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Potentiality of yeasts obtained as beer fermentation residueto be used as
probiotics

Abstract

Beer is the most consumed alcoholic beverage wadkeland brewery is a growing industry.
Biomass by-product of beer production is constduig viable and non-viable flocculated
yeasts which are discarded. To increase the vdltlesovaste, the potential applications of
the beer fermentation resid{B~R) as probiotic and bio-preservative were stild&rains
isolated from commercial brewing starters and Bi#@ee identified. The M6 BFR and its
constituent strainsSaccharomyces cerevisiae CMUNLPY6.2 andPichia kudriavzevii
CMUNLPY®6.1, proved to be the most resistant to gastestinal conditiongn vitro. The
cell-free supernatants obtained from micro-fermigona were capable to redudspergillus
flavus and Aspergillus parasiticus germination, two species well-known to producepbtent
carcinogenic aflatoxin B(AFB;). A cytoprotective effect of the BFRs against ARB
HepG2 cells was observed. Brewing yeasts bound,Af-ftro, thus reducing the cell
damage induced by the toxin. Throughout the styessts grown in brewing wort showed
better probiotic properties than the same yeastsmgin YPD broth. These results suggest

that the wastes obtained from brewery would becarhigh-value probiotic product.
Keywords. Brewing yeast; beer fermentation residue; aflatdi binding; probiotic.
1. Introduction

Beer is the most popular alcoholic beverages waddyand the third most consumed after
water and tea. Global beer production has ris¢hdarast decades, reaching 1.95 billion
hectoliters in 2017 (Statista, 2018). Typicallye Bimount of brewing yeast biomass yield in

lager fermentation is about 1.7 kg/m2.3 kg/nf of final product (Ferreira, Pinho, Vieiraa &
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Tavarela, 2010). This nutritive beer fermentatiesidue (BFR) is mostly discarded or utilized
as feedstuff (Ferreiret al., 2010).

Growing efforts are aimed to search probiotics asaegy for human health promotion and
disease prevention. According to the Food and Aijtice Organization and the World Health
Organization, a probiotic is “a live microorganisvhich, when administered in adequate
amounts, confers a health benefit to the host” (RKXBO, 2002). Lyophilized

Saccharomyces cerevisiae var. boulardii is a probiotic yeast used worldwide for the
prevention and treatment of diarrheal diseasesr(Cka, Piche & Rampal, 2007). Brewing
yeasts, specifically species belonging to$aecharomyces sensu stricto complex have
morphological and physiological similarity wigh boulardii (van der Aa Kiihle & Jespersen,
2003) and share cell wall compounds identified@ssjle responsible f@. boulardii

probiotic effect (Ferreirat al., 2010). van der Aa Kihle, Skovgaard & Jesper260X)
conclude that certai cerevisiae strains have potential as probiotics as they bieta

tolerate low pH and bile and to reduce the intefimo-inflammatory response during
bacterial infections. These reports reinforce qapraach of studying brewing yeasts as
potential probiotics.

On the other hand, there is a concern about tleetedf mycotoxin consumption through
contaminated food on human health. Mycotoxins angél carcinogenic metabolites
produced mainly byAspergillus, Penicillium andFusarium genera (Pitt & Hocking, 2009).
These fungi may develop in stored food and/or raatemnmal, producing thermotolerant
mycotoxins. As a strategy to face this problennas proposed that mycotoxins can be bound
by certain yeasts, avoiding the toxin absorptiothengut and preventing disease (Fernandes
Oliveira, Bovo, Corassin, Vincenzi Jager & Ravintrdha Reddy, 2013). The ability of dead
brewing yeasts to bind mycotoxins such as aflat®si(AFB;), deoxynivalenol (DON),

zearalenone (ZEA) and ochratoxin A (OTA) has begorted (Campagnoki al., 2015;
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Bovo, Franco, Rosim, Barbalho & Fernandes de Qby&l015). As an alternative strategy to
counteract mycotoxins, the development of new lbes@rvative supplements which prevent
fungal germination in raw material, stored food &melstuff are desirable. Armaneioal.
(2013) conclude that the straiiscerevisiae RC008 and RC016 can be considered effective
biocontrol agents again8spergillus carbonarius andFusarium graminearum. Also, these
strains reduce OTA, ZEA and DON production in eorimental conditions related to
feedstuff storage. Previous reports support theotigeasts as biocontrol agents in food and
beverage production (Shetty, Hald & Jespersen, ;2Bl@ve, Grieco, Cozzi, Logrieco &

Visconti, 2006).

Abovementioned mentioned reports on differ@rderevisiae strains suggest that brewing
starters could be potential probiotics. The ainthaf work was to study the potential AFB
binding capability of yeasts obtained from BFRs #ralr effect on AFB cytotoxicity on a
cell model. Additionally, antifungal effect of BFRgainst aflatoxicogenic fungi was

evaluated.

2 Materials and methods

2.1 Srains: origin and culture conditions

Four brewing yeast consortia and eight yeaststswirom these consortia were studied.
Starters M4 and M6 were kindly provided by regiomaine brewers as BFRs. Consortia
Safbrew S-33 and Safbrew WB-06 (Fermentis, Lesdffi@cqg-en-Baroeul, France) are
commercial freeze-dried brewing yeasts which weoemnstituted in YPD broth (yeast extract

10g/L, bacteriological peptone 20g/L, dextrose g/

The yeasts were grown in three different conditi@)sL0.0 ml YPD broth at 30°C for 48 h;
b) Laboratory Scale Brewing Wort (LSBW) culturesl®f0 ml sterilized brewing wort,

original gravity (OG) of 1040 [equivalent to 9.9Bfix], at 30°C for 72h; ¢) 700.0 ml
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sterilized brewing wort, OG of 1040, at 18°C uatlenuation point, in order to harvest the
yeast biomass residue, called BFR. The attenupbort was defined as the end of wort
fermentation, obtaining the lowest sugar contenafspecific yeast strain, measured by a
hand-held refractometer Master 20T (Atago, Tokapah). The brewing wort was kindly

provided by local home brewers and sterilized kpeaving.

Aflatoxicogenic strains ofAspergillus parasiticus CMUNLP7 (Gambaet al., 2015) and
Aspergillus flavus CMUNLPI5 (formerly calledA. flavus PJA [unpublished], kindly provided
by Professor Vero [Universidad de la Republica,duiay] and designed according to the
instructions of the Cathedra of Microbiology’s eation), obtained from collection of
Cathedra of Microbiology (UNLP, Argentina), wereogin on Potato Dextrose Agar (PDA,

Britania, Buenos Aires, Argentina) slants for 7 slay 30°C to induce sporulation.
2.2 Cédll Cultures

The human hepatocellular carcinoma cell line Hep@2 obtained from the Multidisciplinary
Institute of Cell Biology (IMBICE, Buenos Aires, gentina). These cells have shown to keep
many parenchymal cell functions (Gutierrez-RuiQ9P HepG2 cells were routinely
maintained according to Gamébtaal. (2015). Monolayers were prepared in 48-well #&ssu
culture plates (Greiner Bio One, Frickenhausenn@er) by seeding with a solution of°10
CFU/mL (0.25 mL/well). Cells were used for bioassagcording to the corresponding

experimental protocol (Oet al., 2012).
2.3Isolation and identification of yeasts strains

Differentiated giant colonies were obtained as dieed by White & Zainasheff (2010), with
minor modifications. An overnight YPD broth cultuvéeach consortium was counted in
Neubauer’'s chamber and diluted in sterile PBS byffeosphate-buffered saline solution) to

obtain 50 cells/mL suspensions. 100 pL of the susipas were plated in YGC agar (Biokar)

4



97 and incubated at 30 °C for 7 days. After incubatmolonies with different morphologies and
98 textures were isolated in YGC agar until unique photogy was observed. The isolated
99 yeasts were maintained in YPD agar slants (yedsa@XL0g/L, bacteriological peptone 20g/L,

100 dextrose 20g/L, 20g/L agar agar) at 4°C.

101  Yeast total DNA amplification from pure culturessmdone by colony PCR (Mirhendi, Diba,
102  Rezaei, Jalalizand, Hosseinpur & Khodadadi, 2086)guthe primers ITS1 5'-

103 TCCGTAGGTGAACCTGCGG-3'and ITS4 5-TCCTCCGCTTATTGATAC-3' (White,

104  Bruns, Lee & Tailor, 1990), provided by Invitrogeompany (Thermo Fisher Scientific Inc.®,
105 MA USA). PCRs were carried out in a g0 final volume, using LiL of the DNA template,

106  200umol/L of each dNTP, 0.2bmol/L of each primer, 2.5 mmol/L of Mg&I110X buffer

107 and 0.75 U of Taq DNA polymerase (Inbio Highwayndi#& Argentina). PCR program

108  consisted in a 4 min initial denaturalization sa&@®5°C, followed by 30 cycles of a

109  denaturalization step at 95°C; an annealing st&»d for 30 s; an extension step at 72°C for
110 1 min; and a final extension step at 72°C for 5.rfiime amplification products were analyzed
111 by electrophoresis on 0.8% p/v agarose gels béheyewere submitted for sequencing

112 (Macrogen, Seoul, Korea). Data analysis was perdraosing BioEdit Sequence Alignment

113 Editor for Windows and BLAST algorithm from NCBI i@édase.
114 2.4 Resistance to simulated gastrointestinal (Gl) conditions

115  The procedure was performed according to Minakas. (2014). Briefly, consortia and

116  strains YPD cultures were harvested, washed twitteptysiologic solution (PS, NaCl 0.9 %
117  plv, pH 7.0), counted in Neubauer’s chamber arsLispended to a final concentration of 10
118 - 10’ CFU/mL in Gastric Solution (3.0 g/L porcine pems[Sigma-Aldrich, St Louis, MO,

119 USA] in sterile PS and pH adjusted to 2.5 with BGhol/L) pre-heated at 37°C and

120 incubated for 2 h. Afterwards, yeasts were harngestashed twice and re suspended in
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Intestinal Solution (1 g/L porcine pancreatin [Sag#ldrich] and 70 g/L bile salts (Britania
S.A., CABA, Argentina) in sterile PS and pH adjuakte 8.0 with NaOH 1 mol/L) pre-heated
at 37°C and incubated for 2 h. Aliquots of eactpsuasion were taken before incubation, after
the simulated gastric digestion and after the satedl intestinal passage. Samples were

enumerated in YPD agar.
2.5Fungal germination reduction by cell-free supernatants (CFS)

CFS were obtained by centrifugation and steritedfilon of brewing yeasts grown in YPD
broth and in brewing wort (micro-fermentation83¥pergillus sp. strains were cultured on
sloped PDA and suspensions of §pores/mL were obtained with a “spore solution” of
0.01% w/v Sodium Lauryl Sulfate (SLS) and 1% w/wison chloride solution (Gambat al.,
2015). A 96-well sterile microplate was inoculateith 190uL of CFS plus 1QiL of the

spore suspensions. As a positive control of fuggamination, wells were seeded with O

of the spore suspension plus 180of sterile YPD broth or brewing wort. As negatieentrol
wells were plated with sterile YPD broth or steblewing wort plus 1QL of the sterile

“spore solution”. The microplate was incubated@f@ for 48 h. The fungal germination was
measured spectrophotometrically at 580 nm (Beckidlar650, Palo Alto, USA). The rate of

germination inhibition/reduction was calculated@fows:
A=[1-(B-D/C-D)]*100 [1]

Where A is the percentage of fungal germinatiomucéidn; B is theDDsg of the treatment; C

and D are th®Dsg of the positive and the negative controls, respelgt
2.6 Aflatoxin B; (AFB;) solution preparation

Crystalline AFB was purchased from Sigma Aldrich (St Louis, MO AYSStock solutions

were prepared in acetonitrile/benzene (98/2). Matha working stocks were prepared by
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evaporating the acetonitrile/benzene mixture aodmnstituting in methanol. ARB
concentrations were determined spectrophotomdiriaaB54 nm £354= 19,800 mol/tm)

and stocks were stored at -20°C. Aqueous work isoisitvere prepared in sterile PBS.
2.7HepG2 cell damage induced by AFB;

The cell damage induced by AFRB HepG2 cell line was assessed according to Gatrdda
(2015). Briefly, HepG2 cells were incubated witf OFU/mL yeasts re-suspended in
DMEM (Dulbecco's Modified Eagle Medium, Merck, Dastadt, Germany) with added AFB
and incubated at 37 °C in 5% g@tmosphere for 24 h. Positive (DMEM plus AlfBnd
negative (DMEM without AFB) controls were included. After incubation, cellgpernatants
were collected and lactate dehydrogenase (LDHYyiactvas quantified by LDH-P UV
Unitest kit (Wiener Lab, Rosario, Argentina) usagpectrophotometer (Beckman DU 650).

Data were analyzed according to the kit manufactasgructions.
2.8 AFB; binding assay

The AFB, binding assay was performed according to BuensalgaPizzolitto, Salvano &
Oliver (2007), with modifications. Yeasts were waghwice with sterile PBS, counted in
Neubauer’s chamber, re-suspended in A§@ution to obtain suspensions containing 10

CFU/mL and incubated at 30°C for 30 min with agaat(300 rpm).

Then, cells were harvested by centrifugation ardstipernatant containing unbound AFB
was collected and stored at «@0until quantification. Positive (PBS + mycotoxeamd
negative (PBS + yeast) controls were included llogxperiments. AFBwas quantified
following the manufacturer recommendations of Aflah competitive direct ELISA test

VeratoX’ (Neogen Corporation, Lansing, USA).
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The mycotoxin bound by yeasts was calculated acuptd Campagnolet al. (2015) as

follows:
A=[B-(C-D)]/B*100 [2]

Where A is the percentage of AFBdsorbed by the yeasts, B is the concentratidx&f;
added to buffer (300 ppb in PBS), C is AR®ncentration in supernatants after incubation

with the yeasts and D is the concentration of abgrferences in the negative control.
2.9 Smulated human Gl digestion effect on AFB,/yeasts complex

After AFB; binding assay, yeasts were harvested by centtiugand challenged to Gl
passage as described in section 2.4. To prevefiingasut of the adsorbed ArBvashes
with PS between gastric and intestinal incubatisese avoided. Immediately after each
incubation, cells were centrifuged and aliquotthef supernatants were taken for
guantification of the released AEBControls were performed with yeasts incubatedBis.
The percentage of released mycotoxin by yeastadh ecubation step was calculated as

follows:
A= (BI/C) * 100 [3]

Where A is the percentage of AFRleased by yeasts, B is the concentration of AFB
guantified in the supernatant after the incubatéorg C is AFB concentration in PBS without

yeasts.
2.10Satistical analysis

Results were graphed by Sigmaplot fosbftware. The results of three independent assays

are presented as the mean values + standard deviBifferences in all parameters were



187  tested for significance by the analysis of variaff/ddOVA) and Tukey test to determine

188  significant effects at P < 0.05 by using Sigmaple® software.
189 3 Resultsand Discussion

190 3.1lsolatesidentification and human Gl resistance

191  Yeast strains used in this study were obtained fawal brewers or commercial starters

192  bought in local markets. All isolates where ideatifby sequencing of ITS1/ITS2 region as
193  Saccharomyces cerevisiae, except for the CMUNLPY®6.1 strain isolated from starter,

194 identified asPichia kudriavzevii (Table 1). This is to be expected, sifsaecharomyces sp. is
195 the traditional brewing yeast, beigcerevisiae mainly used for ale beer production (White
196 & Zainasheff, 2010)Pichia kudriavzevii strains are usually isolated from other fermented
197  products such as Tanzani@mgwa (Hellstrom, Almgren, Carlsson, Svanberg & Andk@12);
198  Ghanaian fermented mikunu (Akabandeet al., 2013); and fermented cereal groei

199  (Ogunremi, Sanni & Agrawal, 2015).

200 Survival through the gastrointestinal conditiondesirable in the selection of probiotics,

201 since viability plays a significant role in somenbécial properties (Diosma, Romanin, Rey-
202  Burusco, Londero & Garrote, 2013). Thus, the rasist of the microorganisms to the human
203  gastrointestinal passage simulateditro was studied. As a standard method indicates

204  (Minekuset al., 2014), we tested the yeasts grown in YPD brbdble 1 shows that all the

205 studiedS cerevisiae strains displayed a good resistance to Gl condifivith no significant

206  reduction (P>0.05) in the counts for most stra@gxsept for CMUNLPY4.1, CMUNLPY4.2

207 and CMUNLPY33.1 (P<0.05). Among the last four, retibns were between 58% and 79%
208 regarding the initial viable counts, showing anrallegood tolerance db. cerevisiae strains

209 to Gl passage. Our results agreed with previousrtepf high resistance to the Gl passage of

210  Saccharomyces sp. strains isolated from beer, wine and grapé (@isRodriguez,



211  Carrascosa & Requen2015).P. kudriavzevii was the only strain fully capable to survive the
212 Gl passage, even increasing its colony counts. @dtsavior was previously reported for

213 differentPichia strains (Greppét al., 2017; Chelliah, Rani Ramakrishnan, Prabhu & Agfo

214  2016). Regarding consortia behavior, M6 showed#st resistance among the starters tested;
215 and increased its counts after simulated passa@édonditions. This could be explained by

216  P. kudriavzevii presence in this starter.

217 S cerevisiae strains, in particula®. cerevisiae var. boulardii, isolated from many fermented
218 food and beverages, have been extendedly studigotestial probiotic yeasts (Tiagbal.,

219  2012; Shettyet al., 2007; van der Aa Kuhlet al., 2005).P. kudriavzevii, which has got the
220 GRAS status (Kurtzman, Fell & Boekhorst, 2011), basn isolated from different fermented
221  and non-fermented beverages and foods, and idshaf a potential probiotic (Grepapial .,
222 2017; Chelliatet al., 2016; Diosmat al., 2013; Akabandet al., 2013). To the best of our
223  knowledge, there are no reports of probitichia strains isolated from barley beer. In order
224  to investigate botsaccharomyces andPichia as potential probiotic yeasts, further studies
225  were performed with the M6 starter and its str@ihskudriavzevii CMUNLPY6.1 andS.

226  cerevisiae CMUNLPY6.2) because of their good tolerance to Anr@l conditions. The same
227  simulated human Gl passage was performed with ygastvn in brewing wort (at laboratory
228 and micro-fermentation scale). BFRRfkudriavzevii CMUNLPY6.1 displayed no

229  significant reduction (P>0.05) in viable countspwing a behavior similar to its YPD broth
230 cultures at the end of Gl passage (Table 2). Allythasts cultured in LSBW showed a

231 significant reduction (P<0.05) after Gl passage garad to their initial counts, while YPD
232 broth cultures did not (P<0.05). This could indécatculture conditions dependence of the
233 tolerance to Gl passage, regardless of the ygast.dtlowever, M6 starter aril

234  kudriavzevii CMUNLPY6.1 showed no differences (P>0.05) in viatents between the

235 three culture conditions (YPD broth, LSBW and BFRER}he end of the assay, whereas BFR

10
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of S cerevisiae CMUNLPY6.2 significantly reduced (P<0.05) its cosicbmpared to the
other culture conditions.

BFRs of M6 starter anfl. cerevisae CMUNLPY6.2 significantly decreased (P<0.05) its
viable counts after the Gl passage. This increasaditivity to Gl conditions of brewing wort
cultures compared to YPD broth cultures may bearpt by extensive changes in the
composition and structure of the cell wall indutgdermentation in a complex and sugar
concentrated medium such as brewing wort (Boul26d,7). The longer and stressful
exposure to micro-fermentation conditions, whictiude depletion of @(affecting sterols
membrane composition) and lowering of pH, addeithécosmotic stress of brewing wort
(Boulton, 2017). The effects on the reduction @f ¥iable counts after Gl passage were no
significant (P>0.05) foP. kudriavzevii CMUNLPY®6.1 (Table 2). The ability d®.

kudriavzevii CMUNLPY6.1 cultured in YPD broth to grow under tteessful GI conditions
could explain this result as an overall higherstasice of this strain, regardless of the culture

conditions.

3.2Fungal germination reduction by CFSs obtained from brewing yeasts

A. parasiticus andA. flavus are two species capable to produce ARBmycotoxin with
deleterious effects on human health including afi@bsis, immunosuppression and liver
cancer (Kew, 2013; Pitt & Hocking, 2009). Fungairgmation inhibition and the consequent
prevention of the aflatoxin production is one pbksstrategy to reduce their impact. Thus,
the capability of CFSs obtained from brewing ye&st®duce these fungi germination was
studied (Fig. 1). The CFS obtained from micro-fentagéion culture conditions showed
significant reduction (P<0.05) of the fungal geration, whereas the CFS obtained from the

YPD showed no inhibitory effecA. flavus CMUNLPI5 germination was reduced by all the

11
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CFSs obtained by micro-fermentati@k.parasiticus CMUNLP7 was inhibited by M6 starter
andS. cerevisiae CMUNLPY®6.2 but not byP. kudriavzevii CMUNLPY6.1.

3.3Brewing yeasts effect on HepG2 cell damage induced by AFB;

Aflatoxin deleterious effects on health occur duég accumulation in the liver. Thus, human
hepatocarcinoma cell line HepG2 has been propasad@odel for aflatoxistudies (Mc
Keanet al., 2006). Cell damage, associated with the levéahte dehydrogenase released
by eukaryotic cell wall permeabilization, can bdirectly quantified as LDH activity
(Legrand et al., 1992). Gambial. (2015) reported that different amounts of AkBluce
dose-dependent damage in HepG2 cells. Brewingg/qastective effect upon HepG2 cells
exposed to 500 ng/mL ARBuspension was demonstrated. Moreover, the presénc
brewing yeasts recovers the basal LDH activityariehallenged HepG2 cells (Fig. 2). This
is the first report about the protective effecboéwing yeasts on HepG2 cells against AFB

cytotoxic effect.

3.4 AFB; binding by brewing yeasts

The cytoprotective effect observed on HepG2 celldadbe explained by
reduction/elimination of the aflatoxin availableiteract with cells. Our results indicate that
BFRs (with no pre-treatment) and LSBW cultures libbatween 80% and 90% of the AFB
present in the medium, while YPD broth-culturedsgedarely attached 8% to 20% (Table 3).
Previous reports support the key role of yeastwall in its detoxifying capability, since the
mechanism involves the molecule adsorption on #astysurface (Buerab al., 2007,
Yiannikouriset al., 2004). Consequently, differences in the stricamd composition of the
cell wall are related with yeasts competence td lorycotoxins. Our hypothesis is that
growing in a complex medium such as brewing walttizes an extensive rearrangement in
the yeasts cell wall (Boulton, 2017), which enhanttesir mycotoxin binding capability. This

fact reinforces the approach of using BFR instdddlmratory cultured yeasts as potential

12
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detoxifying agents. Previous reports demonstrdtatidried brewing yeasts and brewing
yeasts-based products bind AHBoncalves, Rosim, Fernandes de Oliveira & Conassi
2015; Campagnolet al., 2015; Boveet al., 2014). While these authors used dried yeasts, in

this report BFRs without any pre-treatment wergetéand found to bind ARB

3.5BFR yeast AFB; complex stability through Gl passage

We evaluated the stability of the BFR/AF&mplex during the Gl passage. According to
Moslehi-Jenabian, Lindegaard Pedersen & Jespe?®df), theS. cerevisiae-AFB; complex

is stable during the passage throughrantro Gl model and the treatment enhanced yeast
binding competence up to 78% of total added tokfter gastric and intestinal incubations,
remaining AFB in supernatants (de-attached) was measured. Botf sonditions (gastric

and intestinal) affected the yeast/mycotoxin comphecording to our results.

kudriavzevii CMUNLPY®6.1 andS cerevisiae CMUNLPY6.2 lost about a 25% of the bound
mycotoxin (Table 4), remaining 54% of the initialded AFB strongly attached. For the M6
starter, this percentage significantly (P<0.05)yeased to 56%. This suggests that most of the
initial mycotoxin ingested would not be potentiadligsorbed in the gastrointestinal tract but

excreted together with the yeasts in feces.

4. Conclusions

In order to improve BFR value, the potential apgiiens of this waste as probiotic and bio-
preservative agent were studied. We demonstrasgdvif brewing starter arfé. kudriavzevii
CMUNLPY6.1 andS cerevisiae CMUNLPY®6.2 isolated from this starter can tolerate
gastrointestinal conditions simulatedvitro. The micro-fermentation supernatants showed
fungal germination reduction of the aflatoxin prodts’A. parasiticus andA. flavus.
Moreover, BFRs were able to bind AF8nd decreased the cytotoxic effect of Al

HepG2 model. The stability of the AlReast complex through the Gl passage secures the
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elimination of more than the 50% of the initial AF@esent in the medium. Furthervivo
studies are required to corroborate these redulis.is the first report of BFR (without any
pre-treatment) withn vitro Gl resistance and cytoprotective effect againdBAén cell
model. Food supplemented with BFR would be an @sténg application, and these results

reinforces this course of investigation.
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Table 4. Aflatoxin B (AFB;) desorption duringn vitro simulated gastrointestinal passage.

AFB; desorption**
*

BFR After gastric After intestinal
o Total (%Y

digestion (%) passage (%)
P. kudriavzevii CMUNLPY®6.1 12.9 + 0.2% 12.2 +0.2" 25.1+ 0.4"
S. cerevisiae CMUNLPY®6.2 13.1 +0.2% 12.8 +0.2'F 25.9+ 0.3°
M6 starter 12.1 + 03F 10.7 +0.P¢ 22.8+0.%

*BFR (beer fermentation residue). **ARBvas determined by ELISA kit Verat8x

(Neogen Corporation, St. Louis, MO, USA), accordioghe manufacturer

instructions! Rate of de-attached aflatoxin was calculated vétfard to the added

AFB; in the binding assay buffer (300 ppb). Data aramset standard deviations

from three experiments in duplicate. Means withie $ame row with different

lowercase letters are significantly different (B.€5). Means within the same column

with different capital letters are significantlyfférent (P < 0.05).




Table 1. Resistance of brewing starters and isthg@sts ton vitro simulated human

gastrointestinal (Gl) passage.

Brewing starter/

Initial count

After simulated

After simulated

Identification

) gastric digestion intestinal passage| by ITS1-ITS2
isolated yeast (log CFU/mL) _
0g m og m amplicon
(log CFU/mL) (log CFU/mL) |

M6 starter 7.12 +0.1G 7.11 + 0.07 7.24 + 0.067
M4 starter 7.71 £ 0.0F 7.73+0.08 7.19 + 0.047°¢
Safbrew S-33 6.85 + 0.07 7.27 £ 0.10 6.70 + 0.27¢
Safbrew WB-06 7.21+0.1F 7.26 +0.08 7.06 + 0.08/°P
CMUNLPY6.1 7.08 + 0.0% 6.97 + 0.08 7.22+0.01"° P. kudriavzevii
CMUNLPY®6.2 7.21 +0.03" 7.41 +0.04 6.78 + 0.09°CP S cerevisiae
CMUNLPY4.1 7.91 + 0.09 7.86 +0.0F 7.23 + 0.0878 S cerevisiae
CMUNLPY 4.2 7.67 £0.02 7.75+0.03 7.04 + 0.0375¢P S cerevisiae
CMUNLPY 33.1 7.29 + 0.06 7.31+0.0F 6.90 + 0.1P/5¢P S cerevisiae
CMUNLPY 33.2 7.18 £ 0.07 7.26 +0.06 6.84 + 0.087F¢P S cerevisiae
CMUNLPY WB.1 7.08 +0.14 7.14 +0.04 6.52 + 0.12P S cerevisiae
CMUNLPY WB.2 7.09+0.17 7.01 +0.04 6.85 + 0.27/°CP S cerevisiae

M6 and M4 consortia are harvested for re-use brgweasts kindly provided by local
home brewers. Safbrew S-33 and Safbrew WB-06 (Fetimé_esaffre, France)
consortia are commercial freeze-dried brewing yeasich were reconstituted in YPD
broth for the assay. CMUNLPY6.1 and CMUNLPY®6.2 wera@ated from M6 starter.
CMUNLPY4.1 and CMUNLPY4.2 were isolated from M4 régs. CMUNLPY33.1 and

CMUNLPY33.2 were isolated from Safbrew S-33 sta®@vIUNLPYWB.1 and

CMUNLPYWAB.2 were isolated from Safbrew WB-06. Data means + standard

deviations from three experiments in duplicate.

Data expressed as means * standard deviationgHiree experiments in duplicate.

Means within the same row with different lowercttters are significantly different (P

< 0.05). Means within the same column with différeapital letters are significantly
different (P < 0.05).




Table 2. Beer fermentation residue’s (BRF) resistanin vitro simulated human

gastrointestinal passage.

Isolated yeast/

brewing starter

Initial count

(log CFU/mL)

After simulated gastric]

digestion

(log CFU/mL)

After simulated intestina

passage

(log CFU/mL)

P. kudriavzevii LSBW* 7.69 + 0.02 7.24 +0.07 6.88 + 0.0P"F
P. kudriavzevii BFR** 7.15 + 0.0G 6.70 + 0.06 6.29 + 0.14"8
P. kudriavzevii YPD' 7.08 + 0.058 6.97 +0.08 7.22 + 0.07%"
S cerevisiae LSBW* 7.62 +0.0F 7.19 +0.14 6.61 +0.12"°
S. cerevisiae BFR** 8.05 + 0.05 6.18 + 0.14 4.64 + 0.65F
S cerevisiae YPD! 7.21 +0.03° 7.41 +0.04 6.78 + 0.09"®
M6 starter LSBW* 7.59 + 0.0% 7.34 +0.09 7.18 £+ 0.1P"®
M6 starter BFR** 7.37+0.1% 6.70 + 0.36 6.41 £ 0.18"8
M6 starter YPD 7.12 +0.16 7.11 +0.07 7.24 + 0.09"

* LSBW, stands for Laboratory Scale Brewing Worltere, 10.0 mL agitated brewing

wort cultures at 30°C for 72 h, as described iise@.1. ** BFR, stands for Brewing

Fermentation Residue, 700.0 mL brewing wort culae18°C without agitation, till

attenuation point was reached (approximately 1&Yjags described in section 2°1.
YPD broth culture, 10.0 mL agitated YPD broth crgsiat 30°C for 48 h, as described

in section 2.1.

Data expressed as means * standard deviationgliree experiments in duplicate.

Means within the same row with different lowerchtters are significantly different (P

< 0.05). Means within the same column with différeapital letters are significantly

different (P < 0.05).




Table 3. Aflatoxin B (AFB,) binding by brewing yeasts.

AFB; bindind
Microorganisms

YPD* broth cultures (%)| LSBW cultures** (% BFR**(%)

P. kudriavzevii
4.7 + 2.8 83.8+0.0° 79.2+1.4

CMUNLPYG6.1

S cerevisiae
7.7+0.9 83.8+0.0° 79.0+ 0.0

CMUNLPY6.2
M6 starter 78+48 83.7+0.7 79.1+0.T

T Aflatoxin B; was determined in supernatants by ELISA kit VeratiNeogen
Corporation, St. Louis, MO, USA), according to thanufacturer instructions. Data are
means * standard deviations from three experimerdaplicate. Lowercase letters
indicate statistically significant difference (0<05) between different media for the
same strain. ¥PD (broth culture): 10 mL agitated YPD broth cuétsi at 30°C for 48 h,
as described in section 2.1. ** LSBW (LaboratoralgdBrewing Wort culture): 10 mL
agitated brewing wort cultures at 30°C for 72 hgascribed in section 2.1. *** BFR
(Brewing Fermentation Residue): 700 mL brewing veniitures at 18°C without

agitation, till attenuation point was reached (appnately 10 days), as described in
section 2.1.
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Fig 2. Protective effect of brewing yeasts against cyioity induced by AFB on
HepG2 cells. LDH activity was determined by Wiehab® (Rosario, Argentina)
according to the manufacturer instructions PAkudriavzevii CMUNLPY6.1 YPD
culture+ AFB 500 ppb. BS. cerevisiae CMUNLPY6.2 YPD culture + AFB500 ppb.
C: M6 starter YPD culture + ARB00 ppb. DP. kudriavzevii CMUNLPY6.1 brewing
wort culture+ AFB 500 ppb. ES cerevisae CMUNLPY®6.2 brewing wort culture +
AFB; 500 ppb. F: M6 starter brewing wort culture + AFI0 ppb. C- (negative
control): DMEM without AFB. C+ (positive control): AFB500 ppb in DMEM. Bars
are means = standard deviations from three expatsne triplicate. * Mean values are
significantly different (P < 0.05) compared to LRAdtivity induced by AFB500ppb
(C+).
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Fig 1. Fungal germination reduction by cell-free suptane obtained from brewing

% fungal germinalion reduclion

yeasts. Grey bars: culture supernatants obtaimed finicro-fermentations in brewing
wort. Black bars: culture supernatants obtainechfd®D broth cultures. AA.

parasiticus CMUNLP7/M6 starter. BA. parasiticus CMUNLP7/P. kudriavzevii
CMUNLPY®6.1. C:A. parasiticus CMUNLP7/S. cerevisiae CMUNLPY®6.2. D:A. flavus
CMUNLPI5/M6 starter. EA. flavus CMUNLPI5/P. kudriavzevii CMUNLPY®6.1. F:A.
flavus CMUNLPI5/S. cerevisiae CMUNLPY®6.2. Bars are means + standard deviations
from three experiments in quadruplicate. Symbolg)*show significantly differences
(P <0.05).



Highlights

» Yeasts obtained as beer fermentation residue show potentia probiotic activity.

e The beer fermentation residue protects HepG2 cells from aflatoxin B;
cytotoxicity.

* Beer fermentation residue binds aflatoxin B better than Y PD cultured yeast.



