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ABSTRACT

Today's consumers can select functional foods faomwide variety of these products with componenth sas
proteins, carotenes, dietary fiber or microorgansskmown as "probiotics”, among which are those hgilog to the
Lactobacillus and Bifidobacteri umgenera. This werkaluates the effect of the addition of ascorhiiland L-
cysteine as redox potential reducing agents (Eh}henpropagation of a probiotic microorganism, Latzacillus

casei, in milk. The reducing agents were addedilivindividually or combined in concentrations gf D0 and 200
ppm, in order to obtain the combination that woualilow the maximum growth of the probiotic cultuféhe

different combinations of ascorbic acid and L-ciystewvere evaluated on the number of colony fornuinigs of L.
casei before and after 5 days of milk incubatiolne propagation of the microorganism was analyzeadaynting
colonies on Mann Rogosa Sharp (MRS) agar platasbiaied anaerobically at 35 +1°C for 72 h. The camakion

of the higher concentration of ascorbic acid (2@drp and L-cysteine (100 or 200 ppm) gave the maninunt of
L. casei, with a population higher than’f@FU/mL. These additives proved to be effectiviaénmultiplication of
the probiotic bacteria to generate new healthy pratd in the food industry.
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INTRODUCTION

In recent years, interest in probiotics among nedems and consumers has been growing. Probioties a
microorganisms which, when administered in appedpramounts, travel through the gastrointestimat tand bring
health benefits to consumers[1,2].The species os®d as probiotics ate acidophilusand species belong to the
Caseigroup(L. casejL. paracaseandL. rhamnosus]2-4].

Probiotic bacteria such lasacidophilusandBifidobacterium sppare known for the important health benefits they
provide, helping to maintain the intestinal flomggulating the immune system, reducing the riskcaicer,
preventing diarrhea in children, and lowering cktéeol levels [2].In several countries around tterld/there is a
variety of products containing probiotic bacterapsules, tablets, powders, fermented foods andicydarly,
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yoghurt[1,5,6,7].Live probiotic bacteria is onetbe most important characteristic that consumesgddor when
purchasing a probiotic-enriched dairy product.

The greatest challenge associated with the incatioor of probiotic microorganisms in the developtehdairy
foods, is to retain their viability during procesgiand storage and while passing through the dasdstinal tract.
For these microorganisms to be viable when thegirehe intestine, a sufficient number of the prabibacteria
must survive in the product, so that it must canti least 1DCFU/mL when consumed[8].1t is well known that
probiotic bacteria cannot exert its beneficial effe on the organism unless it is consumed in veagh h
concentrations, therefore there are not recommeadt @umbers[9].In general, a concentration diCFUper g or
mL of product at the time of ingestion is acceiedhe minimum probiotic population needed to poeda positive
effect on health. Similarly, ingesting #00°CFU per day has been indicated as the minimum peeti& dose,
which would be achieved by consuming 100 g or mlpafduct[10,11,12];however, these figures should bre
taken as absolute values since depends on tharfomlich the bacteria were ingested; the food fitsely exhibit a
protective action, and also depends on the stragd,uwhich may have a different sensitivity to tielogical
barriers[13].

Some environmental conditions enhance the viabiitymicroorganisms. Talwalkar and Kailasapathy @00
[14]mention, for example, that hydrogen peroxidedurction and acidity are factors that improve thevisal rate

of L. acidophilusand bifidobacteriain yogurt. The reduction of oxygs fundamental to the survival of these
microorganisms in fermented dairy products.

Talwalkar and Kailasapathy (2004) [14] reported t@biotic bacteria such lasacidophilusandBifidobacterium
spp are unable to synthesize enzymes such as cytoehand other heme- enzymes that are importantdotren
transport and, therefore, cannot synthesize ATRhgaespiratory chain, using instead the fermematathway in
their metabolism. In the case of anaerobic micranigms, the organic substrate undergoes a serieésdok
reactionsthrough pyridine nucleotides such as NADH.

Some authors [15-18],have reported the importaftieeochange of redox potential which, at highduga, inhibits
the growth of anaerobic bacteria due to the diggbluxygen in the medium. The redox potential isndef as the
measure of the tendency of a substrate to losaiaredectrons. When an element loses electrorms siid to have
been oxidized, and when it gains electrons, redutedmore oxidized a substance is, the more pesits redox
potential (Eh) andiice versafor reduced substances [19]. Milk products contaiportant scavenger compounds,
one of which id_- cysteine, which acts as an oxygen scavenger jkgéipe redox potential low and increasing the
viability of the probiotic bacteria. Similarly, ltas been reported that the presence of ascorldcaadL-cysteine
has a synergic effect on the reduction of redoemtidl and therefore increase the viability of potic bacteria.

The food and the dairy industry in particular haxglored different procedures to help probioticactetheir sites
of action while still viable and in sufficient quities, using yogurt and fermented milks as théveey vehicles of
probiotic bacteria [20-24].

Many lactobacilli can grow reasonably well in mikaching maximum concentrations of aroun&10CFU/mL
after 24 h of incubation at 37°C [25]. This optimwell development has been attributed to the gbdit the
bacteria to degrade casein thanks to its complaeteplytic system, although this activity dependdtaspecies and
the strain[26,27].

The growth and survival of lactic acid bacteria barenhanced by using reducing compounds that geneegative
Eh values. The aim of this work was to evaluateetffiect of two reducing agents, ascorbic acidlaogsteine, both
individually and combined, in the propagation aflgiotic Lactobacillus casein milk.

MATERIALS AND METHODS
Raw material

We used whole, ultra-pasteurized milk (Lala, S.AQI®. México) bought from self-service stores i tbity of
Puebla and reagent-grade ascorbic acidLaogsteine(Sigma Aldrich Chemicals, U.S.A.).
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Lactobacillus caseivas provided by the Food Microbiology Laboratorgrir Universidad de las Américas Puebla.
A loopful of the strain was inoculated in100 mLNMé&nn Rogosa Sharp (MRS) broth (Difco, MlI, U.S.Angubated
18 h at 35°C, centrifuged at 13,000 rpm for 10 rieéawand re-suspended in 1 mL of milk. Viable celirt was of
approximately 18 CFU/mL. The cell suspension was used to inocuteeekperimental systems.

Methodology

Effect of reducing agents on the propagation afactobacillus casei

Different concentrations of ascorbic acid dndysteinewere used as reducing agents to enhaeceiahility of
probiotic bacteria. The concentrations studiedsa@vn in Table 1. Three repetitions were made ol éaeatment.

An aliquot of thel. caseicell suspension was inoculated into an Erlenméigek containing 100 mL of the milk to
reach a concentration in every systems of appraeima ®*CFU/mL, and ther-cysteineand/or ascorbic acid were
added.

Once the systems were inoculated, they were kephimcubator (Imperial Lab Line I, U.S.A.) at 351%C in an
aerobiosis. A count of the microorganisms in eddhe systems was made after 0 and 5 days of inicuba

In order to perform the viable caseicounts, 1 mL of the inoculated milk was consecudieted in sterile isotonic
saline solution, platted on MRS agar (Difco, MISLA.), and incubated anaerobically for 72 h at 35& [28]. The
procedure was repeated for the prepared systedeyd of incubation. An incubation period of 5 dayas chosen
because studies conducted by Cerén (2008) [29Béamtthetteet al. (1996) [8]showed that this time frame ensured
good viability of the probiotics. The counts werade with the help of a Quebec colony counter aedrésults
were expressed as CFU/m.

Statistical analysis

Analysis variance was made, in Minitab v. 15.0wsstn the viablé.. caseicounts obtained treatments at time zero
and after 5 days to evaluate the effect of the aeduagents and their combinations. A Tukey mudtipbmparison
test with a 95% confidence interval was perfornteddtermine which of the treatments were signifilgedifferent.

RESULTS AND DISCUSSION

The addition of growth-promoting substances such-agsteine and ascorbic acid, used in this investgais
another strategy for increasing the developmentsandval of probiotic bacteria in the productsoimthich they are
incorporated, due to the weak growth of some afntie milk[30].

The results of the microbial counts for the systdorsnulated with different concentrations bfcysteine and
ascorbic acid are shown in Table 1. In all cases,nfumber of viable cells increased, although nathe same
proportion. Similarly, adding the reducing agemividually or in combination produced greater @gation of the
microorganism (Table 1).

Table 1 Average Log CFU/mL ofLactobacillus casei in milk with different concentrations of L-cysteine and/or ascorbic acid

System Ascorbic Acid L-Cysteine Day 0 Day 5
(ppm) (ppm) (Log of CFU/mL) (Log of CFU/mL)
1 (control) 0 0 6.11 £0.78 8.14 +0.9F
2 0 100 6.23 £0.79 8.19 +0.9%
3 0 200 6.20 +0.79 8.19+0.9%
4 100 0 6.23 £0.79 8.19+ 0.9F
5 100 100 6.14 +0.79 8.19+ 0.9F

The effect of addingi-cysteine individually in this study (Table 1) shalen important effect on the propagation of
L. casej most notably when 200 ppm of the amino acid veeldged. Significant differences are appreciatedimdui
concentrations of the amino acid in comparisonde of ascorbic acid. These differences suggest_ togsteine
facilitates the development bfcaseisince it promotes a decrease in the amount of@xyg the medium, having
the same effect when used in combination with dscacid or individually.

After the 5-day incubation period, there was arrdase in the number @&f caseicells, as shown in Table 1,
compared with the control (O ppm ascorbic acidpflp- cysteine). These results are similar to thosented by
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Cer6n, 2008 [29], who determined the viability lof caseiin milk, and those of Blanchet&t al (1996) [8]who
determined the viability oB. infantisand found acceptable counts after 5 days, butgiblgicounts after 28 days of
storage. A similar result was reported by Dave 8heh (1997¢) [20], and by Talwalkar and Kailasapd#904)
[14]who showed that the addition of ascorbic aoigtobiotic yoghurt helped the survival of lactidabacteria and
attributed the beneficial effects to the reductidrdissolved oxygen content and to the decreasgoixrpotential.
These authors suggest using 250 ppm of ascorliddragirobiotic yoghurt to maintain low levels ofdax potential
during at least 20 days of storage and ensureutivéval of L. acidophilus.

Our results can be compared to those obtained g Bad Shah (1997b) [16],who showed that concéotisiof
250 and 500 ppm df-cysteine enhanced the growthlofacidophilusn contrast to those systems with lower (50
ppm) or zero concentrations of the amino acid. §dmae observation has been made by other researkimarst al.
(2002) [18] reported similar results to those afedi in this study, addinlg- cysteine as a redox potential reducing
agentto four different brands of commercial yoghartd evaluated the survival bf caseias a probiotic. These
authors observed that the medium produced the aptilanvironment for the growth and development @$ th
microorganism, when the yoghurts were kept in gefiated storage for 10 days. In another similadystonducted
by Dave and Shah (1998) [31], the addition of dy&teconcentrated serum proteins, casein hydradgzand
tryptone were effective in enhancing the viabilifybifidobacteria in yoghurt containing alko acidophilusandS.
thermophiluswhile the viability ofL. acidophilusvas only increased by the addition of cysteine.

In addition, L-cysteineis an amino acid containing sulfur, wharhaisters amino nitrogen as a growth factor for
lactic acid bacteria and at the same time reduteesadox potential favoring the growth of theseesabic bacteria
[16]. Talwalkar and Kailasapathy (2004) [14], mentthat a property of ascorbic acid dndysteineis that they act
as oxygen scavengers and maintain a low redox palteo that appropriate conditions are providadiie viability

of the probiotic bacteria.

Along the same lines, one of the compounds that @&tan oxygen scavenger is ascorbic acid, redticengedox
potential and increasing the propagation of laatic bacteria, such as in the casd.o€asei[32]. Talwalkar and
Kailasapathy (2004) [14]considered oxygen toxititybe responsible for the cell death of lactic baat These
authors report that ascorbic acid also reducesxrpdtential, observing that in many cases it istneffective when
used in combination with-cysteine.

Furthermore, a pH reduction in the milk was obsérivem 6.7 to 4.0-4.7, due to the production ofitaacid during
fermentation, and in some cases the acidificationeiases along incubation time storage, probal#ytdl. caseas
a homofermentative bacterium produces lactic atlte acidity of these products is one of the mo#uémtial
factors in maintaining the viability of probioti@abteria[22, 30].

Donkoret al. (2006) [33]have observed a greater survival rate. @cidophilus L1GandL. paracasei L2 the acid
conditions of yogurt, and attribute this qualitytte susceptibility of the microorganisms to orgaacids and the
pH reduction during product storage. However, tasise to the acid medium is strain-dependent[34].

In another study, Schillingest al. (2005) [35]observed no reduction in the populatdL. rhamnosus G@nd two
strains of the.. Caseigroup when exposed to a simulated gastric fluid Zo&thd pepsin) with the addition of milk,
while the same strains had shown an almost tatal & viability in the same experiment, but withthe addition of
milk. Likewise, Vinderolaet al[37] showed that the viability of different prokio bacteria was better sustained in
an acid medium (pH 2 and 3) when incorporated attheese homogenate than when used in lyophilized. f
Gardineret al (1999) [36]also found a protective effect of yaghon the viability of a probiotic strain of
Enterococcus$n gastric fluid at pH 2.0, which increased to 3ater the addition of the food. These authors satyg
that this buffer effect was not solely responsiblethe protection, but that other factors alsotdbaoted, such as the
presence of extracellular polysaccharides, due tgreater reduction in viability being observed whtme
microorganisms were directly exposed to a gasiid it pH 3.65. In another study, Shishata anch§h899) [17],
demonstrated that reducing the pH in ultra-pastedrimilk to values around 4.6 (optimal pH for thevgh of
lactic acid bacteria), produced the propagatioh.cécidophilus.Furthermore, Shah (2000) [34]proved that when
the pH of a real system (yogurt) drops to valuss taan or close to 3.0, the propagatioh.ofaseiis reduced due
to the high concentration of lactic acid. This effevas corroborated in this study, which used ragkthe model
system. However, addirigcysteineto reduce the redox potential increasedtinvival of the probiotic, reaffirming
that the amino acid is a powerful reducing agemihaecing conditions for the removal of dissolveggen, which
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favors the development afcasei It is also known that lactic acid bacteria (LABNn produce sulfur-containing
compounds that are responsible for the distinciirema of cheese, due to the contribution of SH ggoand the
redox potential, which gives flavor to dairy protkf38].

There are reports on the effect of adding differgrawth promoting substances to milk in combinatisith
proteins, enzymes and other substances; howevemsjority of the works published do not give adividual
evaluation or in combination with ascorbic acid &ndysteine. There is insufficient data in the lglaphy on the
interactions of these two reducing agents and #fédct on probiotic bacterial growth, which is ior@ant to know
for maintaining probiotic viability in milk.

In the context presented here, the development it with probiotic bacteria in combination with redng

substances provides an excellent opportunity tadaw new functional food. In recent years in Mexias in the
rest of the world, a large number of yogurts antksnivith added probiotic bacteria have appearethermarket,
due to the relative novelty of this type of foodheTresults obtained in this study provide the diidustry with an
opportunity for economic spread, as well as to ma&inthe viability and probiotic characteristicstbe products
into which they are introduced throughout the praeplan process and storage, when the microorganiees be
subject to different stress conditions.

TablelAverage Log CFU/mL ofLactobacilluscasei in milk with different concentrations of L-cysteine and/or ascorbic acid

System Ascorbic Acid L-Cysteine Day 0 Day 5
(ppm) (ppm) (Log of CFU/mL) (Log of CFU/mL)

1 (control) 0 0 6.11 +0.78 8.14 +0.9%
2 100 6.23 +0.79 8.19+0.9%
3 0 200 6.20 £0.79 8.19+0.9%
4 10C 0 6.23 +0.7'° 8.19+0.9:°
5 100 100 6.14 +0.79 8.19+ 0.9F
6 100 200 6.20 £0.79 8.25+0.92
7 20¢ 0 6.14 + 0.7¢ 9.20 £ 0.9f*
8 200 100 6.20+ 0.79 10.20 £1.01
9 200 200 6.23+ 0.79 10.18 +1.01

@ Averages with different letters in columns areniigantly different (p<0.05)

CONCLUSION

This study showed that the individual use of th@uoing agentd.-cysteine and ascorbic acid is effective for the
propagation of. casei.The reduction of the redox potential, adding asicosloid and_- cysteine could be used to
select, adapt and propagate theaseistrain for use in fermented milk products. For fatworks we recommend
the analysis of the effect of reducing the redoeptial on the pH and acidity of fermented milk gwmots with
added probiotics.
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