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Abbreviations:

SS, spontaneous sourdough; SLb, sourdough inodulsith L.brevis S12; SLp, sourdough inoculated with
L.plantarum S28; SPp, sourdough inoculated withpentoseusS14; Spa, sourdough inoculated with
P.acidilactici S16; DSS, dough made with spontaneous sourdough, @ugh inoculated with.brevis S12
sourdough; DLp, dough inoculated withplantarumS28 sourdough; DPp, dough inoculated vitipentoseus

S14 sourdough; DPa, dough wiEhacidilactici S16 sourdough; DBB, Baker's yeast dough made wittiou
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addition of sourdough; BSS, bread made by usingitspeous sourdough without LAB strains; BLb, bread
made withL.brevisS12 sourdough; BLp, bread made wlitiplantarumS28 sourdough; BPp, bread made with
P.pentoseus$14 sourdough; BPa, bread made wvRtlacidilactici S16 sourdough; BBB, Baker's yeast bread;

TTA, Total titratable acidity; LAB, Lactic acid baaria; DY, dough yield.
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Abstract

Four isolated lactic acid bacteria LAB straihactobacillus brevis Lactobacillus plantarum Pediococcus
pentoseusand Pediococcus acidilactici were selected and used to inoculate sourdougbrder to reduce
acrylamide content. After fermentation for 16 h, @il the inoculated sourdoughs showed lower pH eslu
compared to the spontaneous sourdough. This actdn was accompanied by a significgmt@.05) increase
in the concentration of reducing sugars. The bakedd samples made with the tested LAB strains etlow
significantly reduced acrylamide content, in patée for the sample inoculated wikhacidilactici (5.64 ug/kg),
compared to the bread sample prepared with bakea'st (35.6 pg/kg). The resulting breads were elsduated
for several other quality parameters. The highe$tness was registered for the breads obtained fitwen
fermentation byP.acidilactici (2704 g). The different tested strains also infedl the color, the void fraction,
and the cell density of the breads. The sensorjuatian indicated that the crust color, crumb deratas well
as the salty and acidic tastes were not signifigaffected by sourdough incorporation. Howevegdas made
from LAB sourdoughs were more appreciated by thteta. This study proved the suitability use ofghkected

P.acidilactici strain for industrial-scale bread production.

Keywords: Sourdough bread; Lactic acid bacteria; Acrylamigensory evaluation
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1. Introduction

Bread is one of the staple foods for human nutritib supplies a considerable portion of the natseequired
for growth, maintenance of health and well-beinke baker's yeast bread is the most consumed typaniisian
diet (El, 2014). During bread baking, some hazasdbyproducts can be formed, such as acrylamides Thi
compound has been recognized as a neurotoxic aedtjadly carcinogen substance for humans (IAR®49
Acrylamide has been detected in a wide range oket@and fried carbohydrate rich foods, particulargp
bread, potato chips, breakfast cereals, and cé@é&men et al., 2007). The most probable routecoflamide
formation is through Maillard reactions involvingetamino acid asparagine and reducing sugars @hottt al.,
2002). It also can be formed through several offaghways, such as the reaction between aspaiticaad
reducing sugars (Yaylayan & Stadler, 2005), therdegradation of amino acids and proteins (Kerarhat.e
2011), as well as decarboxylation and deaminatf@sparagine (Granvogl & Schieberle, 2006).

A wide range of researchers representing natiooad fsafety authorities, academia, and food manuferst
have sought to better understand the mechanisnagrgfamide formation and to find ways to minimize i
formation in foods (EFSA, 2011).

Previous studies have indicated that the occurrericacrylamide in heat-processed foods may depend o
specific factors, such as the initial concentratiof asparagine, reducing sugars, pH, water agtitine and
temperature of the heating proces (Gokmen et @7

Over the last decades, there have been many attampeduce acrylamide formation by the optimizataf
processing conditions. Indeed, the HEATOX reportgllenas et al. (2005) showed that acrylamidal®gis
increased at higher baking temperature (200-26af@)with time (10—25 min). Another strategy for ueithg

the acrylamide content depended on the choice pfogpiate raw materials. Wang et al. (2017) suggk#tat
the generation of acrylamide can be mitigated lbiyicang the presence of degraded starch in flour.

Several studies indicated that fermentation praseperformed with lactic acid bacteria (LAB) andsecould
reduce the acrylamide content in bread. This effeanhainly related to a decrease of pH rather ttmathe
consumption of precursor nutrients (asparagineraddcing sugars) by microorganisms growing in sougth
(Fredriksson et al., 2004; Bartkiene et al., 20Mang et al., 2017).

Moreover, the use of lactic acid bacteria in sougloimproved the properties of dough and enharfvedavor
and texture of bread (Saeed et al.,, 2014). It wiae egeported that the use of sourdough extended the
microbiological shelf life of bread by controllirand inhibiting spoilage organisms during fermeotatidue to

the lower pH value and antimicrobial metabolitesL&B (Cizeikiene et al., 2013). Likewise, lacticid
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sourdough had a higher content of biogenic compsulogver level of anti-nutritional factors and dtbe value

of glycemic response, as well as improved the wtdkninerals (Gobbetti et al., 2012).

So, the challenge of this study was to find a wayeduce the acrylamide content in Tunisian bre&Hoart
compromising its organoleptic properties. Thusaetit fermentation was conducted using four LABRisis,
previously isolated from Tunisian flours and idéatl. They were tested to decrease the acrylamide
concentration in bread. Up to our knowledge, neaesh has been conducted on acrylamide reduction in
Tunisian food. For this purpose, the known acrytiemprecursors (asparagine and reducing sugars) were
measured in fermented dough. At the same timeinfheence of lactic acid fermentation on sensomtdees of

the final products was studied.

2. Materials and methods

2.1. Materials

The flour used (type PS-7 and moisture content3B4)Awas purchased from the mill SOTUMIS (Ennakhla)
situated in Tunisia. Chemicals and analytical séadsl were mainly purchased from Sigma-Aldrich (Dbl

Ireland). All analytical standards had a purityabfeast 95%.

2.2. Microorganisms

Fresh yeast was supplied by Rayen Food Indusfries.strains of lactic acid bacteria (LAB) usedhiststudy
(Lactobacillus brevisstrain S12 (MF458471),actobacillus plantarunstrain S28 (MF458477Rediococcus
pentoseusstrain S14 (MF4584872)and Pediococcus acidilacticstrain S16 (MF458474) were previously
isolated, identified by 16S ribosomal RNA (rRNA)ngefrom various Tunisian bakery flours and selettasing
on their acidification activity according to the tined described by Alfonzo and al. (2013) where LARIIs

were assessed to reduce pH of a flour extract 24&dr, 48 h and 72 h of inoculation (Data not shpwn

2.3. Preparation of sourdough

Experimental sourdough bread was manufactured usiiagpreviously described selected strains of LAB
(L.brevisS12,L.plantarumS28 P.pentoseu$14 andP.acidilactici S16) based on their acidification capacity.
The LAB strains were cultivated in MRS broth (1%ltose w/v, 1% lactose w/v, pH 5.6) at 30°C for 18 h
Bacterial cells were harvested by centrifugatio®,@@0 x g, 10 min, 4°C), washed twice with 50 midrig

potassium phosphate buffer (pH 7.0) before beirsysigended in tap water. Each strain was indiviguall
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characterized and inoculated into the dough. Thedsmgh was made according to Nionelli et al., @01
Briefly, for preparing 100 g of sourdough, 62.5fglour were mixed with 37.5 mL of tap water comtiaig 10
CFU/g of LAB cells. The obtained sourdough was beted at 30°C for 16 h. A spontaneous sourdough (SS

prepared without inoculation with the selected LétBains was used as a control.

2.4. Making of bread

The dough was made according to the recipe of Miaogteal., (2014). In all of the experiments, 2q%/w) of
sourdough was added to dough. Baker's yeast wasladdhe amount of 2% (w/w). Dough yield (DY = (db
weight / flour weight) x 100) was fixed at 160. é&ftthat, dough samples were left to ferment for3D min.
The control bread was made according to the samaufation, but without the addition of sourdoughl Byead

samples were prepared in triplicates. All breadseviked at 220°C for 20 min.

2.5. Analytical methods

2.5.1. Deter mination of pH and total titratable acidity

The values of pH and total titratable acidity (TTWegre determined after mixing 10 g of sourdougldaugh

with 90 mL of distilled water using a Stomacher erixThe pH was measured using a pH meter and the
acidification capacity ApH) was calculated as the difference between pkEr drmentation and pH before
fermentation. The mixture was used to measure Th 8xpressed as the amount (mL) of 0.1 M NaOH smhut

needed to reach the pH value of 8.3.

2.5.2. Deter mination of reducing sugars

The sugar content (glucose, fructose, and sucafskegeze-dried doughs was determined by high-perémce
liquid chromatography (HPLC) system (Waters 269paBations Module) according to the method of Bartki

et al. (2013). Five grams of each sample were dmixi¢h 20 mL of deionized water. The filtrate wdaqed in a
water bath for 1 h at 75°C, in order to inactiviite enzymes, before being centrifuged at 1350Gor 0 min.

The obtained supernatants were analyzed by a HRktera equipped with an AKTA purification system, an
analytical column (Phenomenex Lunand NH,, 150 x 4.6 mm (Torrance, CA, USA)) and a refraztindex
detector (Waters 2414). The compounds were quedtifsing a calibration curve of the correspondtagdards
ranging between 50 and 500 mg/mL. Sucrose, glucarseé,D-fructose standards were obtained from Sigma-

Aldrich.
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2.5.3. Analysis of asparagine

Asparagine was extracted by the method reportegiigello et al. (2010). Each sample (2 uL) wasdtgd into
HPLC coupled with a Shimadzu LC-20AD evaporatightiscattering detector (ELSD). The mobile phase wa
composed of solvent A (0.1% formic acid in wateryl solvent B (0.1% formic acid in 98% acetonitrive}h a
flow rate of 0.7 mL/ min at 30°C, and the injectieolume was 10 pL. The gradient starting from 0 %oB5
min, 15 % B for 7 min, 30 % B for 5 min, and finafbllowed by a 18 min maintained at 0% B. Aspanagivas

quantified using a calibration curve made with lpasgine (Sigma-Aldrich).

2.5.4. Deter mination of acrylamideby LC-MS/M S

The extraction of acrylamide was carried out onabreamples according to the method of Bartkienal.et
(2013). It was conducted with acetonitrile and QOWERS salt mixture (4 g anhydrous MgsS@igma Aldrich)
and 0.5 g of NaCl (Analytika Ltd (Check Republichhe extracts were then added to 50 mg of PCA-srbe
(SSELECTRA Bulk Sorbents) and 150 mg anhydrous MgfQobtain pure extracts. These latter were than
analyzed with liquid chromatography coupled to mdmass spectrometry (LC-MS/MS). The quantitative
analysis was performed by QTRAP 5500 LC-MS/MS imskent (AB SCIEX, Framingham, MA, USA) coupled
to an Acquity UPLC system (Waters, Milford, MA, UBRA he separation of acrylamide was obtained withd
3um HILIC column (100 x 3.00 mm) (Phenomenex, ToremreA, USA). The solvent system was composed of
0.1% formic acid in water and 0.1% formic acid iethranol with a flow rate of 0.3 mL/min at 30°C, atine
injection volume was 10 uL. The conditions seled@dthe MS/MS detection were as follows: curta@sg
(Nitrogen): 30.0 psi; ion spray: 5500 V; temperatu400°C, nebulizer gas (Nitrogen): 40 psi; nelauligas
(Nitrogen): 50 psi. Acrylamide was quantified usiangalibration curve made with internal standamtylamide-

d;) dissolved in acetonitrile and chromatograms warguired and processed by using the Analyst softwar

version 1.5 (AB SCIEX).

2.5.5. The evaluation of bread quality

The hardness of bread samples was determined With6700 texture analyzer (Perten Instruments, NBigte
BC, NSW, Australia). All samples were prepared aa#led on the day of test. Three slices of breadn{20
thick) were compressed by using a cylindrical cagspion probe with 75 mm diameter. The followindisgs

were selected: test speed 5 mm/s, 50% deformatithesample and two compression cycles with akboéd 2
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s. Data was analyzed using the TexCal softwareorGmrameters (L*, a*, b*) of the crust and crundstp of
bread samples were determined in triplicate byguai®€R-300 colorimeter (Minolta, Japan).

The crumb features of breads were evaluated adtdr @ storage. Images of three slices were acduising a
Nikon D3100 digital camera (55 mm lens; level ofig@vity: ISO1600; shutter speed: 1/640 s). Twon2® x
20 mm square fields of view were evaluated in eaohge. Segmentation was performed manually, by
binarization of 8-bit greyscale images into blacklavhite images using the Otsu ImageJ thresholdiggrithm
implemented with Fiji 1.51 software package. Aftbat, the void fraction (the fraction of the towlea
corresponding to the bread pores) and cell degsitynber of cells/mi) were extracted and calculated.
Sensory analysis of baked breads was accomplidtedlahour of manufacturing by a semi-trained p488
panelists consisting of students (male and fenfatelh the High School of Food Industries of Tunisi@ihe
panelists evaluated the sensory properties of its@dosamples based on their degree of acceptarale (6 1-8,
with 8 being the highest score). The sensory aittei were discussed with the panelists duringritreductory
sensory training sessions. Before the sensory atiahy the loaves were cut into 1.5 cm thick sliaes were
then served in random order. The elasticity, camt crumb colors, acidic and salty taste, appearar@dume
and crumb aeration were considered as sensorputs. All sensory evaluation tests were perfornred
accordance to the ethical and professional guidglitescribed in the document issued by the InstatiFood

Science and Technology (IFST, 2015).

2.5.6. Statistical analysis

All experiments were repeated three times andtilitisd as the mean values + standard deviatioasisttal
analyses were performed using the IBM SPSS Statistftware version 23.0. The data were analyzeawyus
one-way analysis of variance (ANOVA), followed hetDuncan’s test with the significance level sgt<.05

to establish the significance of differences betwdbe samples. Pearson correlation analysis was als

performed.

3. Resultsand discussion
3.1. Physico-chemical analysis of sourdough
The values of pH, TTA, the content of sugars (ghg;dructose, and sucrose) and free asparagimoirianeous

and inoculated fermented sourdoughs were determasegresented in Table 1.
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After 16 h of fermentation, the pH of all sourdousgimples had decreased from 6.36 + 0.06 to 4.08&i6 SS

- 3.55 + 0.04 in SLb. Moreover, the highegiH (2.81) p<0.05) was found in the sourdough prepared with
L.brevisS12 (SLb), whereas the lowespH value (2.33) was measured in the spontaneousi@agh (SS). In
fact, LAB are recognized to considerably decrehegpH values in sourdoughs, but the variation ofdefdends
on the LAB strain used (Elsanhoty et al., 2016)ca@xding to Cizeikiene et al., (2013), adding sough to
bread could control and notably inhibit spoilaggastisms through lowering the pH value during fertagon.
Besides, TTA was significantlyp€0.05) increased after fermentation, from 2.5 mL5t@-12.2 mL. The
comparison of results highlighted that all sourdwmugoculated with the selected LAB strains hadhificantly
(p<0.05) higher TTA values than those observed fonspwous sourdough (SS). Furthermore, a high negati
correlation (r = -0.953) between the pH and TTAueal was found after fermentation. These findingsiar
agreement with the results of Mamhoud et al. (200®ncerning the analysis of reducing sugars, aifgignt
(p<0.05) increase of their concentration (from 6128tto 966 + 21 mg/100g dry weight (d.w.) and frof6 2t

48 to 563 + 12 mg/100g d.w. for glucose and fruetagspectively) was shown after 16 h of fermeotati
Interestingly,P.pentoseu$14 was the key strain for the formation of redg@ugars at concentrations reaching
1529 mg/100g d.w. after fermentation (74.15%). The of LAB caused a significarp<€0.05) increase of the
glucose concentration (718-966 g/100g d.w.) contpdce spontaneous sourdough (529 g/100g d.w.) after
fermentation. This observed increase of glucoseeatnation in sourdough could be related to theatégtion

of sucrose and starch by cereal amylases and LARK@ne et al., 2013).

Before fermentation, the concentration of sucross wstimated to be 460 + 71 mg/100g d.w. After 1 h
fermentation, a significanp&0.05) decrease of sucrose amount was noticed mlgoghs, ranging from 413 +
22 mg/100g d.w. in DSS to 173 £ 5 mg/100g d.w. lip)S The sharpest decrease of sucrose concentratsn
recorded in the sourdough inoculated witplantarumS28 (62.39%), compared to the results for sponianeo
sourdough, which showed only a very weak decrea38%o).

The fermentation of dough plays a major role in tatrol of the acrylamide formation rate relatedthe
presence of asparagine (Dastmalchi et al., 20b6his context, the content of free asparagine desrmined

in all sourdough samples before and after fermemtgfable 1) in order to investigate whether thamtity of
this amino acid was reduced by fermentation.

Before fermentation, the content of free asparagiae found to be 16.1 +0.6 mg/100g d.w. Nevertiselal

LAB strains were significantlyp<0.05) able to increase the asparagine content Héterof fermentation. That
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could be explained by the proteolytic activity betselected starters (Bartkiene et al., 2013, Mawhted al.,

2016).

3.2. Physico-chemical analysis of dough

The variation of pH, the concentrations of reducngars and asparagine in the dough samples wersuneel
after fermentation and are presented in Table 2. Béker's yeast dough (DBB), which was made withbat
addition of sourdough, was considered as a control.

The pH values obtained using the selected LABrstrand spontaneous sourdough are reported in Ral#le
expected, the sourdoughs made with the selected $tPdins caused a significantlg<0.05) more pronounced
decrease of pH (4.13—-4.68) in comparison to DS%/7{4and DBB (5.77). Diana et al., (2014) reporteat the
addition of sourdough to the dough formulation feglin a linear increase in the acidity of theduct. These
results are consistent with those obtained by &uolrNielsen. (2004) who attested that the pH vetdaehed 5
using yeast and 4.4 — 4.8 using sourdough in tigliéormulation.

After 1h 30 min of fermentation, it was noticedtthiZe amount of reducing sugars in the control do{i2BB)
was significantly §<0.05) higher than that of other doughs exceptferDLp.

Indeed, the amount of fructose was significantkgQ.05) higher in DBB (532 + 11 mg/100g d.w.) conmgghto
the other dough samples (from 230 £ 7 mg/100g thv826 + 10 mg/100g d.w.). These results can béa@qul
by the fact that fructose is used as an electroamor by LAB and thus is reduced to mannitol (\Wiisk et al.,
2002).

Sucrose was not detected in any of the analyzeglsaniThis observation can be explained by sewtualies
that already revealed the presence of a very aotixertase enzyme in yeast, which promotes rapégiatown
of sucrose to glucose and fructose (Koschwanelz, &4 1).

The concentration of asparagine in dough samplgisagn in Table 2. The effects of LAB strains oa &mount
of asparagine depended on the particular straine.amount of asparagine is ranged from 9.9 + 0.4A.00y
d.w. in DPp to 16 + 0.9 mg/100g d.w. in DBB, andgh values were similar to those reported prewq¥§bhng
et al., 2017). A significant decreage(.05) of asparagine content was shown in DSS, BRgpDPa (14.2 + 0.2
mg/100g d.w., 9.9 = 0.4ng/100g d.w., and 10.5 * 0.1 mg/100g d.w., respebt), compared to DBB (16 + 0.9
mg/100g d.w.)which is fermented with yeast only. The resultsvet that fermentation of wheat dough with

LAB reduced the concentration of asparagine. Theselts are in agreement with those of Wang e(2017).

10
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In addition, Fredriksson et al., (2004) reporteat thuring bread dough fermentation amino acidsaasémilated

by yeast or LAB and metabolized as a source obgétn.

3.3. Analysisof acrylamide

All bread samples were evaluated for their acrythnievels and the results are presented in Figufe better
understand the mechanism of acrylamide formatioth it relationship to dough fermentation, the pbgsi
chemical characteristics and composition of sougtionere assessed.

The concentration of acrylamide in bread samplegddrom 5.64 ug/kg to 35.6 pug/kg. The highesykanide
content was detected in the control bread sampB}BAccording to European Commission, for this eygf
bread (Wheat based soft bread), the indicativeevaluacrylamide was estimated to 80 pg/kg (EC, 2013
However, bread is classified as the main food dmuing to the daily ingestion of acrylamide whicén cause a
public health problem (EFSA, 2011) and Tunisiare lsig consumers of bread; on average 70 Kg/persan/y
(Benaours, 2017).

All LAB strains were able to significantlyp€0.05) reduce the acrylamide content of bread. Ealhgcthe
P.acidilactici strain S16 allowed to decrease the acrylamide debgl84.2% (to 5.64 pg/kg) compared to the
control bread (35.6 pg/kg). The other LAB straithsbfevis S12 L.plantarum S28, andP.pentoseussS14)
provided significantly §<0.05) decreased acrylamide levels (reduction by6%5.49.2%, and 39.2%,
respectively) compared to the control sample. Thius,effect of LAB fermentation on acrylamide retioie
depended on the particular LAB strain used in sougth and its adaptability or competition with yeasthe
absorption of nutrients (Dastmalchi et al., 2016).

Bartkiene et al.,, (2013) showed that the fermemmativith a commercial.caseistrain could reduce the
acrylamide content in bread samples by 29.4% onagee In the same way, Baardseth et al. (2006)dfdlat
LAB could reduce the acrylamide level in Frencledrby 71% after 120 min of fermentation.

Besides, a significant decreage(.05) of acrylamide content was noticed in breadémed with spontaneous
sourdough. This result was consistent with theifigsl by Bartkiene et al., (2013) and Forstova et{2013).

The concentration of glucose and sucrose in sogiftwvas significantlyp<0.05) slightly correlated to the
formation of acrylamider(= 0.565 and = -0.617, respectively). These results were ireagrent with those of
Surdyk et al., (2004). Sugars seems to be the impsirtant ingredient that influences the acrylanfmenation
during baking (Baardseth et al., 2006; Dastmaldhale 2016). Unlike sugars, the asparagine contdnt

sourdoughs did not show a clear correlation witlylamide concentration.

11
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Numerous studies suggested that lowering pH vdlyesicroorganisms is one of the solutions to préngrihe
Maillard reaction, the main path of acrylamide fation (Bartkiene et al., 2013; Keramat et al., 2011
Dastmalchi et al., 2016). The first step in Maitllaeaction is the generation of a Schiff base tiaatt form 3-

aminopropionamide, a precursor of acrylamide (Goghet al., 2004).

3.4. Characteristics of the experimental breads

The color parameters (L*, a*, b*) of crust and chuobtained from the bread samples are listed ileTabAs it
can be seen, the crust lightness (L*) of inoculatedrdough breads (BLb, BLp, and BPa) was sigmifiga
lower (<0.05) than that of control bread (BBB). Moreoval, sourdoughs inoculated with LAB caused
significant changes in the “a*” values of crust#lmBPp showing the lowest value. Statistical asmlyndicated
that the “L*” and “b*” parameters of crusts corredd positively (r = 0.486 and r = 0.510, respedyivp<0.05)
with the acrylamide levels in breads. These resuéise in agreement with those of Surdyk et al.0@0The
crumbs of BLp, BLb, and BPp bread samples had fsgmitly (p<0.05) high values of luminosity (L*) (74.21,
73.85, and 74.49) compared to the BSS sample (Y0ALlew differences were registered for the b* atd
parameters of the crumb.

The highest hardness (5149 = 119 g) was observethdobread made with yeast only (BBB) (Table 3)eT
softest breads were those obtained from sourdofgyimsented withP.pentoseusS14 (1815 + 216 g) and
P.acidilactici S16 (2704 + 42 g). As reported by Dastmalchi gt(2D16), the addition of sourdoughs reduced
the firmness of bread, which depended mainly oratlidification level of sourdough.

The crumb structure of breads was evaluated byatlighage analysis (Figure 2). According to Tablet®
observed void fraction and cell density were sigaifitly (0<0.05) different from BBB. This finding confirmed

that the final characteristics of the breads wefieénced by the starter strains and their intéwast

3.5. Sensory attributes of breads

The results of the sensory analysis of the expeariatdoreads are shown in Figure 3. The crust calamb
aeration, and detection of salty or acidic tasteeweaot significantly |§<0.05) affected by the addition of
sourdough. Moreover, the appearance of bread sarsptaved an increasing trend towards average sotieEs
LAB sourdoughs were added. The BPa bread sampléhlealdigher appearance score of 6.27, compare&® B
and BBB (6.03 and 5.41, respectively). Likewises tttumb color and the volume attributes increasadnw

sourdoughs were used. Organic acids, alcohols,rsestearbonyl compounds, carbon dioxide, and
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exopolysaccharides produced by LAB during sourdoiggimentation are the probable factors resultinghim

improved volume, texture, flavor, and aroma of lthkeead samples (Saeed et al., 2014).

4. Conclusion

In essence, our proposed strategy provides antiefeway to reduce acrylamide formation in breadusyng
selected lactic acid bacteria strains for ferméwmnadf dough. The most pronounced reduction of lacnjde
formation (by 84.7%) was obtained in bread madé Ritcidilactici strain S16At the same time, the influence
of lactic acid fermentation on the sensory propertf the final bread samples was studied. Ther@staesults
indicate that the incorporation of selected laeiid bacteria in the bread preparation can imptbeetexture
and flavor of bread. Selectdelacidilactici strains could be potentially developed for furtlagplications in
fermented products. Finally, a continued effotedsommended to investigate the effects of othdicldacteria

strains on acrylamide synthesis during the bakingyead.
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Table 1. The physico-chemical parameters and compositi@oofdoughs after fermentation
for 16 h.

tit-rl-z(a);[:Ilee Glucose Fructose Total reducing Sucrose Asparagine
Samples pH idi (mg/100g  (mg@/100g sugars(mg/100 g (Mg/100 g dw.) (mg/100g
acidity (mL. = gy ) d.w.) d.w.) g/100 g d-w. d.w.)
NaOH)

Ss 4.03+0.08 52+03 529+18 250+ 3 779+ 15 413 + 2% 180+17
SLb 355+0.08 122+08  751+28° 274+4 1025 + 22 203+ 8 20.0+0.3
SLp 365+0.f° 11.0+04  718+62 196 + % 914 + 57 173+3 17.7+0.8
SPp 3.69+0.04 10.3+0.4 966 +2f 563+12 1529 + 19 223+ 1% 19.8+0.4
Spa 357+0.02 11.6+04 793+1f 356 + 4 1149+ 7 241 +10 18.7+04

The data are presented as the mean values + staedars (1 = 3). The mean values followed by the same letter
within column are not significantly differenp€ 0.05); SS: spontaneous sourdough; SLb: sourdowgtulated
with L. brevis S12; SLp: sourdough inoculated with plantarum S28; SPp: sourdough inoculated wkh
pentoseus S14; SPa: sourdough inoculated withacidilactici S16.



Table 2. The pH values and concentrations of glucose, fegtéotal reducing sugars and

asparagine in different dough samples after 90ahfermentation.

Glucose Fructose Total reducing sugars  Asparagine (mg/100g
Samples pH (mg/100g (mg/100g (mg/100 g d.w.) dw.)
d.w.) dw.)
DSS 4.97 +0.01 826 + 23° 230+ 7P 1057+ 36 14.2+0.3
DLb 4.49 + 0.0 833 + 20° 262 + 6 1096 + 21 15.7+0.2
DLp 4.13+0.04 1494 + 26 258 + & 1752 + 29 14.8 + 0.4°
DPp 4.52 +0.08 500 + 14 232+ @ 732 + 19 9.9+0.4
DPa 4.68+0.04 471 + 19 326 + 10 797 + 12 105+0.2
DBB 5.77 + 0.08 748 + 3% 532 +1F 1281 + 34 16 +0.9

The data are presented as the mean values * siagwdars § = 3). The mean values followed by the same letter
within the column are not significantly differeqt<0.05). DSS: dough made with spontaneous sourddbigt;
dough inoculated with. brevis S12 sourdough; DLp: dough inoculated wlithplantarum S28 sourdough; DPp:
dough inoculated withP. pentoseus S14 sourdough; DPa: dough wikh acidilactici S16 sourdough; DBB:
Baker's yeast dough made without the addition afdmugh.



Table 3. The characteristics of bread loaves

Samples Crust color Crumb color Har dness (g) Void Cell density

L* a* b* L* a* b* fraction (%) (cellssmm?)
BLb  60.33 +0.47 11.25+0.64 34.64 +0.33 73.85+0.41 -1.27+0.08° 14.13+0.22 4338+21% 35.11+18 2888.82 +254.99
BLp 60.91+ 0.3%9 10.62+0.33 3523+0.33 7421+£0.1% -1.01+0.0 15.95+0.49 4188+ 444 47.04+0.8 4764.22+112.0%
BPp 6871+ 0.21 5.94+0.08 34.42%0.1% 74.49+0.23 -1.64+0.09 14.97 +0.64 1815+ 216 43.99 +2.32 3949.54 + 104.58
Bpa  58.49+0.15 10.33x0.3% 32.73+0.32 71.09+0.43 -0.84+0.06 14.38+0.2 2704 +42  34.89+1.23 3217.14 + 386.0%
BSS 63.77+ 044 0956+0.08 34.91+0.68 70.11 +0.67 -1.14+0.5° 13.85+0.07 4060 +57 31.15+0.90 5256.74 +27.6%
BBB 63.09+ 0.0/ 9.58+0.38 35.36+0.1%1 74.89+030 -153+0.F 14.63+0.18 5149 +118 39.57+0.87 3831.8+659.82

Data are presented as the mean value * standard®r 3); the mean values followed by the same letiénimcolumn are not significantly differenp<€0.05); BSS: bread
made with spontaneous sourdough but without LABis$; BLb: bread made with brevis S12 sourdough; BLp: bread made wlithplantarum S28 sourdough; BPp: bread
made withP. pentoseus S14 sourdough; BPa: bread made viAtlacidilactici S16 sourdough; BBB: Baker's yeast bread.



Figure captions

Fig. 1. Acrylamide content in different bread samples. B®8ad made by using spontaneous
sourdough without LAB strains; BLb: bread made Withbrevis S12 sourdough; BLp: bread
made withL. plantarum S28 sourdough; BPp: bread made viathpentoseus S14 sourdough,;

BPa: bread made wit. acidilactici S16 sourdough; BBB: Baker's yeast bread.

Fig. 2. Representative images of the crumb samples frorerarpntal breads (unprocessed
digital images (left) and binary images thresholdstohg the Otsu ImageJ algorithms (right).
BSS: bread made by using spontaneous sourdougluwittAB strains; BLb: bread made
with L. brevis S12 sourdough; BLp: bread made withplantarum S28 sourdough; BPp:

bread made withP. pentoseus S14 sourdough; BPa: bread made withacidilactici S16

sourdough; BBB: Baker's yeast bread.

Fig. 3. A spider web chart of the sensory analysis dateiperimental breads. BSS: bread
made by using spontaneous sourdough without LA&rety BLb: bread made with brevis
S12 sourdough; BLp: bread made withplantarum S28 sourdough; BPp: bread made with
P. pentoseus S14 sourdough; BPa: bread made withacidilactici S16 sourdough; BBB:

Baker's yeast bread.
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Highlights
» Four lactic acid bacteria were inocul ated separately in bread sourdough.
» Incorporation of lactic acid bacteriain bread reduced acrylamide content.
» Acrylamide amount is correlated to sugar concentration in sourdough.

* Incorporation of lactic acid bacteriain bread can improve its texture and flavor.



