional foods. Credible scientific researchdicates there are many clinically
demonstrated and potential health benefits frond foomponents. A large body of credible
scientific research is needed to confirm the bémefi any particular food or component. For
functional foods to deliver their potential publiealth benefits, consumers must have a clear
understanding of and a strong confidence in thensific criteria that are used to document
health statements and claims. The scientific comityulcontinues to increase its
understanding of the potential for functional foeatsl their role in health (IFIC, 2006).
Products obtained by lactic acid fermentation psses therefore are of special importance
for functional foods since the synbiotic (probio&icprebiotic) properties could be obtained
by an adequate combination of lactic acid bacteAB or bifidobacteria (Schrezenmest al.,
2001), besides with prebiotic substances such ig®-oand polysaccharides of plant and
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microbial origin (Semjonovet al., 2007a;b). The use of any prebiotic substance fer th
enrichment of fermented products provides its @elivinto human gastrointestinal tract (GIT)
and, hence, a stimulation of beneficial probiotcteria regardless of their origin (native GIT
inhabitants or delivered by functional productsheToverall prophylactic and therapeutic
gualities of fermented functional foods substahtidepend on the content of viable probiotic
cells. Therefore it is necessary to achieve a hogi count for probiotic bacteria
(e.g.Bifidobacterium lactiy at the stage of lactic acid fermentation of pidoy an addition
of potent prebiotic substances (Semjonoes al., 2004; 2007a;b;2008). Fructose
polymers and oligomers (Flamrat al., 2001) as well as exopolysaccharides of LAB
(Semjonov<et al.,2008) should be considered as most appropriatéieekiior this purpose.
However, bifidogenic properties of prebiotics, leinell manifested in GIT, remain not so
evident at the stage of fermentation of synbioticdpict with probiotics containing starters,
particularly against a high background of basidoarsource, e.g. milk lactose. Besides, it is
necessary to evaluate possible growth responsesasit starter cultures (for instance,
Lactobacillus delbrueckii  ssp. bulgaricusnd Streptococcus thermophilukr yogurt
production) to the prebiotic additives during fentaion process since varied relations
between them could substantially affect overall seeyn properties and technological
requirements.

The perennial vegetable plahtelianthus tuberosugJerusalem artichoke) which can be
successfully cultivated in Latvia is a promissingnt as regards functional food constituents,
as well as tubers and fresh tops can be used dsrfotihe tuber flesh of this plant is a rich
source for 3-2.1 fructooligo- and polysaccharideg.( inulin) (Beker®t al.,2007b) acting as
sweeteners that not affect blood sugar level aftgestion, as well as dietary fibre, blood
cholesterol lowering agent, efficient prebioticsimsilators of calcium absorption in the
digestive tract etc. (Flamet al, 2001).

The aim of this study is to assess the influencéeofisalem artichoke concentrate (JAC) and
other fructans sources on the growth of common tdaest cultures of probiotic starters in
milk and oat substrates and, thereby to evaluaestlitability of JAC for development of
fermented synbiotic foods.

Materials and Methods

Probiotic strainBifidobacterium lactiBb12 Lactobacillus acidophilusa5, as well as milk
culturesLactobacillus delbrueckii ssp. bulgaricus Lb12 @ulgaricus) and Streptococcus
thermophilusST (Chr. Hansen, Denmark) were used. Two perdeowernight culture grown
in the MRS-lactose medium (Semjonows, al., 2007a) was used as an inoculum for
fermentations of individual strains, as well as flafowing compositions of mixed probiotic
starters: (A).L. bulgaricus, S. thermophilus, B. lactis, L. agtldus (B): L. bulgaricus, S.
thermophilus, B. lactis(C): S. thermophilus. B. lactis. L. acidophilushhe equal cell
concentration for each constituent strain in startenpositions (A, B, C) was monitored by
ODsso measurements of individual cell suspensions). Eatations were performed in 250 ml
flasks containing 150 ml either milk- or oat- med@ 37 °C in the semianaerobic
environment (BD BB GasPak” Anaerobic System Envelopes, USA). Viable lacticdaci
bacteria and bifidobacteria were enumerated byotipéate-count method in accordance with
IDF 177A:1988. Titrable acidity (°T) was determinlegl alkaline titration (0.1 N NaOH) of
samples, using phenolphthalein as an indicator (1$0:1998). Skim milk medium was
prepared from reconsituted (75 §tap water) skim milk powder (Valmieras piens, lia}v
The thermal and enzymatic treatments of commeroit#d oats and the preparation of oat
medium were performed in accordance with LV 123dkerset al.,1999). Each experiment
was performed at least in triplicate and data aesgnted as averages, where Standard
deviations did not exceed 10% of the mean.
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Results and Discussion

A technology for production of Jerusalem artichokencentrate has been developed
(Bekerset al.,2007a;b). Jerusalem artichoke concentrate powdsdé® a short chain inulin
and fructooligosaccharides (up to 70% from theltcéabohydrates) contains other valuable
componentsproteins, plant lipids, as well as K, Mg, Zn, Crdaseveral other macro- and
microelementgMullin et al., 1994). The employed technology includes washingubgérs,
chipping, and dehydration, roasting and grindingotziain powder with 5-7% of water
content. The chemical composition of JAC obtaimedgécordance with originally developed
procedure(Bekerset al, 20073 is (% dry mass): solids, 94.6; total carbohydra&&7
(including fructans, 45.0; sucrose, 8.5; fructdsd, glucose, 0.8; others 4.9); proteins, 17.1;
lipids, 1.9; nucleic acids, 2.1. The taste propsrof JAC can be regulated by activating exo-
inulase, the enzyme found in tubers, as well agdgulating dehydratation and roasting
temperatures. The taste of JAC slightly remindstéste of rye bread or malt. JAC can be
used as additive to confectionary, bread, fermentiékks and other products. Fermented milk
or cereal hydrolysate products are excellent aarder development of probiotic bacteria
(Bekerset al.,1999; Semjonovst al.,2007b; 2008) and can be enhanced by fructans er oth
prebiotic substance§Semjonovset al., 2004; 2007a;b; 2008 The dried concentrate of
Jerusalem artichokeHglianthus tuberosystubers containing 45-50% (d. w.) of fructans
together with other biologically active macro- amicronutrients differed from commercial
fructan sources in respect to both chemical (Bekeral., 2007b) and prebiotic properties
(Table 1 and 2). The HPLC analysis of fructans friberusalem artichoke concentrate (JAC)
displayed a prevalence of fructan oligosacchar{@€3S) of varied degree of polymerization
(DP 3 — 8) as compared to the relative contributdrinulin (DP ~ 31), disaccharides and
monosaccharides.

Table 1
The influence of fructan supplements (2g 1004 on the growth of probiotics
Bifidobacterium lactis Bb12 andLactobacillus acidophilus La5, as well as general yogurt
cultures Lactobacillus bulgaricus Lb5 and Streptococcus thermophilus ST in milk, after
12 h fermentation

Fructan-containing supplements
Cultures Milk +Inulin® | +FOS | +Raftiline® | +Raftilose’ +JAC + Levan®
(Control)
Cell-count, cfu mrt

B. lactis 2.03»10" | 2.08»10’ 2.82x10° | 2.87x10" | 2.8x10" | 3.041C" | 3.12>10"
L. 5.27x10 | 6.26x10 6.98x10 | 8.19x10 | 6.42x10 8.72x10 | 6.24x10
acidophilus

L. bulgaricus | 6.20x16 nd 1.272x10 nd nd 1.31x10 nd
S. 9.37x16 nd 9.53x1H nd nd 9.68x1b nd
thermophilus

@ Inulin (inulin of analytical purity; Sigma- AldrighGermany);

b FOS (NutrafloraFO% fructooligosaccharides; Twinlab, USA);

9 Raftiline ST® ( food-grade inulin, Orafti, Belgium);

9 Raftilose L60/75 ( food-grade fructooligosaccharides, Orafti, Betn);

®  Levan - high molecular weight (2000 kD) -2,6 paligtan, produced b¥ymomonas mobilis

The observed fructan composition of JAC therefameficms the occurrence of possible shift
towards short-chain fructans caused by thermalnreat and/or action of endo-inulinases
during a processing of native Jerusalem artichakers which contain about 50% of inulin
(DP 11-30) (Semjonowst al.,2007hb).
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Table 2

The influence of JAC (2.0 %) on the development ditrable acidity during fermentation
of milk by various starters

Starter Time, h
composition Medium 3 | 6 | 9
P Titrable acidity, °T
A
B. lactis Milk (Control) 24.0 34.2 42.0
L. bulgaricus
S. thermophilus +JAC 36.6 68.0 85.0
B
B. lactis Milk (Control) 20.0 32.0 375
L. acidophilus
L. bulgaricus +JAC 34.4 71.3 100
S. thermophilus
C (ABT-type)
B. lactis Milk (Control) 224 32.0 42.0
L. acidophilus +JAC 33.4 80.0 101.0
S. thermophilus

The predominance of oligosaccharides (DP 3-8) enctimposition of JAC obviously makes
them different from a number of other commerciamponents and could provide good
prebiotic properties, being generally suggested fiois range of fructan oligomers
(Flammet al.2001).

Table 3
The total cell-count and titrable acidity in oat-medium after 8 h
fermentation by various starters

B
A B. lactis, C (AB.T ‘type)
B. lactis, . K B. lactis,
: L. Acidophilus, . :
L. bulgaricus, : L. acidophilus,
S. thermophilus L. Bulgaricus, S. thermophilus
' S. thermophilus '
cfu mg* oT cfu mg* oT cfu mg* oT
Oat medium |, 45,14 88 3.96x18 94 | 3.66x18 82
(Control)
+JAC, 2% | 7.31x10 99 4.74x16° 108 5.83x10 97

Supplementation of milk with JAC fermented by thdiféerent probiotic startersignificantly
increased the yield of bacterial biomass and acatibn rate. Besides, increased cell-counts
of probioticsB. lactisandL. acidophilus as well ad.. bulgaricuswere observed. A relatively
wide choice of universally known prebiotic fructaapplements were compared to JAC
during growth ofB. lactisand L. acidophilusin milk media. The effect of JAC substantially
(7-38%) exceeded those observed for commercial -foade fructan sources such as
Nutraflora FOS, Raftiline ST and Raftilose L60/75 in respect of.. acidophilus.Relative
growth responses d@. lactisalso indicated slight (5—-8%) but significant ackeayes of JAC

in comparison with other fructan additives. The vgio of S. thermophiluswas only
negligible (1.02-1.08 times) affected by additiddAC.
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Figure 1. An increase of titrable acidity upon thevarious concentration
of JAC in milk fermented by L. bulgaricus (A), L. acidophilus (e) and B. lactis (m),
after 12 h fermentation

The influence of JAC on the cell count of indivilialtures involved as constituents in
different starters during fermentation of milk atdwydrolysates (Table 2 and 3) showed the
prebiotic properties upoB. lactisandL. acidophilus The distinctions (Figure 1; Table 1) in
responses of two general yogurt cultutedulgaricusandS. thermophiluso the addition of
JAC, as well as another fructans (Table 1) couldobesignificance to design chemical,
rheological and organoleptic properties of yogurts.

Conclusions

The above results suggest the good propertiesdplication of JAC in the production of
synbiotic oat- or milk-based fermented foods. Thenparative evaluation of novel fructan-
containing functional additive from Jerusalem Anbke tubers showed very distinctive
responses of probiotic cultur& lactis and L. acidophilus as well as two general yogurt
culturesL. bulgaricusand S thermophiluson the addition of fructan source to the food
substrate under fermentation. An application of J®€C enhancement of fermented milks
obviously requires an employment of certain foodditnks (starch, pectin etc.) for
stabilisation of JAC particles and thus, an evatumabf possibly interacting stabilizer effects
in regard to employed strains, as well as an ovexatommodation of any particular
fermentation process.The functional qualities ofntsgtic fermented foods can be
substantially improved due to enhanced cell-codintiable probiotics caused by addition of
potent prebiotic substances (e.g. JAC or othertdrucsources) to food substrates under
fermentation. The prebiotic efficacy of JAC suppéts shown to be of exceeding or equal
worth as compared with other commercial fructanrsesl and, has been significantly
manifested in fermentations performed by both \ilial strains and starters.
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