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Abstract

Tocopherols and phytosterols are lipid-soluble malies which have been widely used
in the food industry. Nevertheless, the influentthese compounds on the
performance of starter lactic acid bacteria (SLABermented foods has received little
attention. Here, we assessed the behavi8irgptococcus thermophilus and

Lactococcus lactis during the ripening of a functional Port Salutligheese elaborated
with these SLAB and with alpha-tocopherol and phigool esters as bioactive
molecules. Functional and control cheeses were faatumed at an industrial plant and
sampled at 7, 21, 40, 60 and 90 days after elabartdr real-time quantitative PCR
(gPCR) or reverse transcription-gPCR (RT-gPCR) erpents. Target DNA and
MRNA from both SLAB were detected after 90 dayslaboration in both functional
and control cheeses, supporting their potenti@ molgenerating flavor metabolites.
Furthermore, here we showed for the first time thataddition of alpha-tocopherol and
functional doses of phytosterols did not affect DBiIAMRNA dynamics of these SLAB
during cheesemaking, throughout and after the éngening. Therefore, our results
support the use of cheese manufactured with 8dttermophilus andL. lactis as an

optimal delivery system for these beneficial biosctompounds.
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Sreptococcus thermophilus; Lactococcus lactis; functional food; gPCR; RT-gPCR

Chemical compounds studied in this article
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Alpha-tocopherol (PubChem CID: 14985); Campest@abChem CID: 22216479);

Beta-sitosterol (PubChem CID: 91746541); StigmasiubChem CID: 91746470)

1. Introduction

The starter lactic acid bacteria (SLA8Jeptococcus thermophilus andLactococcus
lactis are the most important microorganisms in the daidystry (Fernandez, Alegria,
Delgado, Martin & Mayo, 2011; Mora & Arioli, 2014»mong molecular methods,
quantitative PCR (qPCR) and reverse transcriptie@f (RT-qPCR) have been
successfully used to evaluate these SLAB in ripamegdses or throughout the
manufacturing and ripening processes (Pega é(Hlf; Postollec, Falentin, Pavan,

Combrisson & Sohier, 2011; Ruggirello, Cocolin &IB1p2016).

“Functional” foods are dietary sources of defingaldgically active compounds which
when in defined quantitative and qualitative ameyptovide a clinically proven health
benefit and can thus prevent or treat chronic dseéMartirosyan, 2011). Phytosterols
(sterols and stanols) are a family of plant lipdiphriterpenes, which have been widely
used in the food industry (Moreau, Whitaker &, HicR002), mainly due to their
ability to lower cholesterol levels (Rondanelli, Meferrario, Faliva, Perna &
Antoniello, 2013). Tocopherols are also a grouppadl-soluble antioxidants with
numerous health benefits and which are commonlg taethe fortification of food

products (Shahidi & de Camargo, 2016).

In a recent study, we showed for the first time tha addition of alpha-tocopherol

(14.4 pg/L of milk) and phytosterols (7.6 g/L oflk)icorrelates with a significant
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increase irf. thermophilus DNA and mRNA levels, during the industrial elaltoya

and ripening of a Port Salut light (reduced famssoft) cheese manufactured only
with this starter (Pega et al., 2016). Lately, ¢hleas been great interest in the SLIAB
lactis, which is involved in the proteolysis and use wiirzo acids for the generation of
aromatic molecules during the ripening of dairydarats (Ruggirello, Cocolin & Dolci,
2016). Moreover, mixed cultures of thermophilic anésophilic SLAB have been
explored to improve cheese production (Champagagn@n, St-Gelais & Vuillemard,
2009). Therefore, the aim of the present studytowa@ssess the behavior of the SLAB
S thermophilus andL. lactiswhen added simultaneously in the same cheesemaking
process upon the incorporation of alpha-tocophemd| phytosterols, in conditions
which have shown to be optimal for the productibfuactional, reduced-fat, semi-soft

cheeses.

2. Materials and methods

2.1. Elaboration and sampling of industrial cheeses

Port Salut light functional and control cheesesenaanufactured at an industrial plant
as previously described (Pega et al., 2016), vathesmodificationst. lactis subsp.
lactisandL. lactis subspcremoris (Danisco Choozit MA14 LYO 50DCU,
Copenhagen, Denmark) was used as starter cultgeehier withS. thermophilus (STI-

14 50U, CHR Hansen, Horsholm, Denmark). Vacuum-pddknctional and control
cheeses were ripened at 4 °C and sampled at 40260 and 90 days of ripening.
Triplicate samples from the entire production batere randomly collected and stored

at -80 °C until processing.
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2.2. Determination of quality parameters, phytosterols, tocopherols and fatty acids

Total solids, moisture, sodium chloride, totaldahtent, phytosterols, tocopherols and
the fatty acid profile were determined in functibaad control cheeses as previously

described (Pega et al., 2016).

2.3. Real-time gPCR and RT-gPCR experiments

Concentration of bacterial cells, nucleic acid action and gPCR assays were
performed as previously described (Pega et al§RExperiments were carried out in a
StepOnePlus Real-Time PCR System (Applied Biosyst&nA, USA). The

amplification conditions used and reverse transiompexperiments were performed as

described previously (Pega et al., 2016).

2.4. Primer design and specificity determinations

S thermophilus specific primers for DNA amplification in milk artheese samples
have been previously described (Pega et al., 20h89.same methodology was used
for the design oL. lactis subsplactis and subspcremoris specific primers, for
assessing silico specificity and cross reaction agaifisthermophilus. The nucleotide
sequence of the primer pair was as follows: 5°- Q3T TGA TGA ATA CAT CCC

AAC T - 3’ (f), and 5'- CGA CTG GAA GAA GGA GTG GTT- 3 (1).

2.5. Construction of standard curves for g°PCR and RT-gPCR
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127  The standard curves used fithermophilus DNA and cDNA quantification in milk

128 and cheese samples have been previously descRlegd €t al., 2017). The same

129  protocol was followed to generdtelactis standard curves and to calculate the copy
130  number, efficiency (E%), slope, correlation coeéfit R and limit of detection (LOD).
131

132 3. Results

133

134  3.1. Cheese compositional analysis

135

136  The compositional analysis is shown in Table 1. @tvwtent of alpha-tocopherol in

137  functional cheeses (5.47 mg/60 g) was equivalenb@o of the recommended dietary
138  allowance (RDA) (Institute of Medicine, 2000). B&ss, the amounts of phytosterols in
139  functional cheeses (2.42 g/60 g) were above thagdorecommended to exert benefits
140 on human health (~2 g of phytosterols per day)puting to the American Heart

141  Association (Lichtenstein et al., 2006).

142

143 3.2. Assessment of primer specificity

144

145  To determine the specificity &f lactis primers in cheese samples, DNA extracted from
146 S thermophiluswas tested and found to be below the detectioshiotd of the assay
147  (Ct >40), even at the lowest dilution of templataleated. Moreover, the melting

148  curves generated fdr. lactis displayed only one peak in every sample, thusicoinfg
149  the specificity of the primer pair (data not shown)

150
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3.3. Sandard curves used for gPCR and RT-gPCR quantifications

An optimum linear correlation between Ct values eoply numbers was recorded for
both DNA and cDNA standard curves’(f®alues of 0.999) constructed forlactis. The
detection spectrum was linear across a range @j dnits. Fifty-three copies of
DNA/well and 50 copies of cDNA/well were accurateigtermined (LOD) in cheese
samples. Standard curves generated with negateesersamples and E% values are

shown in Fig. 1.

3.4. SLAB quantification during ripening of functional and control cheeses by gPCR

and RT-gPCR

Target DNA and cDNA from both SLAB were detectecltime points in both
functional and control cheeses and persisted tiféeend of ripening (90 days after
elaboration) (Fig. 2). Slightly higher values welk#ained on average f&
thermophilus (~2.10 x 18 genome copies/g) than forlactis (~1.86 x 18 genome
copies/g) DNA throughout cheese ripening (Fig.&hgd A). This pattern was also
observed for cDNA during ripening of functional acwhtrol cheeses, with average
values of ~1.77 x foand ~1.62 x 170cDNA copies/g foiS. thermophilus and forL.

lactis, respectively (Fig. 2, panel B).

Interestingly, the average amountSthermophilus DNA detected in functional
cheeses throughout ripening was the same (~2.09 gehome copies/g) to the one
detected in control cheeses (~2.10 X dénome copies/qg) (Fig. 2, panel A).

Accordingly, S thermophilus average cDNA levels throughout ripening were samil



176  between functional (~1.79 x 16DNA copies/g) and control (~1.77 x*l€DNA

177  copies/g) cheeses (Fig. 2, panel B).

178

179  The same phenomena were observed ftactis DNA levels throughout cheese

180  ripening, with average values of ~1.87 X 46d ~1.86 x 10genome copies/g for

181  functional and control cheeses, respectively (Eighanel A). Furthermoré,. lactis

182 average cDNA levels throughout ripening were sinfilween functional (~1.60 x 10
183  cDNA copies/g) and control (~1.62 xI6DNA copies/g) cheeses (Fig. 2, panel B).
184

185 4. Discussion

186

187  To successfully develop functional fermented fob@s necessary to ensure that the
188  added bioactive compounds do not affect the pedorna of SLAB, which are critical
189  for the fermentation processes (Fernandez, AleBetgado, Martin & Mayo, 2011;
190 Mora & Arioli, 2014). Although phytosterols and tgaherols have been extensively
191  used for the development of functional food proddoreau, Whitaker &, Hicks,

192  2002; Shahidi & de Camargo, 2016), the evidencardigg the influence of these

193  biologically active compounds on the behavior oABLduring food fermentations is
194 scarce (Pega et al., 2016).

195

196  Here, both target DNA and mRNA frof thermophilus andL. lactis were detected in
197 Port Salut light cheeses after 7 days of elabaratiod persisted after the end of
198 ripening (90 days after elaboration), supporting tfossible role of these SLAB in

199 shaping organoleptic profiles proposed by some aasthFalentin et al., 2012;
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Rugagirello, Cocolin & Dolci, 2016; van de Bunt, BroSijtsma, de Vos & Hugenholtz,

2014).

In a recent study, we showed for the first timet e addition of alpha-tocopherol
(14.4 po/L of milk) and phytosterol esters (7.6 gfLmilk) correlates with a significant
increase inS thermophilus DNA and mRNA levels, during the industrial elakdaa
and ripening of a Port Salut light cheese manufadtenly with this starter (Pega et al.,
2016). Here, the addition of the same amounts edeélmolecules did not produce such
increase inS. thermophilus DNA and mRNA levels whet. lactis was also used as

SLAB in the same cheesemaking process.

Although these differences could be explained leydgresence df. lactis, comparisons
between different elaboration processes which wevoimany variables should be
approached with caution. Nevertheless, it is evitlegi the addition of phytosterols and
alpha-tocopherol do not negatively aff&tthermophilus in any of the two scenarios
(presence or absence lof lactis). Moreover, our results are consistent with prasio
culture-dependent studies showing that soy bevsraffearnworth, Mainville,
Desjardins, Gardner, Fliss & Champagne, 2007; Kknhel, Laye, Halpin & Morr,
1991; Shori, 2013) or isolated phytosterols (MdBlank, Holley & Zawistowski, 2008)

do not affect the growth @& thermophilus.

With regard toL. lactis, no reports are available to show whether the tahdiof
phytosterols or tocopherols during food fermentationodifies the behavior of this

SLAB. Therefore, the present study provides thet fevidence indicating that the
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addition of these bioactive compounds during chee&eng does not affect the

dynamics ol. lactis DNA or mRNA during cheese ripening.

Preliminary results from our laboratory indicatéatt several oxidation parameters and
organoleptic attributes in ripened cheeses were motified by the addition of
phytosterol esters during cheesemaking, even inattgence of the simultaneous
fortification with alpha-tocopherol (unpublishedsuéts). However, whether the neutral
effect on SLAB could have been obtained without #duglition of alpha-tocopherol

cannot be known for sure based on the availabldeece.

In summary, this study showed that both DNA and mARim S. thermophilus andL.
lactis were quantified in cheese samples after 90 dagtabbration, suggesting the
persistence of these SLAB even after the end ehiiy and thus supporting their
possible role in shaping organoleptic profiles.tRermore, our results highlighted for
the first time that the addition of phytosterolsiafpha-tocopherol did not affect DNA
or mMRNA dynamics o&. thermophilus andL. lactis throughout and after the end of
ripening, when used simultaneously during cheesergalkn addition, the fact that
these results were obtained with functional do$ghgtosterols (2.42 g/60 g) and
~50% of the RDA (5.47 mg/60g) of alpha-tocophenady provide important

information for industrial purposes.
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Figure legends

Fig. 1. Standard curves generated f@ctococcus lactis by gPCR (panel A) and RT-
gPCR (panel B). Each point represents the meare \@ltriplicate DNA or RNA
extractions + standard deviations (SD). Standardesuwere constructed by plotting
threshold cycle (Ct) values against the logarittog)(number of genome or cDNA

copies/g of negative cheese samples.

Fig. 2. Quantification ofStreptococcus thermophilus andLactococcus lactis by gPCR
(panel A) and RT-gPCR (panel B) during ripenindusfctional and control cheeses.
Results are expressed as the number of genomeNok cDpies/g of sample. Each bar

represents the mean value of triplicate sampleB.+ S
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Tablel
Compositional analysis for Port Salut light cheeses manufactured at industrial level.

Parameter Functional Control
0/100g

Moisture 51.76 55.85
Sodium chloride 132 114
Protein 19.58 22.12
Fat 23.75 17.00
(%)

PUFA 5.02 7.42
MUFA 31.22 3391
SFA 63.76 58.67
0/60g

Stigmasterol 0.81 ND
Campesteral 0.64 ND
Beta-sitosterol 0.96 ND
Total phytosterols 242 ND
mg/60g

Alpha-tocopherol 547 0.26
Gamma-tocopherol 4.96 0.09
Total tocopherols 10.43 0.35

PUFA: polyunsaturated fatty acids; MUFA: monounsaturated fatty acids, SFA: saturated fatty acids;, ND: not detected.
Results are mean values obtained for samples after 90 days of elaboration, except for moisture, sodium chloride, protein
and fat contents which were determined after 15 days of elaboration. PUFA, MUFA and SFA are expressed as percentage
of total fatty acids.
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Highlights

. We produced industrial cheeses with alpha-tocopherol and functional phytosterols.
. Sreptococcus thermophilus and Lactococcus lactis were used as starter bacteria.
. DNA and mRNA from both bacteria persisted after the end of ripening (90 days).

. The bioactive molecules did not affect the behavior of the bacteria during ripening.



