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ABSTRACT

Natural whey cultures (NWC) are undefined mul-
tiple-strain bacterial starter communities that can be
affected by even small changes along the entire dairy
chain. We applied a multidisciplinary approach to in-
vestigate how the addition of 2 mycotoxin-detoxifying
agents [sodium smectite and lignocellulose-based ma-
terial (B1); leonardite and betaine (B2)] to cow diets
modified the microbiota of the NWC in manufacture of
a Grana-like cheese. Microbiological and flow cytom-
etry analyses showed that the content and viability of
lactic acid bacteria (LAB) and the total whey micro-
biota were not affected by the detoxifying agents, and
Streptococcus thermophilus, Lactobacillus helveticus,
and Limosilactobacillus fermentum were the dominant
taxa. Random amplified polymorphic DNA-PCR fin-
gerprinting and metagenomic analysis highlighted dif-
ferences in the bacterial community of the NWC and in
the relative abundance of Bacteroidetes that increased
when B1 and B2 were included in the diet. Two of 6
St. thermophilus biotypes were detected only in control
samples; conversely, none of the Lb. helveticus biotypes
found in control samples were isolated from Bl and
B2. In vitro tests showed that the 2 binders did not
significantly affect the development of St. thermophilus,
but they stimulated the growth of Lb. helveticus strains
recovered only from Bl and B2 NWC. The addition of
binders in cow feed can affect the LAB biotypes present
in NWC.

Received January 9, 2022.
Accepted April 15, 2022.
*Corresponding author: stefano.morandi@ispa.cnr.it

Key words: whey cultures, feed additives, Lactobacillus
helveticus, random amplified polymorphic DNA-PCR
fingerprinting, core microbiota

INTRODUCTION

Food and feed contamination with mycotoxins rep-
resents a global issue of increasing importance. These
secondary metabolites, produced by toxigenic fungi,
reach humans and animals by different routes, includ-
ing contaminated crops (cereals and vegetables) and
carryover from animal feedstuffs to animal products
(Chhaya et al., 2021). For example, aflatoxin B;, when
ingested by a lactating cow through contaminated
feed, is bio-transformed into the toxic and carcinogenic
metabolite aflatoxin M; (AFM,;), which excreted into
milk. The amount of AFM; present in milk is gener-
ally only about 1 to 2% of the amount of ingested
aflatoxin B, although in high-yielding dairy cows, this
percentage can be higher, reaching values >6% (Gallo
et al., 2020). Given that AFM, represents a potential
risk for public health, several countries have regulated
its maximum residue level in milk: the United States,
China, and Brazil have set a maximum residue level for
AFM, of 0.5 pg/kg (FDA, 2000; MoH, 2011; ANVISA,
2011), and in Europe, milk concentrations of AFM,
must not exceed 0.05 pg/kg (EFSA, 2004). In addition,
regulatory limits for cheese have been introduced by
some countries, including the Netherlands (200 ng/kg),
Austria, Italy, Switzerland (250 ng/kg), China, and the
United States (500 ng/kg) (Campagnollo et al., 2016).
Different authors have shown that the AFM; concentra-
tion in cheese is related to different factors, including
cheese type and technology factors, such as the amount
of water removed during cheese-making and ripening
(Campagnollo et al., 2016).

Dairy products play an important role in Western
diets because they contain fundamental supplements
and nutrients for all age groups (Feeney et al., 2021).
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Cheese production is usually based on fermentation
processes carried out by starter cultures used to gener-
ate lactic acid—enabling gel syneresis, whey expulsion,
and curd formation. Natural whey cultures (NWC)
are undefined cheese starters obtained by the tradi-
tional back-slopping procedure (Cremonesi et al.,
2020) and that play a key role in cheese specificity,
uniqueness, and development of sensory character-
istics. Specifically, NWC ensure rapid and complete
lactose fermentation and contribute to casein prote-
olysis and to aroma and flavor development through
AA catabolism (Moser et al., 2018). Currently, NWC
are used in the manufacture of different European
long-ripened cheeses (Grana Padano, Parmigiano
Reggiano, Comté, and Gruyere), and their core mi-
crobiome mainly comprises Lactobacillus helveticus,
Lactobacillus delbrueckii, Limosilactobacillus fermen-
tum (formerly known as Lb. fermentum), and Strep-
tococcus thermophilus (Cremonesi et al., 2011; Moser
et al., 2018; Morandi et al., 2019). The relationships
among these lactic acid bacteria (LAB) species and
their diversity can be affected by many biotic and
abiotic drivers, such as bacteriophages, environmental
conditions, and changes in whey and cheese-making
parameters (Morandi et al., 2019; Bertani et al., 2020).
A recent study demonstrated that milking equipment
cleaning procedures can modify the microbial compo-
sition of NWC and, consequently, the core microbiome
of the cheese (Cremonesi et al., 2020). In recent years,
it has become common practice to add inert sorbents
to dairy cattle diets to reduce bioavailability of myco-
toxins (D’Ascanio et al., 2019; Rodrigues et al., 2019;
Avantaggiato et al., 2021).

Although the effects of these compounds on raw milk
composition and its yield have described (Xiong et al.,
2018; Gallo et al., 2020), no information is available
about their effects on the microbiota of dairy products.

Raw milk contains a complex microbiota derived from
a variety of sources such as an animal’s teats, dairy
equipment, and environmental factors (O’Sullivan and
Cotter, 2017). Microorganisms present in the environ-
ment are transferred to raw milk during and after milk-
ing through feces that adheres to the udders (Falardeau
et al., 2019). Detoxifying agents that may exhibit anti-
microbial action (Williams, 2019) can be blended into
the feed, pass through the digestive tract of animals,
and then be discharged with feces (Weatherly et al.,
2018). Our hypothesis is that these agents could alter
the fecal microbiota and, consequently, the biodiversity
of raw milk and whey. Therefore, in this study, we in-
vestigated the effect of 2 mycotoxin-detoxifying agents
on the microbiota of NWC used in production of a
Grana-like cheese.
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MATERIALS AND METHODS

The study was authorized by the Italian Health regu-
lations that pertain to the accommodation and care of
animals used for experimental and other scientific pur-
poses (authorization n. 296/2019-PR issued on April
9, 2019).

Experimental Design and NWC Collection

The 2 mycotoxin-detoxifying agents considered in
this study were provided by New Feed Team S.r.l.
(Lodi, Italy). These agents—sodium smectite mixed
with a lignocellulose-based material (named B1) and
leonardite mixed with betaine (named B2)—were previ-
ously selected for their ability to adsorb in vitro several
mycotoxins, including aflatoxin B, (Greco et al., 2017).
Thirty clinically healthy dairy cows in mid lactation
were used in experiments conducted in the Eco-Farm
Carpaneta experimental center (San Giorgio Bigarello,
Mantova, Italy). The animals were divided into 3
groups, each consisting of 10 animals. The first (control
group, CTRL) was fed a TMR; the second group (B1)
received the CTRL diet (TMR) with the addition of
B1 (115 £ 1 g/cow per day corresponding to 5 g/kg of
DM in the TMR), and the third group (B2) was fed the
TMR with the addition of B2 (115 + 1 g/cow per day
corresponding to 5 g/kg of DM in the TMR). The trial
consisted of 2 periods, an initial period for adaptation
(7 d) followed by the experimental period (7 d), and
it aimed to evaluate the potential effect of the B1 and
B2 additives on NWC microbiota. Two separate tests
were conducted sequentially: the adaptation period of
CTRL and Bl was conducted from d 0 to 7 and the
experimental period from d 8 to 14. In the second trial,
the adaptation period of the CTRL and B2 groups was
conducted from d 15 to 21, and the experimental period
from d 22 to 28 (Figure 1).

During the experimental period, cows were milked
twice a day and the milk collected was used to produce
a Grana-like cheese. The NWC were obtained from
spontaneous fermentation of the whey from the cheese-
making performed on the previous day, using identical
fermenters for CTRL whey and for B1 and B2 wheys
at a controlled temperature (45-46°C, for 19 h). The
NWC were collected daily for analysis in the last 4 d of
each experimental week; whey samples intended for mi-
crobiological and cytofluorimetric analysis were cooled
to 4°C and analyzed within 12 h, whereas NWC for
next-generation sequencing microbiota analysis were
immediately frozen and then transferred to the labora-
tory. A total of 4 NWC and their respective controls
were analyzed for both Bl and B2 agents. Figure 1
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Figure 1. Flowchart of the analyses performed on the natural whey cultures and lactic acid bacteria (LAB) strains isolated from whey cul-
tures. RAPD = randomly amplified polymorphic DNA; CTRL = control diet; B1 and B2 = diets with mycotoxin-detoxifying agents. Light gray
indicates the microbiological analysis performed on whey samples and LAB strains, medium gray indicates the genotypic LAB characterization,
dark gray indicates the technological characterization of whey samples, black indicates the flow cytometry analysis, and white indicates the

genotypic analysis conducted directly from natural whey cultures.

depicts the flowchart of the NWC analysis process for
this study.

Bacterial Enumeration and LAB Identification
and Typing

One milliliter of each NWC sample was serially
diluted in sterile nonfat dry milk (10% wt/vol; Sacco
S.r.l.) for bacterial counts. The LAB counts were de-
termined in de Man, Rogosa, and Sharpe (MRS) agar
(pH 5.4; Biolife Italiana) under anaerobic conditions
(Anaerocult A, Merck), and in M17 agar containing
lactose (0.5%, wt/vol; Biolife Italiana). Both media
were incubated at 42°C for 72 and 48 h, respectively.
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Colonies from countable plates of each medium, rep-
resenting the dominant microbiota of the NWC sam-
ples, were randomly picked and subcultured in sterile
nonfat dry milk (Sacco S.r.l.) at 42°C. The purity of
the isolates was checked by streaking repeatedly on
homofermentative heterofermentative differential agar
(Biolife Ttaliana). After purification, the isolates were
examined for cell morphology and catalase activity
and then stored at —20°C in Litmus milk (Biolife
Ttaliana).

Genomic DNA of the isolates was extracted from
overnight cultures using the Microlysis kit (Aurogene)
following the manufacturer’s instructions. Yield and
purity of DNA were evaluated using the Infinite F200
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PRO microplate reader (Tecan). The identification
of isolates was carried out using a pentaplex PCR
assay (Lb. delbrueckii ssp. lactis, Lb. delbrueckii ssp.
bulgaricus, Lim. fermentum, Lb. helveticus, and St.
thermophilus) previously described by Cremonesi et
al. (2011).

Random amplified polymorphic DNA (RAPD)-
PCR analysis was applied to investigate the diversity
and genetic relatedness within the identified strains
using 3 primers (M13, D11344, and D8635; Morandi
et al., 2019). The resulting fingerprints were compared
using the BioNumeric 5.0 software package (Applied
Maths), using the unweighted pair group method with
arithmetic averages (UPGMA). The biotype was de-
fined at a minimum similarity of 90%. The diversity
within the LAB isolates was measured by the Simpson
(1 — D) and Shannon-Wiener (H') indices. These in-
dices were calculated based on RAPD-PCR patterns
using scripts available in the BioNumerics 5.0 software
package (Applied Maths; Morandi et al., 2019). The
Simpson index value of diversity ranges between 0 and
1, where a higher value indicates greater biodiversity;
the Shannon-Wiener index value is generally between
1.5 and 3.5, and again, a higher value indicates greater
biodiversity richness of the community (Magurran,
2004).

Evaluation of Viability of Whey Samples

The viability and total bacterial counts of whey sam-
ples were determined by flow cytometry, according to
International Organization for Standardization (ISO)
standard method 19344 (ISO, 2015). Briefly, whey sam-
ples were diluted in PBS (NaCl 9 g/L, Na,HPO, 0.421
g/L, KHy,PO, 0.144 g/L; pH 7.4), stained with 10 pL
of propidium iodide (PI; 0.2 mmol/L in water) and 10
pL of SYTO 24 (0.1 mmol/L in water), and incubated
in the dark for 15 min at 37°C. The staining method
is based on dual nucleic acid staining with the cell-per-
meant dye SYTO 24 (fluorescent emission maximum
at 515 nm), and cell-impermeant dye PI (fluorescent
emission maximum at 620 nm). SYTO 24 permeates
the membrane of total cells and stains the nucleic acids
with green fluorescence; PI penetrates only bacteria
with damaged membranes, reducing the SYTO 24 fluo-
rescence when both dyes are present. Thus, live bacte-
ria with intact cell membranes fluoresce bright green
(measured in active fluorescence units, AFU), bacteria
with slightly damaged membranes exhibit both green
and red fluorescence (damaged cells), whereas bacteria
with broken membranes fluoresce red (non-AFU). The
samples were analyzed using an Accuri C6 Plus flow
cytometer (BD Biosciences), equipped with a 488-nm
laser beam excitation.
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Acidification Activity of NWC Samples

To evaluate the effects of the mycotoxin-detoxifying
agents on acidification activity of NWC, a multi-chan-
nel pH meter (Acidification Monitoring System and
Analyzer, Star Ecotronics) equipped with combined pH
electrodes (In Lab Power 51343110, Mettler-Toledo)
was used. The NWC were inoculated (2% vol/vol) in
reconstituted sterile nonfat dry milk (10% wt/vol; Sacco
S.r.l.) and incubated at 42°C using a controlled water
bath for 20 h. During fermentation, pH was automati-
cally recorded at 10-min intervals. From the collected
data, the following kinetic parameters were calculated:
(1) maximum acidification rate (V,; pH unit/h), (2)
time to reach V,, (Tp,, h), and (3) time needed to de-
crease the pH by 1 unit (T apn). All measurements were
made in duplicate (Cachon et al., 2002; Morandi et al.,
2011).

Detection of LAB Species in NWC Samples
by Pentaplex PCR Analysis

Pentaplex PCR was performed to detect the pres-
ence of Lb. delbrueckii ssp. lactis, Lb. delbrueckii ssp.
bulgaricus, Lim. fermentum, Lb. helveticus, and St.
thermophilus in whey samples (Cremonesi et al., 2011).
The DNA was directly extracted from 1 mL of NWC
according to Cremonesi et al. (2006). All determina-
tions were performed in duplicate.

RAPD-PCR Fingerprinting Analysis of Whey Samples

Randomly amplified polymorphic DNA-PCR analy-
sis was performed to evaluate the heterogeneity of the
microbial community of NWC as previously reported
by Zago et al. (2021). The DNA was directly extracted
from 1 mL of NWC according to Cremonesi et al. (2006),
and RAPD-PCR was applied to the total DNA of each
whey sample using 4 primers: M13 (Huey and Hall,
1989) and OPA-4, OPA-13, and OPA-18 (Morandi et
al., 2016). The RAPD-PCR fingerprints were imported
into BioNumeric 5.0 (Applied Maths) and analyzed us-
ing composite data set and UPGMA cluster analysis.

Metataxonomic Analysis

Genomic DNA Extraction, Library Prepara-
tion, and Sequencing. Five milliliters of each whey
sample was centrifuged at 4°C for 5 min at 2,000 x g¢;
DNA was then extracted using a method that com-
bined a chaotropic agent, guanidium thiocyanate, with
silica particles to ensure bacterial cell lysis and nuclease
inactivation (Cremonesi et al., 2006, 2018). Bacterial
DNA was then amplified using primers (Caporaso et
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al., 2011) that target the V3-V4 hypervariable regions
of the 16S rRNA gene. All PCR amplifications were
performed as previously described by Mallardi et al.
(2021).

Sequence Analysis. Demultiplexed paired-end
reads from 16S rRNA gene sequencing were checked
for quality with FastQC (Andrew, 2020) and then
joined into single reads using the C++ program Se-
qPrep (John, 2011). After joining, reads were filtered
for quality based on (1) maximum of 3 consecutive
low-quality base calls (Phred <19) allowed; (2) frac-
tion of consecutive high-quality base calls (Phred >19)
in a read over total read length >0.75; and (3) no
“N”-labeled (missing/uncalled) bases. Reads that did
not match all criteria were filtered out. The remaining
reads were combined in a single FASTA file for the
identification and quantification of operational taxo-
nomic units (OTU). Reads were aligned against the
SILVA closed reference sequence collection release 132,
with 97% cluster identity (Quast et al., 2013; Yilmaz
et al., 2014), applying the Cd-hit clustering algorithm
(Li and Godzik, 2006). A predefined taxonomy map
of reference sequences to taxonomies was then used
for taxonomic identification from the main taxa ranks
to the genus level (domain, phylum, class, order, fam-
ily, genus). By counting the abundance of each OTU,
an OTU table was created and then grouped at each
phylogenetic level; OTU with total counts <10 in <2
samples were filtered out. The whey core microbiota
was identified by selecting OTU that were shared by
at least 95% of the samples. All the above steps, ex-
cept the FastQC quality check, were performed with
the QIIME 1.9 open-source bioinformatics pipeline for
microbiome analysis (Caporaso et al., 2010). The com-
mand lines and parameters that were used to process
16S rRNA gene sequence were adapted from Biscarini
et al. (2018).

Alpha and Beta Diversity Indices and OTU.
The microbial diversity of whey was assessed within («
diversity) and across (8 diversity) samples. All indices
(e and B diversity) were estimated from the filtered
and normalized (cumulative sum scaling, Paulson et
al., 2013) OTU table. In addition to the number of
observed OTU directly counted from the OTU table,
within-sample microbial richness, diversity, and even-
ness were estimated using the following indices: Chaol
and abundance-based coverage estimator (ACE) for
richness; Shannon, Simpson, and Fisher’'s o for di-
versity (Fisher et al., 1943; Shannon, 1948; Simpson,
1949; Chao, 1984; Chao and Lee, 1992; Chao and
Yang, 1993); and Simpson E and Pielou’s J (Shannon’s
evenness) for evenness (Smith and Wilson, 1996). The
across-sample microbiota diversity was quantified by
calculating Bray-Curtis dissimilarities (Bray and Cur-
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tis, 1957). Details on the calculation of the mentioned o
and 3 diversity indices can be found in Biscarini et al.
(2018). Analysis of variance was used to test differences
between CTRL and B1 and B2 samples in terms of o
diversity and OTU abundances at various taxonomic
levels. P-values < 0.05 were considered significant. For
Bray-Curtis dissimilarities (8 diversity), differences
were tested nonparametrically using permutational
ANOVA (PERMANOVA), with 999 permutations (An-
derson, 2001).

Software. Reads from 16S rRNA gene sequenc-
ing were processed using the QIIME 1.9 pipeline
(Caporaso et al., 2010), which was also used to es-
timate most diversity indices. The ACE index and
sample-base rarefaction were estimated using custom
Python scripts  (https://github.com/filippob/Rare
-OTUsACE.git) and R (https://github.com/filippob/
sampleBasedRarefaction). The plots were generated us-
ing the ggplot2 R package (Wickham, 2016). Additional
data handling and statistical analysis were performed
in R (R Core Team, 2018).

Acidifying Activity of LAB Isolates
and Growth Kinetics

One representative isolate for each biotype was cho-
sen to evaluate the effect of the single agent on LAB
acidifying activity. The strains were previously grown
in sterile nonfat dry milk (Sacco S.r.l.) at 42°C for 18 h;
then, 2% (vol/vol) of each fresh culture was inoculated
in reconstituted milk supplemented with the mycotoxin-
detoxifying agent (0.25%, wt/vol) to obtain an initial
concentration of 10° cfu/mL. After inoculation, the
samples were stirred for 20 min at room temperature
to allow possible interactions between LAB and the B1
and B2 binders and then transferred to a water bath
connected to an AMSA (Star Ecotronics) analyzer to
monitor the acidification activity of LAB. The control
consisted only of inoculated milk without addition of
mycotoxin-detoxifying agents. Fermentations were
performed in duplicate at 42°C for 20 h. As described
above, T,y was used to describe the acidification ki-
netics of each isolate (Cachon et al., 2002; Morandi et
al., 2011).

Growth kinetics of each microorganism were investi-
gated throughout the milk fermentation, in the absence
or presence of the Bl and B2 agents. The isolates were
previously grown in sterile nonfat dry milk (42°C for
18 h) and then inoculated in reconstituted milk (2%)
supplemented with Bl or B2 (0.25%, wt/vol). The
maximum specific growth rate (j,..) was calculated
for each isolate using the equation p,.« = In(X, — X;)/
(t — t), where X, and X, are the counts (cfu/mL)
at time t, and t;, respectively. Generation time (GT)
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Table 1. Microbial counts, flow cytometry, and lactic acid bacteria (LAB) species detected in whey samples

and kinetic acidification parameters of reconstituted milk inoculated with natural whey cultures from cows fed

control diets (CTRL) and diets with mycotoxin-detoxifying agents (Bl and B2)

Whey sample’ (n = 4 each)

Item CTRL B1 CTRL B2
Microbial count®
LAB in MRS agar 7.7+£0.1 7.8 £0.1 75+£0.5 7.5 +£0.7
LAB in M17 agar 7.3+0.2 74 +0.2 7.8 +£0.1 7.6 +0.3
Flow cytometry
Live cells 84 +0.9 8.8 £ 0.1 9.1 £0.2 9.1 +0.2
Damaged cells 8.0+ 0.3 8.2+ 0.2 8.3 0.2 8.4+ 0.2
Dead cells 8.8 £ 0.2 8.8 £ 0.0 8.6 £ 0.1 8.6 £ 0.2
Total count i 9.1 +£0.1 9.2 + 0.1 9.3 £0.1 9.3 £0.1
Kinetic parameters of acidification”
V.. (pH/h) 0.69 £ 0.01 0.66 £ 0.02 0.58 £ 0.13 0.60 £ 0.13
T, (h) 3.5+0.2 3.5+ 0.0 3.7+0.2 3.9 £0.3
Tapn (h) 4.6 +£ 0.1 4.6 £ 0.1 4.7+ 0.2 4.8 +0.2
Pentaplex PCR
Streptococcus thermophilus + + + +
Limosilactobacillus fermentum + + + +
Lactobacillus helveticus + + + +
Lactobacillus delbrueckii ssp. lactis - - - +

Lb. delbrueckii ssp. bulgaricus -

'Data were expressed as means & SD of the different parameters considered.
*CTRL = control samples; Bl = B1 detoxifying agent; B2 = B2 detoxifying agent.
*Microbial count results were expressed as logyy cfu/mL. MRS = de Man, Rogosa, and Sharpe.

‘Flow cytometry data were reported as log;y AFU/mL (live cells), log;y non-AFU/mL (dead cells), and logy,
FU/mL (total count), where AFU = active fluorescence units and FU = fluorescence units.

V., = maximum acidification rate; T,, = time to reach V; Tapn = time needed to decrease the pH by 1 unit.

was calculated for each culture from the corresponding
value of pae (GT = In2/p.) (de Souza Oliveira et al.,
2009). Streptococcus thermophilus isolates were enumer-
ated on M17 agar 0.5% (wt/vol) lactose (Biolife Itali-
ana), whereas Lb. helveticus were counted on MRS agar
(pH 5.4; Biolife Italiana) under anaerobic conditions
(Anaerocult A, Merck). Both media were incubated at
42°C for 48 and 72 h.

Generation time was also measured to determine the
lowest concentration of B1 or B2 necessary to inhibit
the LAB growth. Isolates (2%; about 107 cfu/mL) were
inoculated in reconstituted milk supplemented with dif-
ferent concentrations of B1 and B2 ranging from 0.05
to 0.25% (wt/vol). The inoculated milk was stirred
for 20 min at room temperature to allow the possible
interaction between LAB and Bl and B2, and then
transferred to a water bath at 42°C for 20 h. The con-
trol comnsisted of inoculated milk without either B1 or
B2. All tests were performed in duplicate. The cut-off
value was defined as the lowest concentration of agent
that caused a GT increase of at least 0.5 h compared
with the respective control.

Statistical Analysis

All data related to microbiological assays, acidifying
activities, and growth kinetics are presented as means
+ standard deviation (SD). Significant differences (P
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< 0.05) among the data were calculated by one-way
ANOVA using Minitab ver. 14.13 (Minitab Inc.).

RESULTS AND DISCUSSION

Neither detoxifying agent (B1 or B2) significantly
affected the level of LAB in NWC; the LAB content
in MRS and M17 agar plates was similar in all samples
analyzed: LAB counts in MRS ranged from 7.3 to 7.8
log;y cfu/mL and those in M17 ranged from 7.5 to 7.8
log;y cfu/mL (Table 1).

Analogous results were obtained studying the ef-
fect of B1 and B2 on the microbial population of the
NWC by flow cytometry. Flow cytometry is a culture-
independent methodology that, by using specific probes
for different cell targets, supplies information about
cell structure and physiological status within a bacte-
rial population (Wilkinson, 2018). As shown in Table
1, no significant differences were detected among the
3 subpopulations identified (live, damaged, and dead
cells), and neither binder affected the total counts of
the samples examined (~9.0 log;, cfu/mL). This result
could indicate a nontoxic activity of these compounds
on the cheese whey microbiota overall. Values obtained
from flow cytometry were ~1.0 to 1.5 orders of mag-
nitude higher than those obtained by the plate count-
ing technique. Therefore, the differences between flow
cytometry data and plate counting are likely due to



Morandi et al.: MYCOTOXIN DETOXIFIERS AFFECT WHEY BIODIVERSITY

aaaaaaaa

Q

6519

o090 ©o0a8a80a04a 2938 88c0 8§ 8582 888.
02823 8382859588 8 S v a0 @ f a0 NS oo -9 o
eS8 8585858888853
0 P RN i - i N R i R
% Homology NNTIE OO T8 U298 008 RSO S 90E QN OOS
ooeteodeo oo o8 IR G e 18 oo
=} LN I LILIIILTDNIILIDIIIIDIDIIInTITII
o o o o o o a o «— [ W o T TR o A o T o WY o B o R o Y [ TR o o TR o R S o B o IR o B e B o Y o
P e T ® T 00 00000 =000=200 O 20000
57 | i 1 11N | || [Sesseyceg)
~r 110N A 1 I HEEE 52 oy 2)
o 110N 11NN || | | [SSseyCe)
s «—— HHHNREEE | L] | | | [Snieyeag
— HINNEEER HE 0 A || | (S
[ [ | B B iy s

| BRCS
|| YD)
|| IS

ll CTRL 1 (day2)
Bl crre 1 (day 3)
|| B
Bl crre 1 ey 1)
| I
|| EICCE)

|
L ECR

[ |
N I (N N N NN N O N N N ©

- 1 | | [

Figure 2. Band matching cluster analysis showing the relationship between B1 and B2 whey cultures and their respective controls (CTRL).
Randomly amplified polymorphic DNA (RAPD) patterns were obtained using 4 primers (M13, OPA-4, OPA-13, and OPA-18).

the presence in the whey samples of viable but non-
culturable cells that are not enumerated by the culture
method (Foglia et al., 2020) because lactobacilli and
streptococci culturable in MRS and M17 are the main
components of the whey microbiota (Cremonesi et al.,
2020; Mancini et al., 2021).

No significant differences were observed in any of the
kinetic parameters of acidification considered herein,
indicating that the addition of detoxifying agents (B1
and B2) to the cow diet did not affect the acidifying
activity of the whey cultures (Table 1). The lack of
effects of these substances on the NWC technological
parameters is noteworthy because they could affect
the cheese-making process, such as curd formation and
whey drainage.

The pentaplex PCR showed that all NWC contained
Lb. helveticus, Lim. fermentum, and St. thermophilus,
in agreement with previously performed studies that
characterized Grana-like cheese NWC throughout
culture-dependent and culture-independent methods
(Rossetti et al., 2008; Cremonesi et al., 2011; Morandi
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et al., 2019). Lactobacillus delbrueckii ssp. lactis, one of
the most abundant LAB species in NWC, was recov-
ered only in B2 whey samples (Table 1). This result
confirms the findings of recent studies (Morandi et al.,
2019; Mancini et al., 2021), which indicate a drastic
reduction or absence of Lb. delbrueckii ssp. lactis in
Grana Padano whey cultures.

The RAPD-PCR fingerprinting profiles obtained
from total DNA of whey samples allowed us to group
the NWC into 2 clusters (Figure 2). Most samples in
the first trial (B1 and respective CTRL) were grouped
in the same cluster and showed high similarity (84.7%),
whereas high variability was observed among samples
of the second trial. In total, 16 common RAPD bands
were detected in all whey samples, which can be consid-
ered to represent bacterial “core” community of NWC
obtained under the stressful conditions imposed by the
processing of whey (Zago et al., 2021).

The microbiota structure of whey starter samples,
explored by 16S rRNA gene sequencing, was character-
ized by a total of 2,271,093 high-quality reads, with a
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mean of 43,674.9 reads per sample. Rarefaction curves
suggested that the depth of coverage was sufficient to
describe the biological diversity in the sampled whey
starters. The o and (3 diversity metrics differed between
groups: B1 and B2 treatments were compared with the
corresponding controls (CTRL for B1 and B2). The
B2 groups were significantly different for 4 « indices
(Shannon, P < 0.017; Simpson, P < 0.006; equitabil-
ity, P < 0.0012; Simpson E, P < 0.0009), showing the
high level of complexity associated with this treatment
(Supplemental Figure S1; https://zenodo.org/record/
6671355#.YrCQStJBxH4; Morandi and Biscarini,
2022); similar community structures were observed in (3
diversity for Bl and B2 treatments.

Firmicutes was the dominant phylum, accounting
for more than 70% of the bacterial microbiota in all
samples, with an average relative abundance of 84.5
and 78.8% for CTRL whey samples and 73.7 and 72.2%
for B1 and B2 samples, respectively (Figure 3). In
agreement with recent data on Grana Padano cheese,
Lactobacillus was the most prevalent genus (77.7 and
68.9% in CTRL samples and 63.1 and 52.1% in Bl
and B2, respectively) present in whey cultures, with
Lb. delbrueckii, Lb. hamsteri, Lb. helveticus, and Lim.
fermentum being the most abundant species recovered
in all samples (Mancini et al., 2021; Zago et al., 2021).
Bacteroidetes represented the remaining dominant
microbiota, increasing from 5% (CTRL) to 13.3% for
Bl and from 8.5% (CTRL) to 15.6% for B2 (Figure
3). An increase in Bacteroidetes in ruminal microbiota
was also shown by Jiang et al. (2020) when dairy cows
were fed a TMR containing bentonite clay. Bacteroide-
tes are present in raw milk and usually come from the
bovine environment (feces and teat skin; Falardeau et
al., 2019). These findings support our hypothesis that
addition of detoxifying agents to feed can affect the
ruminal and fecal microbiota and, consequently, the
microbial composition of raw milk and whey starter.
Several other genera of gram-negative microorganisms
were detected (Figure 3).

To further investigate the effect of the 2 mycotoxin-
detoxifying agents on NWC biodiversity, we collected
111 colonies with different morphologies from M17 (55
isolates) and MRS (56 isolates) agar plates. Eighteen
isolates did not grow after plate isolation and were
discarded, 45 were identified as St. thermophilus, 47 as
Lb. helveticus, and 1 as Lb. delbrueckii ssp. lactis. These
results were in accordance with those obtained from the
pentaplex PCR and 16S rRNA gene sequencing.

We performed RAPD-PCR fingerprinting to estab-
lish the number of genotypically different biotypes
among the isolates (Figure 4). Cluster analysis of
RAPD patterns showed that during the first trial (B1),
St. thermophilus and Lb. helveticus were each grouped
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in 4 biotypes, with a high similarity level (81.0 and
82.3% respectively; Figure 4A). A different scenario
was observed in the second trial (B2), where the per-
centage homologies of St. thermophilus (3 biotypes)
and Lb. helveticus strains (7 biotypes) were 88.6 and
63.4%, respectively (Figure 4B). As reported in Table
2, 4 St. thermophilus biotypes (ST1, ST3, ST5, and
ST6) were recovered in both CTRL samples and in B1
or B2, whereas strains ST2 and ST4 were isolated only
from the controls. In contrast, none of the Lb. helveticus
biotypes found in CTRL samples were isolated from B1
and B2 NWC except for LH3. Only 2 strains, St. ther-
mophilus ST4 and Lb. helveticus LH1, were detected
in both trials (Table 2). These differences in LAB bio-
types were also highlighted by the Simpson (1 — D) and
Shannon-Wiener (Table 2) indices, which were higher
in CTRL samples, confirming the lower diversity in B1
and B2 NWC (Chambel et al., 2007).

The dominant bacterial structure differed slightly by
day, highlighting that the whey cultures are dynamic
microbial communities whose composition may change
over time (Bertani et al., 2020). Despite this, our results
indicated that the mycotoxin-detoxifying agents can af-
fect the LAB biotypes present in NWC, especially with
regard to Lb. helveticus. Our hypothesis is that these
agents can shift the fecal microbiota and consequently
the biodiversity of the raw milk and whey. Thus, in
addition to investigating the microbial biodiversity of
the different NWC, we evaluated their growth rate and
metabolism through their acidifying activity to further
explore whether the presence of the 2 additives could
differentially inhibit or stimulate individual bacterial
strains. The acidification capability of the different
biotypes was evaluated in pH-controlled fermentation
either in the presence (0.25% wt/vol) or absence of
B1 and B2 compounds in reconstituted milk, taking
in account the difficulty of growing strains isolated
from NWC in synthetic medium. The percentage of
detoxifying agent was chosen to be consistent with the
concentration of B1 and B2 present in dairy cow feces.

Considering the strains isolated during the first trial,
we noted that addition of B1 sped up the fermentation
process, resulting in a reduction in Ta,y (Table 3). This
effect was particularly evident in all biotypes recovered
from the B1 NWC but was not significant in the strains
isolated from CTRL samples (Table 3). In contrast, the
presence of B2 significantly delayed fermentation in all
biotypes considered (P < 0.05; Table 3).

The effect of Bl and B2 on LAB biotype growth
was also evaluated by GT, which is defined as the time
needed to double the population of microbes in culture
medium. This parameter can be used to evaluate the
effect of an antimicrobial agent or other compound on
microorganism growth (Forbes et al., 2016). In this
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Figure 3. Bubble chart of relative abundances of all taxa (>1%) in the microbiota of the whey samples. B1 (circles), B2 (triangles), CTRL
for B1 (squares), CTRL for B2 (plus signs) experimental groups. Different colors indicate different taxa. The size of the symbols is proportional

to the relative abundance of taxa per treatment.

study, GT was calculated to assess the effect of B1 and
B2 on LAB growth kinetics. As reported in Table 3, the
addition of B1 to the culture medium did not signifi-
cantly affect the growth of St. thermophilus biotypes.
However, B1 slowed the growth of the only Lb. helve-
ticus biotype isolated from the CTRL samples (LH2),
whereas it did not affect the LH3 strain recovered from
both CTRL and Bl whey cultures and significantly
stimulated the growth of biotypes LH1 and LH4 iso-
lated only from the B1 NWC (P < 0.05; Table 3). A
similar scenario was observed using B2 (Table 3). The
addition of B2 to the culture medium significantly (P
< 0.05) increased the GT values of all strains recovered
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from CTRL samples and promoted the growth of the
Lb. helveticus strains found in B2 whey cultures. In ad-
dition, B2 did not affect the growth of strains isolated
from CTRL and B2 NWC. As reported in Table 3, we
observed a poor correlation between the variation in
acidifying activity and growth rate. These discrepancies
were probably due to the composition of B1 and B2
and their buffering power.

Generation time was also used to determine the low-
est concentration of mycotoxin-detoxifying agent neces-
sary to inhibit LAB growth. As shown in Table 3, Bl
and B2 did not affect the growth of most St. thermophi-
lus strains but did slow growth of all Lb. helveticus
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biotypes isolated from CTRL samples. Therefore, as
for Lb. helveticus, growth of strains isolated from whey
starter related to the use of the 2 binders was stimu-

A Homology (%)

6522

lated by the presence of the specific binder, whereas
growth of strains isolated in the corresponding CTRL
starter is significantly slowed.

Biotype (n. of strains)

ST1 (15 strains)

St. thermophilus ST2 (2 strains)

ST3 (6 strains)

ST4 (3 strains)

LH1 (3 straimns)

Lb. helveticus LH2 (3 strains)

LH3 (10 strains)

LH4 (5 strains)

ST5 (14 strains)

St. thermophilus .
ST4 (2 strains)

ST6 (8 strains)
Lb. delbrueckii subsp. lactis

LDL (1 strain)

———_| LHS5 (4 strains)

LH6 (2 strains)

LH7 (2 strains)

——_| LHI (6 strains)

LHS8 (2 strains)

Lb. helveticus

LH9 (2 strams)

LH10 (2 strams)

Figure 4. Unweighted pair group method with arithmetic averages—based dendrogram derived from the RAPD-PCR analysis of Streptococcus
thermophilus (ST), Lactobacillus helveticus (LH), and Lactobacillus delbrueckii ssp. lactis (LDL) strains isolated from natural whey cultures
collected in this study. (A) Biotypes isolated from the CTRL and B1 natural whey cultures (NWC); (B) biotypes isolated from CTRL and B2
NWC. RAPD = randomly amplified polymorphic DNA; CTRL = control diet; B1 and B2 = diets with mycotoxin-detoxifying agents. The gray
triangles represent the number of strains belonging to the same biotype.
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Table 2. Streptococcus thermophilus, Lactobacillus helveticus, and Lactobacillus delbrueckii ssp. lactis isolates isolated from natural whey cultures

and Simpson and Shannon indices relating to the 2 trials'?

CTRL samples B1 samples
Day Day
No. of No. of

Species Biotype strains 1 2 3 4 strains 1 2 3 4
St. thermophilus ST1 5 X X 10 X X X X

ST2 2 X —

ST3 4 X X 2

ST4 3 X X —
Lb. helveticus LH1 — 3

LH2 3 X X

LH3 6 X X X 4 X

LH4 5 X X
Total number of strains 23 24
Simpson index 0.85 0.76
Shannon-Wiener index 1.73 1.45

CTRL samples B2 samples
Day Day

Species 1 2 4 1 2 3 4
St. thermophilus ST4 2 X —

ST5 6 X X X 8 X

ST6 4 X 4 X X
Lb. helveticus LH1 — 6 X

LH5 4 X —

LH6 2 X —

LH7 2 —

LHS8 2 X —

LH9 — 2 X

LH10 — 2 X
Lb. delbrueckii ssp. lactis LDL1 — 1 X
Total number of strains 22 23
Simpson index 0.86 0.80
Shannon-Wiener index 1.84 1.58

'Samples: CTRL = control samples; B1 = B1 detoxifying agent; B2 = B2 detoxifying agent.

*Values represent the number of strains of each biotype determined by randomly amplified polymorphic DNA (RAPD)-PCR analysis and day

of isolation.

Although the 2 mycotoxin-detoxifying agents exerted
positive and negative effects on growth of individual
biotypes, their exact mode of action remains unclear.
Presumably, these activities are related to the mineral
clays (smectite and leonardite, respectively) but they
may also be due to the other compounds (polyphenols
and humic acids) that make up B1 and B2 detoxifiers.
Williams (2019) reported that a variety of physical and
chemical processes can confer an antibacterial effect on
clays. It is known that clay minerals can adhere by
physical attraction to cell walls, hampering the pas-
sive and active uptake of essential nutrients and thus,
changing the bacterial metabolism. Alternatively, clays
may deprive bacteria of essential nutrients by adsorp-
tion. Moreover, environmental conditions can affect the
potential bacteriostatic activity of these; specifically, at
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pH <5.0 or >9.0, many metals present in hydrated clay
minerals become soluble, increasing the oxidation state
(>400 mV), which affects bacterial defenses (Williams,
2019). Polyphenols from lignin and their metabolites
can act as activators or inhibitors of bacterial growth.
Studies conducted in humans have shown that these
compounds can stimulate the development of Lactoba-
cillus in the gut, thus changing the gut microbiota com-
position (Ma and Chen, 2020). Nevertheless, how these
compounds affect bacterial development remains partly
unknown but seems related to their chemical structure
and concentration. Previous studies also reported that
the effect of polyphenols on LAB growth was strain
dependent (Tabasco et al., 2011), and the addition of
these compounds to skim milk can improve the acidifi-
cation activity of LAB strains (de Souza Oliveira et al.,
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Table 3. Kinetic parameters of acidification of milk fermented by lactic acid bacteria strains (time needed to decrease the pH by 1 unit, Tapu)
and their generation time (GT), in the presence or absence of the 2 mycotoxin-detoxifying agents'”

TApH (h) GT (h)
Source of LAB biotypes® Biotype' M M+B M M+B MIC (%)
CTRL ST2 7.2+ 0.0 6.7 + 0.3 2.1+ 0.0 2.2+ 0.1 >0.25
ST4 7.0 + 0.0 6.8 + 0.1 2.1+ 0.0 2.1+ 0.0 >0.25
LH2 >20.0 >20.0 3.1+ 1.0 4.6 + 0.3° 0.25
CTRL and B1 ST1 6.7 + 0.0° 5.5 + 0.0 2.1+ 0.0 2.0 £ 0.0 >0.25
ST3 8.8 + 0.2° 7.0 + 0.0 2.1+ 0.0 2.0 + 0.0 >0.25
LH3 17.2 + 0.2° 15.0 £ 0.1* 2.9+ 0.1 2.9 +0.2 >0.25
B1 LH1 17.6 + 0.0° 15.2 + 0.0" 3.6 + 0.5° 2.5+ 0.2% >0.25
LH4 18.7 £ 0.1° 16.8 + 0.1* 2.3 +0.1° 1.8 + 0.0* >0.25
CTRL ST4 6.3 + 0.1% 10.7 + 0.1° 2.9 + 014 4.9 + 0.1° 0.13
LH5 17.2 £ 0.2* 18.3 + 0.2° 3.1+ 014 4.3 +0.0° 0.25
LH6 >20.0 >20.0 2.4 + 0.0" 3.4 +0.2° 0.25
LH7 16.2 + 0.1* >20.0° 3.1+0.3* 4.6 + 0.5° 0.13
LHS8 >20.0 >20.0 3.2+ 0.0 5.0 + 0.2° 0.25
CTRL and B2 ST5 10.2 + 0.0* >20.0° 3.0 £ 0.0 3.1+ 0.0 >0.25
ST6 10.2 + 0.0 18.5 + 0.0° 3.3+0.1 3.24 0.0 >0.25
B2 LH1 14.8 £ 0.1* 17.7 + 0.1% 3.8 £ 0.5° 2.6 £ 0.1* >0.25
LH9 >20.0 >20.0 2.8 +0.1% 2.1 + 0.0% >0.25
LH10 18.7 + 0.1* >20.0° 3.2+ 0.28 2.4 + 014 >0.25

ABMeans with different letters within a row are significantly different (P < 0.05).

'Data are expressed as means + SD.

*M = milk; M+B = milk supplemented with B1 or B2 (0.25%, wt/vol).
*CTRL = control samples; Bl = Bl detoxifying agent; B2 = B2 detoxifying agent.
‘Biotypes of Streptococcus thermophilus (ST) and Lactobacillus helveticus (LH).

2018). Humic acids present in B2 could also promote or
hinder bacterial growth. At the present time, no litera-
ture is currently available on the effect of humic acids
on LAB strains, because these compounds have been
tested only against soil bacteria and pathogenic species.
In this case, the chemical composition of the humic
acids was considered a key factor determining the posi-
tive or negative effect on bacterial growth (Tikhonov et
al., 2010; Verrillo et al., 2021).

CONCLUSIONS

The 2 mycotoxin-detoxifying agents did not affect
LAB counts or acidifying activity of the NWC but did
affect the LAB biotypes present in NWC. We observed
an increase in the relative abundance of Bacteroidetes
when B1 or B2 was included in the cow diet, high-
lighting their effect on the gut microbiota. Detoxify-
ing agents that are blended into feed are known to
pass through the digestive tract of animals and then
discharged with feces. Because different studies have
revealed that cow feces greatly affect milk microbiota
composition, our hypothesis is that these agents shift
the fecal microbiota and, consequently, the microbial
composition of the raw milk and whey starter. Despite
the small number of strains from the NWC included
in this study, our results warrant further investigation
to better understand the complex relationship between
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the inclusion of mycotoxin-detoxifying agents in animal
feed and the microbiota composition in whey starter.
Changes in the whey microbiota can have negative con-
sequences for the quality and sensory characteristics of
the cheese.
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