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Abstract

Galacto-oligosaccharides (GOS) have interest in fibed industry due to their
recognized functional properties. In this work, stadied the effect of a commercia
galactosidase enzyme fromiluyveromyces lactifYNL-2, GODO) andLactobacillus
acidophilusLa-5, on GOS formation during the manufacture stwdage of drinkable and
stirred yogurts. In a preliminary step, GOS synthesnd lactose hydrolysis bf-
galactosidase was evaluated at different initieldse concentrations and doses of enzyme.
The GOS formation was favored with increasing aftdae concentration and enzyme
doses, while the hydrolysis dominated at lower ll@felactose. In turn, the presence of
GOS was already evident at 45 min of fermentationyogurts with addition off-
galactosidase. Mean concentrations were 0.36 &l @100 g for fresh drinkable and
stirred yogurts, respectively. No changes in theSG&vels were observed through storage,
indicating that they were stable in the productse probiotic bacteria added were not able

to produce GOS. The diminution of lactose was §igant in yogurts with-galactosidase;

1



25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

contents of residual lactose were around 1.3 griDOWe obtained different varieties of
reduced-lactose yogurts enriched in galacto-oligasarides. The presence of probiotic and
prebiotic would increase the functional propertégogurts.

Keywords: Galacto-oligosaccharide,galactosidasd,. acidophilus inulin, yogurt.

1. Introduction

Currently, galacto-oligosaccharides have attragadicular interest for research and
applications in the field of food, due to their wgaized functional properties. GOS are
non-digestible and non-cariogenic carbohydrate$ thedulate the colonic microbiota,
promoting the healthy balance (prebiotic effectijoag other positive health effects
(Caselato de Sousa, Freitas dos Santos, & SgarB@il; Mussatto & Mancilha, 2007).
These compounds are comprised of a variable numbegalactose units and, in some
cases, a terminal glucose unit, joined by glycasidinds. They are produced from lactose
(or other galactoside) by enzymati@ with B-galactosidases. The first step involves the
formation of the galactosyl-enzyme complex andasteof the glucose unit. After that, two
reactions can concomitantly occur, hydrolysis arathggalactosylation, depending on the
galactosyl-moiety acceptor present in the reaati@dium. When the acceptor is water, the
hydrolysis takes place and lactose is split intocgte and galactose; while, when the
acceptor is galactose (or potentially any sugd®, galactosyl transfer happens and a
complex mixture of GOS is formed (Gosling, SteveBarber, Kentish, & Gras, 2010;
Otieno, 2010). The predominance of the GOS syrdhager the hydrolysis, and the yield
and composition of the GOS mixture obtained araiBaantly affected by the origin di-
galactosidase enzyme and the operating conditlantoée concentration, dose of enzyme,

temperature/time and pH) (Boon, Janssen, & varet, RD00; Gosling et al., 2010).
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GOS are used as functional food ingredients, atoneith fructo-oligosaccharides or
inulin, into infant formulas to mimic the benefiteffects of human milk oligosaccharides
(Bode, 2009). Other processed foods that are impbifior the inclusion of GOS are
beverages, bakery and dairy products because ftiretional and technological aspects
(high solubility, clean taste, stability, low glyoe& index) (Torres, Gongalves, Teixeira, &
Rodrigues, 2010). However, GOS can also be formesitu during the manufacture of
fermented dairy foods as a result of the metalaudtovity of strains (Gosling et al., 2009).
The formation of oligosaccharides in yogurts pregapy using yogurt cultures combined
with bifidobacteria strains has been reported (Lar@ox, Roy, & Gauthier, 2002). In turn,
Martinez-Villaluenga, Cardelle-Cobas, Corzo, andrd| (2008a) tested the GOS contents
in commercial products: traditional yogurts, yogurontaining bifidobacteria and ready-to-
drink yogurts withLactobacillus caseiln both studies, it was found a wide variation
among samples analyzed; probiotic yogurts showgteniamount of GOS compared to
traditional ones. The stability of GOS in the damatrix is an important aspect to be
considered. Mozaffar, Nakanishi, and Matsuno (198&)ected a disappearance almost
complete of GOS at the latter stage of milk incidratvith a commerciaB-galactosidase
enzyme. However, Lamoureux et al. (2002), Martidélzdluenga Cardelle-Cobas, Corzo,
Olano, and Villamiel (2008b) and Yadav, Jain andhh&i (2007) indicated that no
hydrolysis of GOS occurred through storage. Hetloe results reveal that the amount of
GOS produced depends on the strains and the phoggmsameters used in the preparation
of different varieties of fermented milks.

On the other hand, the direct additionpefalactosidase enzyme in the production of
reduced-lactose products could lead to simultanpoaduction of GOS. Delactozed dairy

foods are destined for individuals who are affedigdactose intolerance, because they are
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deficient of the lactase enzyme in the digestiaettneeded to properly absorb the lactose.
The problem of lactose intolerance is well-knowl andespread in more than half of the
Latin American population (Ruiz-Matute et al., 2D13ome studies evaluate different
conditions in order to obtain low-lactose milks tning GOS (Chen, Hsu, & Chiang,
2002; Mahoney, 1998; Ruiz-Matute et al., 2012). deer, according to our knowledge,
there are scarce data about this topic in fermem#ics. The yogurt market in Argentine
has experienced steady growth in recent years iffietledht varieties of products have been
launched; nevertheless, reduced-lactose yogurts imireasing amounts of GOS are yet
absent.

The aim of this work was to study the effect of tinelusion of commerciaP-
galactosidase fronK. lactis and the probiotic bacterib. acidophilusLa-5 on the GOS
formation during the manufacture and storage ohkdble and stirred yogurts. In a
preliminary step, GOS synthesis and lactose hydi®lyy the-galactosidase enzyme was

evaluated at different initial lactose concentrasiand doses of enzyme.

2. Materials and methods

2.1. Enzymatic hydrolysis/transgalactosylation from lactose in buffer

Enzymatic hydrolysis and synthesis of GOS fromdsetsolution was studied at three
different concentrations of initial lactose andendifferent doses of enzyme at laboratory
trials. A commercial food gradp-galactosidase enzyme derived fran lactis, YNL-2
GODO (50000 U ONPG/g) produced by Shusei Compamyited (Tokyo, Japan) and
kindly donated by Milkaut S.A. (Santa Fe, Argenjin@as employed. These preliminary
experiences were performed to know the ability le$ enzyme for GOS production, in

order to apply it for the obtaining of differentrigties of yogurts enriched in GOS.
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Lactose monohydrate (Sigma-Aldrich, Saint Louis8A) solutions (100 mL) of 5, 10
and 20 g/100 mL were prepared in 100 mmol/L potassphosphate buffer (pH 6.8)
(Sigma-Aldrich, Saint Louise, USA) containing 1 nmlrhoMgCl, (Sigma-Aldrich, Saint
Louise, USA). The enzyme was added at differentego®.16, 0.25 and 0.40 g/L
(equivalent to 8000, 12500 and 20000 units, respyg), and the reaction mixtures were
incubated in a water bath at 421 °C for 3 h. At different times (40, 60, 100, 1&d 180
min), aliquots (4 mL) were withdrawn and immedigitihmersed in a boiled water bath for
8 min to deactivate the enzyme. The samples wenedtat -18 °C for carbohydrates
analysis. The incubation experiences were carngdnoduplicate.

The amounts of remaining lactose, and the amounB@©f, glucose and galactose
produced were expressed as percentage by weighe dbtal carbohydrates content in the

reaction mixtures.

2.2 Yogurt manufacture

Two varieties of sweetened yogurts, drinkable atiwded were made at laboratory
scale; stainless steel vats of 5 L of capacity eaehe employed (Vénica, Perotti, &
Bergamini, 2014).

The results obtained in preliminary experiencesewtaken into account to select the
doses of enzyme for the production of yogurts viiiph levels of GOS. Therefore, for
drinkable yogurts, whose milk base had approxingafe/100 mL of lactose, the lower
dose of enzyme was used, while for the stirred stsgwith levels of initial lactose around

7 g/100 mL, the intermediate level of enzyme wasseh.
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A factorial design was used for each variety ofybgTwo factors were studied, the
addition of B-galactosidase enzyme, and the incorporatiorL.ofcidophilusLa-5 (Chr
Hansen, Horsholm, Denmark) and inulin (Of4&R, Mannheim, Germany), at two levels
each, with and without addition. Thus, four differeypes of yogurt were manufactured:
unhydrolyzed C); unhydrolyzed symbiotic (with probiotic and pretic) (P); hydrolyzed
(E) and hydrolyzed symbioti&P). These yogurts were performed in triplicate resglin
a total of 12 experimental units for drinkable aticdred yogurts, respectively.

Bulk bovine milk 3 g/100 mL fat content (Milkaut A, Santa Fe, Argentine) with
addition of 8 g/100 mL sucrose (Ingenio Ledesma.SPucuman, Argentine) was
tempered until it reached approximately 40 °C. s imoment, 2.25 g/100 mL skim milk
powder (SMP) and 2.00 g/100 mL whey protein conegat(\WPC35) (Milkaut S.A., Santa
Fe, Argentine), were added for stirred yogurtssymbiotic yogurts, 1.00 g/100 mL inulin
was also aggregated. The ingredients were dissddlyedanual agitation for 15 min. Milk
bases were heated at 8@ °C, stand for 5 min, immediately cooled to #2 °C, and
inoculated with freeze-driedirect vat set (DVS) YF-L81XChr. Hansen, Buenos Aires,
Argentine) containing Streptococcus thermophilusnd Lactobacillus bulgaricus (3-
galactosidase enzyme (0.16 and 0.25 g/L, for dblkand stirred yogurts, respectively)
was added together with the starter culture forrblyded yogurts £ and EP). The
incubation process was conducted at42 °C until pH 4.7Gt 0.10 was reached. At this
point, freeze-dried DVS culture &f acidophilusLa-5 was added in order to give initial
cell count of 10 CFU/g in symbiotic yogurtsi andEP). The yogurts were immediately

cooled to 25 °C in an ice water bath, applyingrmigent manual agitation, followed by
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placing in screw cap glass flasks (500 mL). Finale yogurts were stored at5L °C for
21 days.

Aliquots were removed at different times duringnientation and in freshly made
yogurts to measure pH, concentration of GOS artddac In addition, throughout the entire
refrigerated storage period, pH, titratable acidégd concentrations of lactose, GOS and
lactic acid were determined. Overall compositiontakt solids, protein and fat) and

microbiological counts were also evaluated.

2.4. Carbohydrates and lactic acid analysisby HPLC

HPLC equipment for the analysis of carbohydrated kttic acid consisted of a
guaternary pump, an on-line degasser, UV-visibkeder (Series 200), a refractive index
detector and a column oven (Series Flexar) (Pegkimer, Norwalk, USA). Data were
collected and processed on a computer with thevaoft Chromera® (Perkin Elmer,
Norwalk, USA).

The analysis of GOS, lactose, glucose and galactofiee incubation experiences of
lactose solution with th@-galactosidase enzyme were made on an Aminex HMPK-87
column (300 x 7.8 mm) equipped with a cation® Naicroguard cartridge (Bio-Rad
Laboratories, Norwalk, USA). Chromatographic seppanawas performed using HPLC
water as mobile phase at a flow rate of 0.3/mih, maintaining the column at 85 °C.
Aliquots of reaction mixtures were appropriateljutéd with distilled water, filtered
through 0.45um membranes (Millex, Millipore, Sdo Paulo, Brazahd injected into the

chromatograph, using a loop of g0.
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On other hand, the analysis of GOS, lactose artit lacid during the manufacture (in
milk base, 45 and 150 min of incubation), in freglgurts and during storage (7 and 21
days), were made on an Aminex HPX-87H column (300&mm) equipped with a cation
H* microguard cartridge (Bio-Rad Laboratories, Hessul USA), which allow the
simultaneous quantification of sugars and orgarmimsausing UV and IR detectors
connected in series. Chromatographic separationsantple preparation was performed
according to Vénica et al. (2014). Quantificatioasaperformed by external calibration
using suitable standards (Sigma-Aldrich, Saint keulUSA). Regarding the quantification
of GOS, the trisaccharide raffinose was used aslatd (Lamoureux et al., 2002; Martinez

Villaluenga et al., 2008b).

2.5. Physicochemical determinations and microbiological counts

The measurement of pH during fermentation (in rbéise, 45 and 150 min), in freshly
made yogurts and during storage (7, 14 and 21 dags)done with a digital pH meter
(Orion 3 star benchtop, Thermo Fisher Scientific.,IlBeverly, USA). Titratable acidity
(TA) (1, 7, 14 and 21 days) was determined byttagrawith 0.1 N NaOH (IDF, 2012). The
results were expressed as Dornic degree (1 °D sriPlactic acid/L). Protein (IDF, 2001),
total solid (IDF, 2005), and fat contents (Bradktyal. 1992) of yogurts with 7 days of
storage were analyzed.

Total lactic acid bacteria and moulds and yeastseishly made yogurt and at 21 days
were analyzed according to Vénica et al. (2014)e Thunts ofL. acidophiluswere

determined on MRS agar by Vinderola and Reinhe({1@99).

2.6. Statistical analyses
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Data obtained from yogurts were processed by twp-ABlIOVA in order to detect
differences in pH, TA, lactose, GOS and lactic aatdeach sampling time. One-way
ANOVA was also used to detect the effect of storpgeiod on GOS concentration.

Statistical analyses were carried out using SPS®siitware (SPSS Inc., Chicago, USA).

3. Results and discussion

3.1. Enzymatic hydrolysis/transgalactosylation from lactose in buffer solution

Lactose hydrolysis and transgalactosylation reastioby the commercialp-
galactosidase enzyme YNL-2 in the incubation exuees were followed by HPLC-IR
analyses of carbohydrate profiles.

Fig. 1 shows, by way of example, the HPLC-IR chromatogddrthe reaction mixture
containing an initial lactose concentration of 30§ mL and with 0.25 g/L of enzyme,
incubated for 180 min at 42 °C. As expected, glacasd galactose were the main
components due to the hydrolytic activity of ffwgalactosidase enzyme. Likewise, it was
possible to detect a first peak with retention tiofel4.9 min, which eluted before the
disaccharide fraction (lactose, in this case), esponding to GOS as a result of the
transgalactosylation activity of enzyme.

GOS production (expressed as mean percentageabfstajars) during the time course
of reaction (3 h) in the presence of different dosgp-galactosidase (0.16-0.40 g/L) and
different initial lactose concentrations (5-20 dJ1iL) is shown irFig. 2 (A, B andC). It
was found that the GOS formation increased witligiasing initial lactose concentration
from 5 to 20 g/100 mL, for each dose of enzymepdrticular, for lactose concentrations of
5, 10 and 20 ¢g/100 mL, the maximum GOS contentewe? (reached at 100 min), 6.0

(180 min) and 6.6 g/100 mL (180 min), respectivédy,the lower level of enzyme assayed

9
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(0.16 g/L); 5.4 (60 min), 8.7 (140 min) and 11.7@J mL (180 min), for the intermediate
enzyme level (0.25 g/L); and 4.9 (40 min), 9.0 (6id) and 13.1 g/100 mL (140 min), for
the higher enzyme level (0.40 g/L), respectiveBn. the other hand, increases of the doses
of enzyme led to maximum amounts of GOS in a shodaction time, for each level of
initial lactose tested, as can be seen by the saltieeaction times indicated in brackets. In
some cases, a slight degradation of GOS after #wemum reached was observed. In
particular, the decrease of GOS content was mavaopinced with the higher doses of
enzyme and the lower concentration of initial Iaetin the reaction medium. This behavior
could be attributed to the fact that these compsua@ intermediate in the enzymatic
reaction and could be hydrolyzed by tRegalactosidase enzyme when the remaining
lactose contents are lovC\§rda, Rudolfova, $tina, & Dryak, 2006; Rodriguez-Colinas,
Poveda, Jimenez-Barbero, Ballesteros, & Plou, 28plechtna et al., 2006).

Fig. 3 (A, B andC) illustrates the changes in the percentages odirgnyg lactose, and
glucose and galactose formed during the incubapieriod. As expected, the residual
lactose and the glucose and galactose diminishddrameased, respectively, as reaction
time elapsed; this effect was more evident withreasing enzyme levels. The diminution
observed in the residual lactose values was mooeopnced at lower initial lactose
concentration, which was associated with higheueslof glucose and galactose. On the
other hand, the levels of galactose were lower thase of glucose in all cases, above all
in the experiences with higher initial lactose aamtcation, which is related with the
synthesis of GOS. Mean values of glucose/galactase for all the doses of enzymes
tested were 1.01, 1.15 and 1.32 for 5, 10 and 200gmL of initial lactose, respectively.

The GOS yields were calculated by dividing the am@f GOS formed by the amount of

10



234  lactose consumed and multiplying by 100; mean wabfd¢he maximum GOS vyields were
235 approximately 8, 15 and 26 %, for 5, 10 and 20 @/Q of lactose (data not shown).

236 These results highlight that the reactions of hlydie and transgalactosylation occur
237 simultaneously and the products obtained (glucamdactose and GOS) are mainly
238 dependent on the starting lactose concentratiothe@nreaction medium. In addition, we
239  confirmed that hydrolysis is favored over transgtdaylation at low lactose concentration,
240 since the amount of hydroxyl groups of carbohydraselower as compared to those of
241  water, while GOS formation dominates at high lagt@®ncentration, since galactosyl
242 groups have a higher probability of attaching tetdae. Thereby, as the initial
243  concentration of lactose increases, the hydrolsis decreasing and the GOS formation
244  increasing. Similar results for oth@rgalactosidases enzymes were reported by many
245  authors (Boon et al., 200Gurda et al., 2006; Martinez-Villaluenga et al., 800Neri et

246  al., 2009; Palai, Mitra, & Bhattacharya, 2012; Uiaet al., 2013).

247
248 3.2. Physicochemical parameters and microbiological counts of yogurt
249 The contents of total solids, protein and faalfle 1) were suitable as established by

250  Argentinian Legislation (CAA, 2010). The additiohioulin in symbiotic yogurts produced
251  an increase in the total solid conteRtg 0.05). No significant difference® (> 0.05) in
252  chemical composition of yogurts were observed leyiticlusion of exogenous enzyme.

253 As expected, the pH sharply decreased during inmrbarocess due to the metabolic
254  activity of lactic acid bacteria. During the stoeaperiod, the pH continued to decline
255  slightly in a similar way for all samples (the vatuat 7 days are shown Table 1). No
256 influence of the enzyme on pH values was detecteohgl fermentation, while significant

257  differences P < 0.05) were found at 14 days for drinkable yogartd at 7 days for stirred
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ones;thehydrolyzedyogurts E andEP) had the highest values. Addition of inulin and3.a
did not have a significant influence on pH values>(0.05).

The titratable acidity increased progressively tigio storage from 60 to 71 °D for
drinkable yogurts and from 77 to 94 °D for stirredes Table 2). All values were in
accordance with those established by Argentiniagidlation (60-150 °D) (CAA, 2010).
For drinkable yogurts, TA was significantll? € 0.05) affected by the enzyme addition at
14 days and by the addition of probiotic and prabifa-5/inulin) at 14 and 21 days. For
stirred yogurts, the influence of enzyme additioasvsignificant ® < 0.05) at 14 and 21
days while the addition of La-5/inulin did not infince on TA values. In both varieties of
yogurt the enzyme incorporation led to lower valoéJA and the La-5/inulin addition to
higher values of TA.

Regarding the lactic acid concentrations, no siggit difference was observeR ¢
0.05) (Table 2). The mean values were 580 and 740 mg/100 g atritleof manufacture,
and 660 and 880 mg/100 g at 21 days, for drinkaplé stirred yogurts, respectively.
However, the pattern was similar to that foundTéy; the hydrolyzed yogurtd5 andEP)
had lower values of lactic acid content than unblydred ones@ andP).

The viable cell counts df. acidophiluswas 10 CFU/g in symbiotic yogurts and the
total LAB counts in all yogurts were about®10FU/g, throughout the whole period of
storage. They were in accordance with those fixedigentinian Legislation (LAB counts
> 10’ CFU/g; probiotic counts > £GCFU/g) (CAA, 2010; CAA, 2013). Similar levels of
viable counts of La-5 were found by Ozer, Akin, a@der (2005) and Mazloomi,
Shekarforoush, Edrahimnejad, and Sajedianfard (2@dtiich were maintained throughout
14 days of storage in symbiotic yogurts. Likewigey found that the probiotic addition

did not affect the values of pH, TA and lactic ad@zh the other hand, Ng, Yeung, and

12
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Tong (2011) and Mazloomi et al. (2011) reporte@auction of approximately 1 log in the

counts ofL. acidophilusduring storage of yogurts prepared without inulin.

3.3. GOS and lactose concentrations in yogurts

The evolution of lactose concentration during mantifre and storage for drinkable
and stirred hydrolyzed and unhydrolyzed yogurtssh®wn inFig. 4. In turn, Fig. 5
illustrates the GOS concentration of hydrolyzeduytg) € andEP), as these compounds
were not detected in unhydrolyzed on€s gnd P). Table 3 shows the significance of
treatment effects on lactose and GOS concentrations

Enzyme addition had a significant effect on lactesel GOS contents. La-5/inulin
addition was significant on GOS concentration ofaly stirred products at 21 days; the
symbiotic yogurts had the highest values. Meanwhike lactose content in drinkable
symbiotic yogurts at 21 days was slightly lowBr< 0.05) than the products without La-
5/inulin.

The lactose values were lower in hydrolyzed yogoasipared to unhydrolyzed ones,
for all sampling times. Residual lactose concermmnain freshly made hydrolyzed yogurts
was 1.26 and 1.52 g/100 g, for drinkable and stig@gurts, respectively, compared to 4.08
and 5.55 ¢g/100 g for unhydrolyzed ones. The presencsOS was already evident at 45
min of fermentation, when the greatest decreaséactbse was obtained; then, GOS
concentration slightly increased towards the endeohentation. Mean values were 0.62
and 0.36 g/100 g, for stirred and drinkable hydzety yogurts, respectively. The difference
found between both yogurt varieties is due to tighdr content of lactose in the milk base

and level of enzyme used in stirred yogurts in camgon to drinkable ones, which

13
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328

improves the transgalactosylation reaction. Thi$ i& consistent with the data obtained in
the preliminary experiences of hydrolysis/transgasylation from lactose solutions.

In addition, no changes in the contents of GOS wbserved through the refrigerated
storage periodR > 0.05), which states that the GOS formed werbleta the different
yogurt matrices. Even though we observed a dinronuin the amount of GOS after
reaching a maximum in some preliminary experierafesicubation of lactose solutions,
this behavior was not found in yogurts. This faotild be due that the enzyme employed
was inactivated at the pH of yogurts, while in thaction mixtures the pH was maintained
at the optimal for the enzyme activity (pH 6-8).

Limited information is available about the GOS fation during the manufacture of
hydrolyzed yogurts and their stability on storalgethis sense, Toba, Arihara, and Adachi
(1986) found the maximum content of oligosaccharigie2 h of incubation (approximately
1.2%) during yogurt making with the inclusion fyalactosidase fromspergillus orizae
After that, the GOS level dropped to half toward #nd of fermentation (8 h) and they
continued to decline even more in the storage g€fi6 d, 5 °C). The authors indicated that
the exogenous enzyme could have hydrolyzed the f8fd&d. Recently, Martins, Manera,
Monteiro, Burkert, and Burkert (2011) studied th@©$ production by Lactomax Flex
enzyme (composed WBrgalactosidases frod. lactis andAspergillus nigey in probiotic
yogurts; they found 0.27 and 0.42 g GOS/100 mL.

On the other hand, the absence of GOS in unhydrdlyogurts € andP) indicates
that thep-galactosidases from YF-L811 and La-5 cultures werable to produce these
compounds under the conditions employed. Variadselts were reported in relation to the
ability of starter and probiotic cultures to produGOS in fermented milks. Toba et al.

(1986) reported GOS values of 0.09% in traditigregurts. Lamoureux et al. (2002) found
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levels of approximately 0.28% in freshly made yaguwhich increased to values between
0.49 to 0.72% with the inclusion of different biibacteria species in the formulation.
Martinez-Villaluenga et al. (2008a) informed GOStamts of about 0.23, 0.37 and 0.50%
in commercial yogurts, in ready-to-drink yogurtsntaning L. casei and in yogurts
containing bifidobacteria, respectively. In turnadav et al. (2007) pointed out that the
ability to produce GOS was different among strapecties, because they found values
ranged from 0.33 to 0.53 g/100 mL in fermented mitkade withLactococcus lactisL.
acidophilusandL. caseiIn all these studies no change in the GOS conteassobserved
during the storage of yogurts or fermented milkgakwhile, Martins et al. (2011) have not
detected GOS in probiotic yogurts, indicating ttieg starter culture anB8ifidobacterium
animalisand L. acidophiluswere not able to produce the compounds that beought;
these results are similar with those obtained mvaark.

Finally, it is interesting to highlight that the G&ontents we have achieved in yogurts
were comparable with those reported by Ruiz-Magtital. (2012) for commercial lactose-
free UHT milks and dairy drinks (0.10 to 0.44 g/1®0Q) and by Chirdo et al. (2011) for

infant formulas from different brands (0.33 to 0g7200 mL).

4. Conclusion

The results obtained in our study indicate thatdbeamercialp-galactosidase enzyme
tested had ability to produce GOS during manufaaguof yogurts, while the starter and
probiotic cultures did not show it. The presencé&s@S was already evident at 45 min of
fermentation in yogurts with addition ffgalactosidase, and then it slightly increased unti

the end of process and remained stable duringdinage period of products.
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On other hand, the enzyme produced a reductioheractose content, so the product
obtained was beneficial for lactose intolerant peop

The stability of GOS during storage of the yoguvtss probably due to the inability of
cultures added to metabolize them and the inaabivaif thep-galactosidase enzyme from
K. lactis at the pH values of yogurts. This fact is impattanorder to grant consumers the
beneficial effect of these compounds. However,dfiability of GOS could be different in
yogurts made with other cultures or witfgalactosidases enzymes with optimal pH acidic.

In the present work, we obtained different vareé reduced-lactose yogurts enriched
in galacto-oligosaccharides; the levels found veenglar to those reported in commercial
lactose-free milks and infant formulas. Furthermdine presence of probiotic and prebiotic

would increase the functional properties of yogurts
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Table 1. Composition (g/100 g) and pH of yogurts at 7 days of storage (mean +

standard deviation; n = 3).

Yogurt Total solids Fat Protein pH
C 179+02 28+02 3.01+006 4.42+0.10
E 17503 3.0+x01 3.00+0.02 4.49+0.06
Drinkable P 185+02 25+02 303+005 443%0.04
26+
EP 18.6+0.1 3.03+0.05 4.51+0.08
0.1
Sgnificance of treatment effect
Enzyme NS NS NS NS
La-5/inulin * NS NS NS
C 204+1102 22+02 420+003 4.46+0.04
E 206+01 22+02 413+0.07 451+0.04
Stirred
P 214+01 26+01 424+007 446+0.04
EP 214+01 26%x0.2 422+0.01 457+0.05
Sgnificance of treatment effect
Enzyme NS NS NS *
La-5/inulin * NS NS NS

C: unhydrolyzed yogurts; P: unhydrolyzed symbiotic yogurts; E: hydrolyzed yogurts; EP:

hydrolyzed symbiotic yogurts.

Two-way ANOVA analysis; NS: Not significant; *: P < 0.05.



Table 2. Titratable acidity (°Dornic) and lactic acid centration (mg/100 g) in yogurts during storage (meatandard deviatiom = 3).

Titratable acidity Lactic acid

Yogurt 1day 7days l4days 2ldays End(pH=4.7) 2ldays

C 629+1.6 67.6+x1.2 69.1+0.8 69.9+0.6 598.8+35.1 685.277.7

E 61.0+1.2 64.7+2.4 66.2+15 65.8+1.5 549.1+499 675.1*+18.8
Drinkable

P 60.3+1.1 66.9+1.6 70.6+1.9 71.5+2.7 615.9+14.3 662.C- 79.3

EP 61.9+1.4 67.1+0.7 69.2+ 1.6 70.5+2.8 549.4+57.8 602.450.2

Sgnificance of treatment effect

Enzyme NS NS * NS NS NS

La-5/inulin NS NS * * NS NS

C 82.0+2.089.4+1.8 91.7+0.7 93.6+1.2 793.2+55.3 986.% 25.8

E 81.6+19 87.8+3.4 88.2+0.8 90.0+1.8 743.1+18.1 795 % 12.2
Stirred

P 78.1+2.3 89.3+2.8 91.5+1.8 94.1+2.7 720.2+56.4 876.872.0

EP 76.9+1.6 85.2+3.2 89.1+ 3.2 91.9+2.6 716.2+85.3 862.695.3

Sgnificance of treatment effect

Enzyme NS NS * * NS NS

La-5/inulin NS NS NS NS NS NS

C: unhydrolyzed yogurt€?: unhydrolyzed symbiotic yogurtg;: hydrolyzed yogurtsEP: hydrolyzed symbiotic yogurts.

Two-way ANOVA analysis; NS: Not significant; £ < 0.05.



Table 3. Significance of treatment effect on GOS and |actose concentration.

Drinkableyogurt Stirred yogurt

45min End 7days 2ldays 45min End 7days 21days

GOS

Enzyme * * * * * * * *

Probiotic/prebiotic NS NS NS NS NS NS NS *

Lactose
Enzyme * * * * * * * *
Probiotic/prebiotic NS NS NS * NS NS NS NS
End: pH 4.7.

Two-way ANOVA analysis; NS: Not significant; *: P < 0.05.
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Fig. 1. HPLC-IR carbohydrate profile obtained from lactose hydrolysiswith YNL-2 GODO K.
lactis B-gal actosidase enzyme. The chromatogram corresponds to the reaction mixture with 5
0/100 mL of initial lactose and 0.25 g/L of enzyme, at 180 min of incubation. &) unretained

compounds, b) GOS, c) lactose, d) glucose, €) galactose.
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Fig. 2. Formation of galacto-oligosaccharides (expressedeacentage of total carbohydrates)
by K. lactis p-galactosidase at different doses: 0.16, 0.25 ad® @/L (A, B and C,

respectively) performed at 42 °C for 3 h from di#fet initial lactose concentrations: 5.0
(diamond symbol), 10.0 (square symbol) and 20iante symbol), g/100 mL. Values are the

means of the results € 2); the coefficients of variation were betweed @&nd 6.3%.
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Fig. 3. Changes in residual lactose (black line), gludgsey line) and galactose (dashed line)
(expressed as percentage of total carbohydratek) kagctis p-galactosidase at different doses:
0.16, 0.25 and 0.40 g/L (A, B and C, respectivg@gjformed at 42 °C for 3 h from different
initial lactose concentrations: 5.0 (diamond symib®0.0 (square symbol) and 20.0 (triangle
symbol), g/100 mLValues are the means of the resutis=(2); the range of coefficients of

variation were 1.0-5.6% for lactose, 1.4-3.8% fioicgse and 1.7-2.9% for galactose.
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Fig. 4. Lactose concentration during manufacture and storage for drinkable (A) and
stirred (B) yogurts. Vaues are means (n = 3).
C: unhydrolyzed yogurts (m); P: unhydrolyzed symbiotic yogurts (& ); E: hydrolyzed

yogurts (m ); EP: hydrolyzed symbiotic yogurts (O0). End: pH 4.7.
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Fig. 5. GOS concentration during manufacture and storage for drinkable and stirred yogurts.
Vaues are means (n = 3).

E: hydrolyzed yogurts (l); EP: hydrolyzed symbiotic yogurts (O0). End: pH 4.7.



Highlights

B-galactosidase YNL-2 GODO can synthesize galacto-oligosaccharides (GOS) in
lactose solution and yogurt.

Varieties of reduced-lactose yogurts enriched in GOS were obtai ned.

Small changes in quality parameters were produced in yogurts by enzyme and
Lactobacillus acidophilus/inulin addition.

GOS formed were stable throughout the storage period of yogurts.

GOS contents were similar to that found in infant formulas and other dairy foods.



