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ABSTRACT

Chemical and organoleptic properties of dairy prod-
ucts largely depend on the action of microorganisms
that tend to be selected in cheese during ripening in
response to the availability of specific substrates. The
aim of this work was to evaluate the effects of a diet
enriched with hemp seeds on the microbiota composi-
tion of fresh and ripened cheese produced from milk of
lactating ewes. Thirty-two half-bred ewes were involved
in the study, in which half (control group) received a
standard diet, and the other half (experimental group)
took a diet enriched with 5% hemp seeds (on a DM ba-
sis) for 35 d. The dietary supplementation significantly
increased the lactose in milk, but no variations in total
fat, proteins, caseins, and urea were observed. Likewise,
no changes in total fat, proteins, or ash were detected
in the derived cheeses. The metagenomic approach was
used to characterize the microbiota of raw milk and
cheese. The phyla Proteobacteria and Firmicutes were
in equally high abundance in both control and experi-
mental raw milk samples, whereas Bacteroidetes was
less abundant. The scenario changed when considering
the dairy products. In all cheese samples, Firmicutes
was clearly predominant, with Streptococcaceae being
the most abundant family in the experimental group.
The reduction of taxa observed during ripening was in
accordance with the increment (relative abundance) of
the starter culture Lactococcus lactis and Streptococcus
thermophilus, which together dominate the microbial
community. The analysis of the volatile profile in rip-
ened cheeses led to the identification of 3 major classes
of compounds: free fatty acids, ketones, and aldehydes,
which indicate a prevalence of lipolysis compared with
the other biochemical mechanisms that characterize the
cheese ripening.
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INTRODUCTION

Many of the chemical and organoleptic properties of
cheeses, especially in ripened products, depend on the
biochemical processes of the microorganisms embedded
in the cheese matrix. This applies to both dairy prod-
ucts produced from raw milk and products produced
after the milk pasteurization process and the addition
of starter microorganisms. The bacteria found in the
final ripened dairy product are more able than other
microorganisms to use the available substrates, adapt-
ing their metabolism to the physicochemical variations
of the cheese environment and, as a consequence, dis-
placing other competitors during the ripening process
(Escobar-Zepeda et al., 2016; Schirone et al., 2018).
The role of each organism in the dairy product matrix
is not yet fully understood in terms of the production
of compounds related to flavor and aroma. However,
regarding food safety, at the end of the ripening time,
there is generally a decrease of gram-negative popula-
tion, including pathogen and coliform bacteria, due to
physicochemical changes that lead to the production
of antimicrobial compounds (Beresford and Williams,
2004).

Over time, interest has grown in the development of
feeding strategies to improve the chemical-nutritional
properties of milk and dairy products, assuming that
nutrition can influence milk composition in ruminants
(Chaves Lopez et al., 2016; Bennato et al., 2019; Ianni
et al., 2019a). These changes can certainly influence
the microbiological profile of dairy products during the
ripening period. For that reason, the aim of this work
was to test the effects of a diet enriched with hemp
seed on the chemical characteristics of milk and cheese
from dairy ewes, and to correlate these variations to
the microbiota characterized in the cheese environment
during the ripening period. In a recent work, the inclu-
sion of hemp seed (HS) in the diet of dairy ewes was
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effective in improving the milk fatty acids (FA) profile
by decreasing the concentration of SFA and the n-6/n-3
ratio, and increasing the amount of trans-vaccenic acid
(C18:1,trans-11) and CLA (Mierlita, 2016). Conjugated
linoleic acid, in particular rumenic acid (cis-9,trans-11
CLA), has been shown to perform an important antiox-
idant activity that protects bovine mammary epithelial
cells from lipoperoxidation and mitigates the level of
the reactive oxygen species, leading to an improvement
of mammary gland functionality (Basirico et al., 2017).

Culture-based microbiology techniques have been
used to understand the microbial component of cheese.
However, it has become increasingly clear that this
approach often fails to detect “difficult-to-culture” or
sub-dominant microorganisms. The advent of high-
throughput sequencing technologies and the use of
metagenomics have allowed comprehensive profiling of
microbial diversity in milk and dairy products, without
the need for culturing (Jung et al., 2011; Nalbantoglu
et al., 2014; Falardeau et al., 2019).

Recently, this strategy has been used to investigate
the metabolic potential in samples of naturally aged
cheeses (Wolfe et al., 2014) and to monitor the varia-
tions of microbial abundance in a surface-ripened cheese
through time (Dugat-Bony et al., 2015). This study
therefore aims to evaluate the microbiota composition
of fresh and ripened cheese obtained from lactating
ewes fed with a hemp seed supplementation.

MATERIALS AND METHODS

Experimental Design, Diets, and Cheese
Manufacturing Protocol

The experimental plan was performed according to
Directive 2010/63/EU of the European Parliament
(European Union, 2010) and Directive 86/609/EEC
(European Economic Community, 1986), which deal
with the protection of animals used for scientific pur-
poses.

Thirty-two half-bred ewes, homogeneous for age (43
+ 3 mo), days in milking (74 + 4 d), and weight (59
=+ 4 kg), were randomly divided into 2 groups of 16: a
control group (CG), whose diet received no supplemen-
tation, and an experimental group (EG), whose diet
was supplemented with 5% HS on a DM basis.

The trial was conducted for 35 d. At the end of the
treatment, bulk milk was collected from the EG and
manipulated in the same way during cheesemaking, ac-
cording to the manufacturing protocol reported below.
Bulk milk was heated at 70 £ 1°C for 15 s, cooled at
40°C and inoculated with a starter culture (Lactococcus
lactis, Streptococcus thermophilus) produced by MO-
FIN ALCE Group (Novara, Italy). Then, the milk was
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coagulated by adding kid rennet paste, and the curd
was subsequently cut into pieces similar in size to corn
kernels, heated to 42 + 1°C, and manually pressed. The
resulting cheeses, of about 1 kg each, were held at 10°C
until the next day, when they were salted in aqueous
solution containing 18% NaCl (sodium chloride). Rip-
ening was conducted at 12 + 1°C. To evaluate changes
in the chemical composition and quality attributes due
to ripening, sampling and analysis of pecorino cheese
were carried out at 1 d (T1), 30 d (T30) and 120 d
(T120) after the cheesemaking. Samples, collected in
triplicate from 3 different cheesemaking sessions, were
either analyzed immediately or vacuum-packed and
frozen at —20°C until analysis.

Chemical Analysis of Milk and Pecorino Cheese

The MilkoScan FT 6000 (Foss Integrator IMT; Foss,
Hillergd, Denmark) was used to determine the chemical
composition of milk (fat, protein, casein, lactose, and
urea).

For the cheese, AOAC International (2000) methods
were used to determine the moisture content (method
933.05), total protein (method 920.123), and ash (meth-
od 935.42). For the evaluation of total lipids, cheese
samples were subjected to acid hydrolysis. About 1 g
of each sample was heated at 80°C for 30 min in the
presence of 20 mL of ethanol and 500 pL of HCI (hydro-
chloric acid) 3.0 N. After cooling at room temperature,
2 mL of distilled water, 8 mL of petrolatum ether, and
1 g of NaCl were added to each sample. Samples were
shaken, sonicated, and centrifuged at 2,000 x g at room
temperature for 5 min to facilitate the separation of
the solution in 2 phases. The supernatants containing
non-saponifiable lipids were recovered in calibrated
round-bottom flasks, and the solvent of each sample
was evaporated to dryness with a Strike-Rotating
Evaporator (Steroglass S.r.l., Perugia, Ttaly) at 38°C.
Then, all the flasks were incubated in a stove for 1 h
at 50°C. After cooling to room temperature, they were
weighed to calculate the total lipids percentage.

DNA Extraction from the Cheese

The total DNA was extracted from milk and cheese
samples in triplicate. Samples were preprocessed to
remove fats and concentrate bacterial cells. A total of 2
g was sampled from different parts of the cheese block
and pooled to obtain a representative sample, which
was placed in a stomacher bag with 20 mL of PBS and
homogenized for 5 min. The milk samples were shaken
vigorously for 10 s before centrifugation. The cheese
solution and milk were clarified by centrifugation at
2,500 x g for 3 min at room temperature. The fatty



lanni et al.: DIETARY HEMP SEED SUPPLEMENTATION OF LACTATING EWES

layer was removed, and supernatant was collected and
centrifuged at room temperature for 5 min at 14,000
x g. Then, the supernatant was discarded and the pel-
lets were resuspended in 400 pL of PBS. Finally, the
resuspended pellets were transferred to the cartridges
provided by the Maxwell 16 Tissue DNA Purification
Kit (Promega, Madison, WI) for automatic DNA ex-
traction on the Maxwell 16 Instrument (Promega). The
DNA was then quantified by Qubit dsDNA HS Assay
(Thermo Fisher Scientific, Waltham, MA) and used for
metagenomic analysis by MinION.

Metagenomic Shotgun Sequencing with MinlON

Libraries were prepared with the low-input genomic
DNA by PCR Barcoding (SQK-PBK004, Oxford
Nanopore Technologies, Oxford, UK), following manu-
facturer’s guidelines. The DNA ends were end-repaired
and dA-tailed using the NEBNext End Repair/dA-
Tailing module (New England Biolabs, Hitchin, UK).
The PCR adapters were ligated onto the prepared ends
using the Blunt/TA Ligase Master Mix (New England
Biolabs), and a unique barcode was added by PCR.
The amplification program consisted of a 3-min step
at 95°C, followed by 14 cycles with the following con-
ditions: 95°C for 15 s, 56°C for 15 s, and 65°C for 6
min. The program ended with 1 step at 65°C for 6
min. Sequencing adapters were added prior to library
loading on the Flow cell MIN106, R9 version (Oxford
Nanopore Technologies). All purification steps were
carried out using AMPure XP beads (Agencourt, Beck-
man Coulter, Brea, CA) according the SQK-PBK004
sequencing protocol. For sequencing, the NC_48hr_se-
quencing_ FLO-MIN106_SQK-PBK004 program was
run on MinKNOW Software v.19.05.0. The 24 samples
were sequenced in 2 consecutive runs.

Bioinformatic Analysis

MinION data was analyzed as previously reported
with some modification (Beato et al., 2018; Peserico
et al., 2019). Briefly, Fast5 raw MinION files were pro-
cessed locally using the Guppy software (version 3.1.5;
https://community.nanoporetech.com/downloads) for
base calling. Barcoding was performed by Porechop
software (version 0.2.3; https://github.com/rrwick/
Porechop). These steps obtained FASTQ files output
with a quality cut-off fixed as > Q7. Quality check
analysis of raw reads was performed by using Nanoplot
(version 1.17.2; De Coster et al., 2018). Taxonomic pro-
filing of metagenomic sequences was done by Centrifuge
tool (version 1.0.3; Kim et al., 2016). Reads assigned to
viruses and phages were removed.
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a- and B-Diversity

a-Diversity defines the variety and abundance of
species in a microbial community. The complexity is
generally described by different indexes, which weight
the 2 components, richness and evenness, in different
manners. The commonly used «-diversity indexes in-
clude species observed, Shannon index, and Simpson
index. Species observed is equal to richness, and there-
fore, provides no weight to the evenness component;
Shannon index weights richness and evenness equally;
and Simpson index provides more weight to evenness.
B-Diversity indexes are calculated for each pair of
groups and represent either a similarity or difference
between the 2 groups.

The taxonomic classification generated by centrifuge
was used to measure a- and (3-diversity in R pack-
age (software for statistical computing and graphics)
by both betapart and Phyloseq (Baselga and Orme,
2012; McMurdie and Holmes, 2013). Using betapart,
a-diversity was measured by richness (total operational
taxonomic units, OTU) and evenness (Shannon In-
dex), whereas p-diversity was calculated by Jaccard
dissimilarity (83;,.). Different indexes of a-diversity (Ob-
served OTU, Chaol, ACE, Shannon, Simpson, inverse
Simpson, and Fisher) were also calculated by Phyloseq,
and for 3-diversity a pairwise permutational multivari-
ate ANOVA (PERMANOVA) test was conducted using
pairwiseAdonis (Martinez-Arbizu, 2019).

Volatile Compounds Analysis

The extraction and analysis of volatile compounds
(VOC) from cheese samples were performed according
to the procedure reported by Ianni et al. (2019¢), with
slight modifications. Five grams of grated cheese was
mixed with 10 mL of saturated NaCl solution (360 g/L),
and the mixture was homogenized with Ultra Turrax
T-25 high speed homogenizer (IKA, Staufen, Germany).
Then, 10 pL of internal standard solution (4-methyl-
2-heptanone; 10 mg/kg in ethanol) was added, and the
vials were sealed with a polytetrafluoroethylene-silicone
septum (Supelco, Bellefonte, PA) and stirred at 60°C.
The VOC were extracted from the headspace with a
divinylbenzene-Carboxen-polydimethylsiloxane  solid-
phase microextraction (SPME) fiber (length: 1 cm; film
thickness: 50/30 pm; Supelco) with an exposition time
of 50 min. The extracted VOC were analyzed by a gas
chromatograph (Clarus 580; Perkin Elmer, Waltham,
MA) coupled with a mass spectrometer (SQ8S; Perkin
Elmer). The gas chromatograph was equipped with
an Elite-5MS column (length X internal diameter: 30
x 0.25 mm; film thickness: 0.25 pm; Perkin Elmer).
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The VOC were thermally desorbed into the gas chro-
matograph injector in a splitless mode for 1 min at
250°C. The oven temperature was held at 50°C for 1
min, increased at a rate of 3°C per min up to 200°C
and held for 1 min, and then increased from 200°C to
250°C at 15°C per min and held for 20 min. Helium was
used as a carrier gas at a flow rate of 1 mL/min. The
mass spectrometer operated in electron impact ioniza-
tion mode at 70 eV, and data were collected in full-scan
mode, with a scan time of 0.2 s over a mass range from
35 to 350. Source and interface temperature were held
at 250°C. The VOC were identified by comparison with
mass spectra of a library database (NIST Mass Spectral
library, Search Program version 2.0, National Institute
of Standards and Technology, Gaithersburg, MD) and
by comparing the eluting order with Kovats indexes.

Statistical Analysis

Experiments were conducted at least in triplicate.
The data were analyzed statistically using SigmaPlot
12.0 software (Systat Software Inc., San Jose, CA) for
Windows operating system. The data were tabulated
as mean * standard deviation. One-way ANOVA was
performed. Significantly different groups were ranked
using the post hoc comparison tests (Tukey test) at
95% (P < 0.05) confidence level.

RESULTS AND DISCUSSION
Chemical Composition of Milk and Cheese

The enrichment of dairy ewes’ diet with HS did not
induce in milk quantitative changes in total fat, pro-
teins, caseins, and urea (Table 1), nor were any changes
found in pH; however, the diet supplemented with HS
significantly increased the lactose concentration (4.69
+ 0.41% vs. 5.84 + 0.49% in CG and EG respectively;
P < 0.01).

Table 1. Chemical composition of milk obtained from the control
group (CG; no supplementation) and the experimental group (EG; fed
hemp seeds at 5% of diet DM)

Diet!
Item CG EG P-value
Fat, % 6.40 £+ 0.72 5.96 + 0.62 NS
Protein, % 5.25 + 0.49 5.17 + 0.31 NS
Casein, % 4.08 + 0.39 4.00 + 0.23 NS
Lactose, % 4.69 + 0.41 5.84 4 0.49 HK
Urea, mg/100 mL 21.07 + 1.34 20.93 £+ 1.08 NS
pH 6.47 + 0.05 6.51 4+ 0.05 NS

"Data are reported as mean =+ standard deviation.
**P < 0.01.
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As in milk, the dietary supplementation did not
influence the chemical composition of cheese in terms
of total fat, proteins, and ash. As expected, the only
significant variation was in DM, which significantly
increased during ripening, but there were no differences
related to diet.

Microbiota Characterization of Cheese
During Ripening

A total of 117,100 reads were obtained by MinlON
shotgun sequencing in 2 consecutive runs. There were
77,900 unclassified reads, whereas 39,100 were classified
as microbial reads. Of those, 29,900 were bacterial and
8,800 were viral, which were not considered for micro-
biota characterization because they were not involved
in metabolic pathways.

The phyla Proteobacteria and Firmicutes were in
equally high abundance within milk samples (CG and
EG), whereas Bacteroidetes was less abundant. Bacilla-
ceae, Flavobacteriaceae, and Clostridiaceae, in descend-
ing order, were the dominant families. Details of family
abundance are illustrated in Figure 1. The scenario
changed when considering the use of the starter cul-
ture in cheese products. Indeed, the dominant phylum
in all fresh cheese samples (T1), independent of diet,
was clearly Firmicutes, with the most abundant family
being Streptococcaceae. Bacillaceae, Flavobacteriaceae,
and Clostridiaceae remained in the same order of abun-
dance, but were less represented. The starter growth
in ripened-cheese samples (T30, T120) determined the
absolute prevalence of the family Streptococcaceae.

The a-diversity was the highest overall in milk and
cheese samples (CG and EG) at T1, and lowest in the
cheese samples (CG and EG) at T30 and T120 (Table
2, Figure 2), according to all indexes used. The reduc-
tion of taxa during ripening was in accordance with the
increment (relative abundance) of the starter culture L.
lactis and S. thermophilus, which together dominated
the microbial community (97% in CG and 68% in EG).
Details of the starter culture in ripened cheeses are re-
ported in Figure 3. The EG cheese samples (T30 and
T120) showed higher OTU and Shannon Index values
than the CG cheese samples (Table 3).

Dietary HS supplementation did not influence
B-diversity in milk (P > 0.05) or cheeses from T1
to T120 (P > 0.05), despite some extant differences
between the CG and EG in cheese at T30 and T120
(Figure 4).

Volatile Profile of Pecorino Cheese

The analysis of VOC of T1, T30, and T120 cheese
samples from the CG and EG identified several chemi-
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Abundance, %

Figure 1. Most represented families of bacteria and relative abundance observed in milk samples obtained from the control group (CG, no
supplementation; dark gray bars) and the experimental group (EG, fed hemp seeds at 5% of diet DM; light gray bars).

cal families. The most abundant compounds were free
fatty acids (FFA), followed by ketones and aldehydes.
The greater concentration of FFA in all the analyzed
samples indicated the prevalence of lipolysis relative to
proteolysis.

The results at T1 showed a marked difference in FFA
between cheese samples (48.20% vs. 89.96% for CG
and EG, respectively; P < 0.01). This difference was
reduced during ripening until FFA reached comparable
values at T120 (83.07% vs. 95.78% for CG and EG,
respectively; P > 0.05). As shown in Figure 5, the lack
of a significant difference between the groups in total
FFA at T120 was due to an increase in FFA concentra-
tion in the CG cheese samples. In fact, the sum of FFA
in the EG samples did not undergo significant changes
during ripening, remaining around 90% of the total
detected VOC. Table 3 shows the detailed FFA com-
position in the various cheese samples. Concentrations

of butanoic, hexanoic, and octanoic acids increased
in the CG samples during ripening, whereas that of
decanoic acid decreased significantly (P < 0.01 for all
compounds). Concentrations of butanoic and hexanoic
acids increased (P < 0.05) during ripening in the EG
samples, although the variation was not as marked as
in the CG samples; no significant changes were noted
for the other compounds.

Higher concentrations of ketones (Figure 5) were de-
tected in the CG samples in all ripening times. In both
the CG and EG samples, the greatest concentration of
ketones was reached at T30; after that, there was an
overall decrease in these compounds, which were lower
at T120 than at T1.

Dietary HS supplementation negatively influenced
the synthesis of aldehydes in cheeses. In fact, as shown
in Figure 5, the concentration of these compounds was
very low in the EG samples, with no notable changes

Table 2. a-Diversity measured as the richness (operational taxonomic units, OTU) and evenness (Shannon) calculated by betapart (Baselga

and Orme, 2012)"

Milk Cheese T1 Cheese T30 Cheese T120
Measure CG EG CG EG CG EG CG EG
Observed OTU 2,963 2,768 2,722 2,705 185 295 133 289
Shannon diversity 7.99 7.93 7.91 7.90 5.22 5.69 4.89 5.67

'T1 = 1 d after cheesemaking; T30 = 30 d after cheesemaking; T120 = 120 d after cheesemaking; CG = control group, no supplementation; EG

= experimental group, fed hemp seeds at 5% of diet DM.
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during ripening. The results for the CG samples were
quite different. The concentration of aldehydes was
12.23% at T1 and drastically reduced during ripening,
reaching 6.64% at T30 (P < 0.01) and 2.10% at T120
(P < 0.01).

Enriching the diet of ewes with HS led to interesting
variations in dairy products at the end of the experi-
mental period. Analysis of the milk used for cheese-
making showed a significantly higher concentration of
lactose in the EG, affecting the metabolism of bacteria
present in the cheese matrix, which are responsible
for the biochemical processes that affect organoleptic
properties during ripening. The variation in lactose
concentration, as a function of the diet fed to the
animals, has been reported in other studies. Luo et al.
(2018) reported an increase in concentrations of fat and
lactose in colostrum and milk obtained from dairy ewes
in early lactation that were supplemented with soy iso-
flavones. In the same study, the authors demonstrated
a role for isoflavones in the increased concentration of
serum prolactin, which improves mammary gland func-
tion. Similar studies in cows indicated that daidzein
and genistein, other types of isoflavones, increased the
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proliferation and development of mammary epithelial
cells, milk fat and protein, and milk yield (Liu et al.,
2012; Liu et al., 2013). Isoflavones are widely repre-
sented in HS and are fundamental components of the
total polyphenol content, together with flavanones,
flavonols, and flavanols (Smeriglio et al., 2016). Tt is
therefore plausible that in our study, these compounds,
having bioactive properties, improved mammary gland
functionality and influenced the nutritional properties
of milk. Recently, it has been shown that the lactose
concentration in milk can increase as a result of feeding
a diet rich in PUFA to dairy ewes (Hamer et al., 2018).
In this regard, one of the best-characterized proper-
ties of HS is its FA composition, which comprises es-
sential constituents belonging to n-3 and n-6 classes,
which are necessary for many physiological processes,
including the maintenance of cell-membrane structure
(Crescente et al., 2018). In this study, both milk and
derived cheese samples showed a significant increase in
the total amount of PUFA (Supplemental Table S1;
https://doi.org/10.3168/jds.2019-17954), mainly due
to the increase in concentrations of linoleic acid, linole-
nic acid, and CLA. This effect at the cellular level could
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Figure 2. a-Diversity measured by Observed OTU (operational taxonomic units), Chaol, ACE (abundance-based coverage estimator),
Shannon, Simpson, inverse Simpson, and Fisher indexes, calculated in milk and cheese samples of the control group (CG, no supplementation)
and the experimental group (EG, fed hemp seeds at 5% of diet DM) after 1 d (T1), 30 d (T30) and 120 d (T120) of ripening by Phyloseq
(McMurdie and Holmes, 2013). Milk and cheeses were pasteurized. The starter culture (Streptococcus thermophilus and Lactococcus lactis) was

added for cheese production for both CG and EG.
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Figure 3. Relative abundance of the starter culture (Streptococcus thermophilus and Lactococcus lactis) after 30 d (T30) and 120 d (T120)
of ripening in both control group (CG, no supplementation) and experimental group (EG, fed hemp seeds at 5% of diet DM). *P < 0.05; ***P

< 0.001.

partly support the hypothesis of an improvement in the
functionality of the mammary gland, with a consequent
increase in lactose concentration in milk.

In light of this finding, we expected a reduction in
the pH value; however, this did not happen, and the
reasons may be manifold. As previously reported by
Salaiin et al. (2005), several compositional factors can
influence the buffering capacity of dairy products, in
particular, the concentration of small constituents (in-
organic phosphate, citrate, and organic acids) and milk
proteins, such as caseins and whey proteins.

The cheesemaking process for pecorino cheese in-
cludes a thermal treatment in the first step and the
addition of starter cultures. As expected, this manu-
facturing protocol greatly reduced the heterogeneity of
the microbiota. However, the metagenomic approach
was very useful to describe a- and (-diversity and the
relative abundance of the microbial species from milk
to the cheese during different steps of the ripening pe-
riod for both CG and EG. The microbial composition
of milk is generally influenced by different factors. The
microorganisms present in the teat canal and on the
teat surface, in the air circulating inside the farm, in
the feed, and other environmental factors (i.e., water

Journal of Dairy Science Vol. 103 No. 7, 2020

supply, general hygiene), all contribute to milk micro-
bial diversity (Quigley et al., 2013; Montel et al., 2014).
In this study, no significant differences were observed
between CG and EG in milk or cheese at T1 or along
the ripening process. The microbial diversity was thus
not influenced by the dietary hemp seed supplemen-
tation. On the other hand, differences in the growth
rate observed in the starter cultures S. thermophilus
and L. lactis emerged between the CG and EG and
suggest that substrate changes (lactose) modified the
relative abundance in ripened cheese (T30 and T120).
In particular, the CG microbiota was dominated by S.
thermophilus (~90%), with the remainder being L. lac-
tis and a few other species. Conversely, the EG cheese
showed a greater homogeneity between S. thermophilus
and L. lactis and a greater number of species present in
the cheese samples. Despite this difference, the richness
of non-starter species between the 2 groups was small
(Observed, Figure 2); the evenness (Simpson, Figure
2) defines a clearer scenario in which CG and EG are
quite distant at T30 and T120. We could not determine
whether the overgrowth of S. thermophilus led to the
reduction of diversity in the CG, or whether the greater
diversity controlled the spread of S. thermophilus in the



Table 3. Free fatty acids detected in cheese samples'

T120

T30

T1

Volatile organic
compound

P-value

CG EG

P-value

CG EG

P-value

EG

CG
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*kk

5.08 £ 0.48
21.84 £+ 2.03
37.41 + 3.51
31.14 + 2.92

14.55 £ 1.39
29.01 + 2.86
26.52 &+ 2.57
12.98 + 1.26

kk

3.07 £0.29
18.20 £ 1.77
33.51 £+ 3.12

8.71 £ 0.86
30.20 + 2.82
18.97 £ 1.81

NS

1.57 £ 0.15
13.30 £+ 1.26
41.63 + 3.78
33.46 £+ 3.11

1.33 £ 0.14
4.59 £+ 0.42
20.80 £ 1.86
21.49 + 1.98

Butanoic acid

ok
kok

3k
k3%
3k

Hexanoic acid
Octanoic acid

ok

27.8 £ 2.65
0.12 £ 0.02

5.52 £ 0.53

Decanoic acid

ND

0.32 £+ 0.04

ND
ND

ND

ND

ND

Undecanoic acid

*

ND

ND

ND

ND

Dodecanoic acid
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"Data are reported as mean + standard deviation; CG = control group, no supplementation; EG = experimental group, fed hemp seeds at 5% of diet DM; T1 = 1 d after cheese-

making, T30 = 30 d after cheesemaking, and T120 = 120 d after cheesemaking; ND = not detectable.

*P < 0.05; **P < 0.01.
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EG. Further microbiological trials are needed to under-
stand these dynamics.

To date, the most evident difference between L. lactis
and S. thermophilus is in the size of the genomes and
thus, the number of genes (Pastink et al., 2009). The
model of L. lactis contains 2,563 genes, compared with
1,889 genes in the S. thermophilus model. This would
suggest more extensive metabolism pathways for L.
lactis, but the total absolute numbers of reactions are
similar: 522 for S. thermophilus and 598 for L. lactis.
This parameter should demonstrate, at least in part,
that the variations in the relative abundance of the 2
strains observed during ripening were determined by
different capacities to adapt to the substrate present
in the cheese matrix. In an attempt to correlate the
observed increase in lactose in EG milk samples, with
the metagenomic analysis, it should be noted that
lactose is the main carbon and energy source for L.
lactis and S. thermophilus, and it is metabolized by
fermentation into L-lactate or D-lactate or a racemic
mixture of both. This process represents an essential
mechanism for the production of all cheese varieties;
in fact, lactate has been reported to contribute to the
flavor of acid-curd cheeses and ripened-cheese varieties
(McSweeney and Sousa, 2000). Lactose enters the in-
tracellular environment through the action of a lactose
permease and hydrolysis to glucose and galactose by a
B-galactosidase. With regard S. thermophilus, glucose
is used by the glycolytic pathway, whereas galactose is
not metabolized but is secreted in the medium by an
antiporter, which allows cells to uptake additional lac-
tose (Gunnewijk et al., 2001). Galactose accumulation
in dairy products can lead to several problems, includ-
ing toxic effects on consumers affected by galactosemia,
a genetic disorder of galactose metabolism. Lactococcus
lactis can metabolize galactose through a gene cluster
that includes genes encoding a high-affinity galactose

Height

00 02 04 06 08
MIlkEG —
MilkCG —
Cheese T30 CG
Cheese T120CG
Cheese T30 EG
Cheese T120EG

Cheese T1EG —
Cheese T1CG

Figure 4. 3-Diversity in milk and cheese samples after 1 d (T1),
and after ripening 30 d (T30) and 120 d (T120), obtained from both
control group (CG, no supplementation) and experimental group (EG,
fed hemp seeds at 5% of diet DM). 3-Diversity was calculated by
Jaccard dissimilarity (Bj,.)-
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Figure 5. Most represented families of volatile compounds ob-
served in cheese samples obtained from the control group (CG, no
supplementation; dark columns) and the experimental group (EG, fed
hemp seeds at 5% of diet DM; light columns) after 1 d (T1), 30 d
(T30) and 120 d (T120) of ripening. FFA = free fatty acids. Data
are reported as percentage values (*P < 0.05; **P < 0.01); error bars
represent positive values of standard deviation.
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permease and enzymes involved in degradation of
galactose (Grossiord et al., 1998). This would explain
why L. lactis is better able to use lactose, which could
explain, at least in part, the increase in L. lactis in the
EG cheese samples during ripening.

Based on results from the metagenomics analysis,
we evaluated the volatile profile of the cheeses to de-
termine changes in VOC during ripening. The forma-
tion of VOC in dairy products is closely related to the
substrates present in the matrix and the quantity and
type of bacteria, which are selected during ripening in
response to the substrate. The enrichment of ruminant
diets with matrices rich in bioactive compounds can
have direct effects on the volatile profile of dairy prod-
ucts at different ripening times (Tanni et al., 2019a,b;
Bennato et al., 2020).

In this study, among the identified families of com-
pounds, FFA were present in greater concentrations in
all samples, consistent with prevalence of the lipolytic
process compared with other catabolic mechanisms.
The rennet paste used during cheesemaking, in addition
to the proteolytic component consisting of chymosin
(80-90%) and pepsin (10-20%), also has lipolytic po-
tential, which contributes to the development of cheese
aroma during ripening. The data reported in the lit-
erature on the activity of these enzymes are extremely
variable, making it difficult to clarify their properties
and specific contributions to cheese flavor. However,
lipases commonly characterizing the rennet paste are
mainly pregastric in origin and are highly specific for
triglycerides containing short-chain FA (Collins et al.,
2003). Indeed, the FA profile of both milk and cheese
samples (Supplemental Table S1; https://doi.org/10
.3168/jds.2019-17954) showed that HS supplementa-
tion increased concentrations of SFA (from C4 to C10),
confirming the prevalence of lipolytic mechanisms in
EG samples, especially in the first part of the ripening.
The FFA concentration in the EG samples begins at
higher levels and remains almost unchanged at T1, T30,
and T120, whereas in CG samples, the concentration of
FFA increases progressively during ripening, reaching
the levels of the EG samples only at T120.

This interesting behavior, in addition to the varia-
tions in individual FFA, may reflect the microbiologi-
cal variations observed. In particular, concentrations
of butanoic and hexanoic acids were increased in CG
samples; these VOC, if identified in surface-ripened
cheese types, are commonly reported to cause un-
pleasant aromatic notes defined as rancid, cheesy, and
sweaty (Kilcawley, 2017). We detected few differences
in concentrations of ketones and aldehydes among the
samples analyzed during cheese ripening, and their con-
tribution to the aromatic profile requires further and
more specific evaluations.


https://doi.org/10.3168/jds.2019-17954
https://doi.org/10.3168/jds.2019-17954
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CONCLUSIONS

Dietary HS supplementation in ewes was effective
in increasing the lactose content in milk. The metage-
nomic approach was very useful in evaluating the
growth rate of the starter culture S. thermophilus and
L. lactis in ewe milk cheese during ripening, leading to
the characterization of microbial diversity in the EG,
presumably due to the substrate change. Furthermore,
we also noted interesting variations in cheese volatile
profile during ripening, with potential effects on flavor.
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