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Pink discoloration defects in cheese manifests as the appearance of pink patches within cheese
blocks and has recently been associated with Thermus thermophilus. Swiss-type cheeses were pre-
pared at pilot scale using thermophilic starter cultures, Propionibacterium freudenreichii, and one
of Thermus thermophilus HB27, Thermus scotoductus SE/ or Thermus thermophilus DPC6866 or a
control without Thermus. Significantly, a higher level of redness was observed in cheeses with Ther-
mus thermophilus HB27 relative to the other cheeses and suggests that the development of the pink
defect is dependent on the strain of Thermus present and on other, as yet unknown, factors that

require further study.

Keywords Pink defect, Swiss cheese, Thermus scotoductus, Thermus thermophilus.

INTRODUCTION

Pink discoloration is an international problem
affecting the cheese industry and has been
observed in different cheese varieties, for exam-
ple Cheddar, Emmental and Parmesan. This pink
discoloration may appear as a band underneath
the surface of cheese or may be sporadically dis-
tributed within the cheese. It has been suggested
that there are many factors influencing this
defect, including those of physical, biochemical
and microbial origin (Daly et al. 2012).

Some studies have attributed pink defect to
microbial factors. In one instance, a pink defect
in New Zealand Cheddar cheese, produced with-
out an added colorant, was attributed to high
levels of galactose accumulation in the cheese
samples linked to metabolism of lactose by
Streptococcus thermophilus, combined with a
critical concentration of oxygen and reactions
with low molecular weight nitrogen compounds
during maturation (Martley and Michel 2001). A
potential microbial origin for pink discoloration
was also investigated in Romano cheese and led
to suggestions that the starter bacteria Lacto-
bacillus bulgaricus 12278 ATCC and Lacto-
bacillus helveticus 10797 ATCC, which create a
higher oxidation-reduction potential, were

associated with discoloration (Shannon et al.
1969). It was also proposed that tyrosine, ascor-
bic acid, pyruvate and fumarate accelerated the
pink defect in the cheese curd in the presence of
these starters (Shannon and Olson 1977). In
contrast, the starters S. thermophilus Mc and
Lactococcus lactis ATCC 11061 were not asso-
ciated with defect formation. Single cultures
formed the defect in a shorter time than cultures
combined in different ratios, that is 1:1 and 4:1
of S. thermophilus and Lactobacillus delbrueckii
subsp. bulgaricus where an occurrence of the
defect was delayed (Shannon and Olson 1969).
Higher levels of tyrosine crystals and free amino
acids in soluble nitrogen have also been found
to reflect a correlation between proteolysis and
pink defect in Grana cheese made with a single
strain starter, that is L. helveticus (Bottazzi et al.
2000).

The involvement of nonstarter bacteria has
also been mooted. Carini et al. suggested that
metabolic interactions of Epicoccum with yeast,
Micrococcus and Flavobacterium resulted in
pink discoloration in Fontina cheese (Carini
et al. 1979). They also observed that the pink
colour was associated with casein but not with
the fat phase, and the colour change could be
reversible when pH varied (Carini et al. 1979).
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In another instance, Pseudomonas synxantha was isolated
from a discoloured area of Mozzarella; it was found that
these bacteria reproduced a brown-red colour on regular
Mozzarella cheese (Giussani and Carini 1980). It was also
noted that strains closely related to the carotenoid-producing
bacterium Brevibacterium linens were identified in Roque-
fort cheese with an orange-reddish colouration (Font de Val-
dez et al. 1986). From a yeast-specific perspective,
production of melanin-like pigments by the yeast Yarrowia
lipolytica, which is DOPA and tyrosine positive, and for
which Mn** is a strong activator for pigment production,
was reported to be responsible for brown surface discol-
oration in Portuguese Ewe’s cheese (Carreira et al. 1998).
Finally, while there have been no records in the literature of
the formation of a pink defect by toxigenic bacteria, an Ital-
ian group recently applied next-generation sequencing to
study a pink defect in Ricotta cheese and found the pres-
ence of spore-forming toxigenic bacteria related to the
Bacillus cereus group at higher levels in defect cheeses. It
was suggested that raw materials used in the manufacture,
such as whey, might generate ideal conditions for the
growth of this bacterium in Ricotta cheese (Sattin er al.
2016).

As noted, microbial sources of pink defect may be inves-
tigated through the use of metagenomic sequencing
approaches. These technologies have been applied with
increasing frequency to the cheese microbiota in recent stud-
ies (Filippis et al. 2017; Yeluri Jonnala et al. 2018). A pre-
vious study from our group, and utilising metagenomic
sequencing analysis, revealed the presence of high levels of
Thermus strains (formerly known as Flavobacterium) in
pink defect cheese, and functional and spectrometric analy-
sis supported the hypothesis that this phenomenon was due
to carotenoid synthesis by Thermus strains (Quigley et al.
2016). To build upon this work, the objective of this study
was to compare different strains of Thermus and to deter-
mine their ability to produce a pink defect in cheese. The
Thermus strains used were T. scotoductus SE-1, T. ther-
mophilus HB27 and T. thermophilus DPC6866, a strain iso-
lated from a pink defect cheese.

MATERIALS AND METHODS

Castenholz media preparation

Castenholz TYE (Tryptone Yeast Extract) media was chosen
for selective enumeration of Thermus bacteria. It was pre-
pared by mixing 500 mL of 2x concentrated Castenholz
salts with 100 mL of 1% TYE solute (10.0 g tryptone,
10.0 g yeast extract dissolved in 1 L d.H,O) and 400 mL
of d.H,O. The final pH of Castenholz TYE medium was
adjusted to pH 7.6 using hydrochloric acid (HCI). For
preparation of the corresponding agar, 3% (wt/vol) bacterio-
logical agar was added to the final solution and autoclaved
at 121 °C for a 15-min cycle.

Castenholz salts (2x) contain that 0.2 g nitrilotriacetic
acid, 0.12 g CaSO42H,0, 0.2 g MgSO4.H,0, 0.016 g
NaCl, 0.21 g KNO3;, 1.4 g NaNO;,0.22g Na,HPO,, 2.0 mL
FeClzsolution (0.03%) and 2.0 mL Nitsch’s trace elements
(0.5 mL H,SO4, 2.2g MnSO,4, 0.5g ZnSO47H,O, 0.5g
H3BO3, 0016g CUSO4 '5H20, 0025g NazMOO4'2H20 and
0.046g CoCl,-6H,O were dissolved in 1 L of distilled
water) were added and final volume was made up to 1 L
with d.H,O, followed by stirring until all salts get dissolved
and adjusted pH to 8.2.

Culturing of Thermus

Thermus scotoductus SE-1 DSMZ 8553 and T. thermophilus
HB27 DSMZ 7039 were obtained from DSMZ — the Ger-
man Collection of Microorganisms and Cell cultures (Braun-
schweig, Germany). Thermus thermophilus DPC6866
(Moorepark Culture Collection, Fermoy, Ireland) was iso-
lated from a pink defect cheese. Thermus strains were
grown using Castenholz TYE medium at 60 °C in a shaking
incubator for 48 h. As the bacteria are highly thermophilic,
it grows vigorously at this temperature thus avoiding growth
of other bacteria. For plating, Castenholz media with 3%
bacteriological agar was used and incubated at 55 °C for
3 days.

Thermus culture preparation

Thermus cultures were grown in Castenholz medium for
48 h to obtain the desired quantity, that is 109 cfu/mL, and
cells were collected by centrifugation at 400 rpm for
20 min and resuspended in 10% reconstituted skim milk
powder before adding to cheese milk prior to cheese manu-
facture.

Cheese manufacture

Swiss-type cheeses were manufactured in three replicate
trials at pilot scale with each vat stainless steel vat contain-
ing 454 kg of milk and equipped with automated variable-
speed cutters and stirrers (APV Schweiz AG, Switzerland).
Milk used for cheese manufacture was obtained from the
Teagasc AGRIC Moorepark dairy herd, standardised to a
~1.17:1 protein to fat ratio and pasteurised at 72 °C for
15 s. Three experimental treatments were performed in the
cheese trials along with a control, as follows: control with
starter cultures only, Exp 1 with starter cultures and 7. sco-
toductus SE-1 (from now onwards Scot SE-1), Exp 2 with
starters and 7. thermophilus HB27 (from now onwards
Therm HB27), Exp 3 (as a positive control) starter cultures
and T. thermophilus DPC6866 (from now onwards Therm
DPC6866) strain isolated from pink defect cheese. Starter
cultures were inoculated into each vat at 32 °C, at a stan-
dard inoculum rate of 0.11% Lactobacillus helveticus
(DPC6865 108 cfu/mL), 0.11% S. thermophilus (DPC6986
108 cfu/mL) and 0.0008% Propionibacterium freudenre-
ichii (PAB) (DPC6451 108 cfu/mL). After a 1 h, 15.5 mL
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of heat labile chymosin (Thermolase-endothiapepsin, Chr.
Hansen Ltd, Cork, Ireland) was diluted in 450 mL of RO
water and added to the milk. On reaching appropriate gel
firmness by visual inspection, a cut programme of §-min
duration was undertaken where curd particles were cut to a
size of 5 mm’. After a 3-min healing period, the curd/
whey mixture was stirred and cooked with an increase of
1 °C/2 min from 32 °C to 45 °C, and 1 °C/ min from
45 °C to 50 °C. Curds were drained, followed by pre-
pressing with increasing pressure from 3 to 5 kPa. Whey
was then drained from the prepress vat, and the pre-
pressed curd was subsequently cut into 10-kg wheels (3
wheels from each vat), placed into 10 kg moulds and
pressed vertically under increasing pressure from 3.3 to
14 kPa for ~3.5 h. When a pH of 5.3 was achieved, the
cheeses were subjected to brining for 24 h. Post brining,
cheeses were vacuum packed and placed in maturation.
Three 10 kg rounds of cheese were obtained from each
vat, which were matured at 8 °C for 2 weeks, at 22 °C
maturation for 8 weeks followed by 4 °C until 144 days
of maturation.

Cheese composition analysis

Sampling of cheese was performed aseptically according to
the standard protocol of the International Dairy Federation
(IDF std 50 2011). The gross composition of cheese sam-
ples was analysed using the standard methods: salt (IDF
1988), moisture (IDF 1982), salt in moisture (S/M) and fat
(IDF 1986) at 11 days post-manufacture. pH analysis was
performed on a cheese slurry made from 20 g of ground
cheese and 12 g of dH,O throughout maturation at days 1,
11, 46, 60, 80, 116 and 144 (Sheehan ez al. 2007).

Primary and secondary proteolysis

Levels of nitrogen soluble at pH 4.6 expressed as a % of
total cheese nitrogen (% pH4.6 SN/TN) were used as an
index of primary proteolysis in cheese. It was determined
by the use of a modified method as described by Hickey
et al. (2007) and Lynch and Barbano (1999). The pH 4.6-
SN extract was used for free amino acids (FAA) analysis at
1 to 144 days of maturation. Analysis was carried out as
described by Fenelon et al. (2000). Ion-exchange chro-
matography with post-column ninhydrin derivatisation was
used to separate free amino acids (FAAs) with visible col-
orimetric detection as described by Hickey et al. (2018).
Mean values of three replicate trials are reported.

Short-chain volatile acid analysis

Acetic acid, propionic acid and butyric acid (C2:0, C3:0,
C4:0) were recovered by distillation (Kjeltec, Denmark) and
quantified by ligand-exchange, ion exclusion high-
performance liquid chromatography (HPLC) (Kilcawley
et al. 2001). Analysis of short-chain volatile acid (SCVA)
was undertaken at 60 days and 144 days of maturation.

Microbial counts

To enumerate bacterial counts in cheese, samples were
removed aseptically and diluted to a 1:10 concentration with
sterile 2% trisodium citrate (Sigma Ltd., Arklow, Wicklow,
Ireland) and homogenised with a Seward Stomacher 400
laboratory system (Seward Ltd., Worthing, West Sussex,
UK) for 10 min. The homogenised mixture obtained was
subjected to serial dilution in test tubes containing 9 mL of
diluents (Sheehan et al. 2007). In duplicate, viable S. ther-
mophilus cells were enumerated on M17 agar (Oxoid Ltd.,
Basingstoke, UK) with 0.5% lactose (Oxoid Ltd.) incubated
at 42 °C for 3 days. L. helveticus cells were enumerated on
MRS agar (Oxoid Ltd.) adjusted to pH 5.4, at 37 °C for 3
days under anaerobic conditions (Sheehan et al. 2007). PAB
levels were enumerated on sodium lactate agar containing
40 pg/mL kanamycin (Sigma Ltd. Arklow, Ireland) at 30 °C
for 7 days under anaerobic conditions (Drinan and Cogan
1992). Nonstarter lactic acid bacteria (NSLAB) were enu-
merated aerobically on Lactobacillus selective (LBS) agar
(Difco) at 30 °C for 5 days aerobically (Rogosa et al.
1951). Thermus counts were enumerated on Castenholz agar
at 55 °C for 3 days (Quigley ef al. 2016).

Colour evaluation

The intensity of redness in cheese samples was detected at
the rind (immediately below the surface of cheese) and at
the cheese core (centre of cheese) with a colorimeter (CR-
400 Chroma meter; Konica Minolta, Osaka, Japan) using
the Hunter L*, a*, b* scale. The colorimeter was calibrated
using a Konica Minolta white plate prior to analysis of the
freshly cut cheese.

Statistics

Statistical analysis was conducted on four experimental
cheese types from three replicate trials using SPSS statistics
software (version.24: IBM Corp. 2016). An ANOVA was
applied to determine compositional, FAA, SC volatile acids
and colour difference between treatments (Control, addition
of Thermus strains). Repeated measures ANOVA with
Greenhouse-Geisser correction (SPSS, version 24 IBM) was
used to determine the effect of treatments effect of matura-
tion time and their interaction on microbial (S. thermophilus
and L. helveticus viability, NSLAB and Thermus strains via-
bility during maturation) and biochemical (pH, pH 4.6 SN)
parameters measured at regular intervals during maturation.
The post hoc tests Tukey’s HSD and Dunnet > control test
(Keppel and Wickens 2004) were used for pairwise compar-
ison of treatments at level of significance P < 0.05.

RESULTS AND DISCUSSION

Composition
The gross composition of cheese at 11 days of maturation is
summarised in Table 1. Statistical analysis of cheeses
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showed no significant difference among treatments for levels
of salt (P = 0.740), moisture (P = 0.978), salt in moisture
(S'M) (P = 0.656), fat (P = 0.56), fat in dry matter (FDM)
(P =0.506) and moisture in nonfat substance (MNFS)
(P = 0.868). The composition of all experimental cheeses is
similar to those obtained in previous studies of Swiss-type
cheese (Ben Lawlor et al. 2003; Thierry et al. 2005; Heino
et al. 2008; Sheehan et al. 2008). The moisture content in
the cheeses was ~40% (wt/wt) with MNFS levels at ~50%
(wt/wt). All cheeses had similar levels of fat ~20% (wt/wt)
and of FDM ~33% (wt/wt).

The concentration of salt and S/M in the current cheeses
ranged between 1.16-1.27% (wt/wt) and 2.89-3.17% (wt/
wt), respectively. These levels are suitable for the growth of
NSLAB as they are relatively salt tolerant. The inwards dif-
fusion rate of salt in the cheese also influences growth of
PAB during maturation, as PAB are sensitive to salt (Shee-
han et al. 2008); >4% (wt/wt) S/M can inhibit its growth
(Fox et al. 2017a). Overall, it is evident that inclusion of
different strains of Thermus bacteria; that is, Scot SE-1,
Therm HB27 and Therm DPC 6866 during manufacture did
not influence the composition of cheeses at either 1 day or
11 days of maturation.

Microbial counts

Bacterial counts of starter culture, NSLAB and Thermus
strains were determined during the maturation period
(Table 2) to determine whether any inhibitory affects
occurred between the cultures, that is starter cultures on
Thermus strains and vice versa. Counts of starter bacteria,
that is L. helveticus and S. thermophilus, at 88 days of mat-
uration ranged between 67110 cf/g and 7.3=7.510g10 cfu/
g, respectively. There was no significant difference observed
between control and treatment groups for counts of L. hel-
veticus (P = 0.214) and S. thermophilus (P = 0.283). The
counts of starter bacteria are similar to those observed by
Sheehan et al. (2008) in semihard cheese. Growth of

moisture, salt concentration, temperature, pH and production
of bacteriocins by some bacteria (Fox et al. 2017b). The
starter bacteria, that is L. helveticus and S. thermophilus,
grow vigorously at the early stages of manufacturing and
are controlled by the high cooking temperatures (45-50 °C)
with a max scald at 50 °C. Later, lysis of these bacteria con-
tributes to maturation by releasing intracellular lipases, pro-
teinases and peptidases (McSweeney 2004; Hickey et al.
2018).

Mean viable counts of P. freudenreichii for all cheeses were
>81og10 cf/g at 144 days of maturation, with levels in cheese
Therm DPC6866 being significantly higher (P = 0.024) than
other treatments. The optimal growth temperature for PAB is
30 °C, during hot room maturation (22 °C) P. freudenreichii
grows and transforms lactate to acetate, propionate and CO,,
which are responsible for the characteristic eye formation in
Swiss cheese (Fox et al. 2017b). Growth of PAB can also be
influenced by the manufacturing procedure, maturation time,
temperature and pH (Sheehan et al. 2008). PAB are the main
source of lipolysis in Swiss cheese, and maturation at warm
room temperature favours this activity (Thierry et al. 2005).
As there was no significant difference in any of the fore men-
tioned parameters during manufacture or maturation cheeses,
the reason for the significantly higher levels of PAB in Therm
DPC6866 cheeses was not clear and should be a subject of
future research.

Mean viable counts of NSLAB ranged between 6.5 and
8.3L0g10 /g at 144 days of maturation, with Therm HB27
cheese having significantly lower counts (P = 0.044) than
the other cheeses. NSLAB can be sourced from milk, manu-
facturing equipment, and the cheesemaking environment
(Fox et al. 2017b) and their growth may be influenced by
fat content (by releasing carbon sources, i.e. sugars from the
fat globule membrane for propagation) and by MNFS levels
(Fenelon, O’Connor and Guinee 2000). However, the milk
used for treatments in each trial was sourced from the same
milk supply, and similarly, the manufacturing equipment

microorganisms in cheese is controlled by factors such as and environment were the same for all cheeses.
Table 1 Composition and pH of cheeses at day 11 of maturation (Standard deviation)™.
Moisture Salt

Day 11 (Yowt/wt) (Yowt/wt) S/M (Y%wt/wt) Fat (%owt/wt) FDM (%wt/wt) MNEFS (%wt/wt) pH

Control 40.15 (0.80) 1.26 (0.11) 3.14 (0.21) 20.16 (0.86)  33.69 (1.33) 50.29 (0.94) 5.26 (0.25)
Thermus Scotoductus SE1 39.92 (0.51) 1.25(0.14) 3.13 (0.39) 20.36 (0.17)  33.89 (0.57) 50.12 (0.74) 5.24 (0.09)
Thermus thermophilus HB27 40.06 (1.05) 1.27 (0.13) 3.17 (0.27) 19.83 (0.18)  33.09 (0.85)  49.97 (1.41) 5.22 (0.14)
Thermus thermophilus DPC6866 40.21 (1.02) 1.16 (0.15) 2.89 (0.32) 20.62 (1.01) 34.49 (1.37) 50.66 (0.97) 5.26 (0.12)

Standard deviation calculated for three replicated trials is mentioned in brackets.

PAll cheeses have statistically similar levels of moisture, salt, salt in moisture (s/m), fat, fat in dry matter (FDM), moisture in nonfat substance

(MNES) and pH on 11 days.

“The data are mean of data from 3 replicate trials. Level of significance P < 0.05.
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Table 2 Mean viable counts of (Log;¢ .f/g) of primary and secondary starters and NSLAB in cheese during maturation (SD).

Thermus thermophilus Thermus thermophilus

Bacteria and days of sampling Control Thermus Scotoductus SE-1 HB27 DPC6866
Lactobacillus helveticus (day 88) 7.1 (0.7) 6.7 (0.5) 6.4 (0.4) 7 (0.6)
Streptococcus thermophilus (day 88) 7.2 (0.5) 7.2 (0.9) 7.5 (0.8) 7.3 (0.9)
Propionibacterium freudenreichii (day 144) 8.3% (0.1) 8.2 (0.2) 8.5%° (0.03) 8.7% (0.02)
NSLAB (day 144) 7.4 (0.7) 8.3% (0.2) 6.5% (0.5) 8% (0.1)

Data presented are the mean of data from 3 replicate trials. Data within row not sharing common superscript differ in case of levels PAB and NSLAB

with significance levels: *P < 0.05, *°P > 0.05.

Additionally, there was no significant difference in levels of
cheese fat (~20%wt/wt), again eliminating it as a factor for
differences in levels of NSLAB. Any further reasons for the
lower levels of NSLAB in the cheese containing Therm
HB27 have not been established and should be the focus of
further research.

Thermus (Figure 1) was enumerated on Castenholz media
throughout the maturation period. There was no significant
effect of maturation time (P = 0.217), treatment (P = 0.480)
or their interactions (P = 0.543) on counts of Thermus.
Although Scot SE-1 were inoculated into milk at levels simi-
lar to other Thermus strains, counts of Scot SE-1 were ~1.5
log lower compared to other Thermus strains observed,
although this difference was not statistically significant. From
the counts observed, it is evident that the Thermus bacteria
survived at both higher and low maturation temperatures. The
absence of Thermus in the control cheese ensures that there
was no cross contamination during manufacture and that the
cheese manufacturing environment was free from Thermus
bacteria. There is still a large knowledge gap around many
aspects of Thermus, particularly with respect to their presence
in food matrices. Further research should be focused on areas
such as salt sensitivity of different Thermus strains within
these matrices, as it has been identified that some strains of
Thermus species are sensitive to levels greater than 3% salt
within their environment (Silva et al. 2003).

Cheese pH during maturation

There was a significant increase in pH (P < 0.001) up to
146 days of maturation for all cheeses with a marked
increase from 1 days (~ 5.2) to 60 days (~5.5) and remain-
ing at ~5.5 thereafter (Figure 2). There was no significant
effect of treatments (P = 0.986) or interactions between
time and treatments (P = 0.810) on cheese pH. As no differ-
ence in pH was observed between treatment groups, this
suggests that Thermus has no effect on those key metabolic
reactions that occur in Swiss-type cheese.

Proteolysis during maturation
The level of soluble nitrogen at pH 4.6 expressed as a per-
centage of total nitrogen (% pH4.6SN/TN) is an index of

primary proteolysis occurring in cheese during maturation.
Levels of %pH 4.6-SN/TN increased significantly during
the maturation period (P < 0.001) with a rapid increase
from 1 day ~ 2.8 to ~16.9% at 60 days. Thereafter, levels
were maintained at ~19.7% until 146 days. Elevated levels
of casein hydrolysis during hot room maturation contributed
to an increase in pH 4.6-SN/TN for the first 60 days of mat-
uration (Sheehan et al. 2008). There were no significant dif-
ferences in levels of pH4.6-SN/TN observed for the effect
of treatment (P = 0.922) or any interaction between time
and treatment (P = 0.881). Levels of % pH4.6-SN/TN
obtained for all treatment groups are similar to those
reported for Swiss-type cheese (Beuvier et al. 1997; Shee-
han et al. 2008); thus, it was concluded that the Thermus

Thermus Counts
10

Counts of Thermus (log 10 cfu g of cheese)

0L — ~ - - - - -
1 11 46 60 80 116 144

Ripening Days

Figure 1  Counts of Thermus in cheeses inoculated with different Ther-
mus types during maturation as determined by a culture-based method.
Control cheese contains starters alone, while other experiment groups
have Thermus. Data presented are the mean from 3 replicate trials. Level
of significance P > 0.05. [J, Control; @, T scotuductus SE-1; W, T. ther-

mophilus HB27; ¥4, T. thermophilus DPC6866.

704 © 2021 The Authors. International Journal of Dairy Technology published by John Wiley & Sons Ltd on behalf of Society of Dairy Technology

85U8017 SUOWILID BAFe81D) 8|l |dde 8y Aq pauenob aJe Sajolfe YO ‘8sn JO Sa|nJ Jo Akeiq 1T 8UIUO A3 UO (SUO|pUoD-pue-SWLB) LD A8 | AReJq el juo//:SdnY) SUORIPUOD Pue SWiB | 84} 88S *[220z/0T/.2] uo ArigiTauliuo A8|im ‘osefes | Aq 008ZT"L0E0-TLYT/TTTT OT/I0p/woo A8 M Aiq1jeul|uo//Sdny wouy pspeo|umod ‘v ‘TZ0e ‘L0E0TLYT



Vol 74, No 4 November 2021

bacterial strains used in the present study did not have any
impact on primary proteolysis during cheese maturation.

The levels of individual FAAs are at 144 days of matura-
tion. There was no significant difference observed in levels
of any of the individual FAAs (Asp, Thre, Ser, Glu, Gly,
Ala, Cys, Val, Met, Ile, Leu, Tyr, Phe, His, Lys, Arg, Pro)
assessed between treatment groups (P > 0.05).

Short chain volatile acids
The levels of SCVAs were determined on 60 days and 144
days of maturation.

Butyric acid

A significant increase in levels of butyric acid was observed
during maturation time (P = 0.02) (Figure 3c), while no sig-
nificant effect of treatment (P = 0.341) and no interaction
was observed between maturation time and treatment
(P =0.88).

Acetic acid

There was no significant difference in the levels of acetic
acid during maturation (P = 0.80) (Figure 3a) and no signif-
icant interaction between maturation time and treatment
(P = 0.339), but a significant difference was observed for
the effect of treatment (P = 0.025), where Therm DPC6866
had significantly higher levels of acetic acid in comparison
with Therm HB27 at both 60 days (P = 0.040) and 144
days of maturation (P = 0.009). The difference in acetic
acid levels could be associated with the high counts of PAB
in Therm DPC6866 (8.7 Logig «/g) and lower counts of
NSLAB in Therm HB27 (6.5 Logo f/g). As 75% of acetic
acid in Swiss cheese is formed as a result of PAB metabo-
lism (Thierry et al. 2005), while NSLAB also contribute to

5.65

5.15 L L L L L . L
1 21 41 61 81 101 121 141

Ripening Days

Figure 2 The impact of different treatments on pH of cheese obtained
during ripening. Control cheese contains starters alone while other exper-
iment groups have Thermus. B, Control; ¢, T. scotuductus SE-1; @, T.
thermophilus HB27; A, T. thermophilus DPC6866.

acetate production from lactic acid and citrate (McSweeney
2004; Fox et al. 2017b).

Propionic acid

A significant increase in levels of propionic acid was
observed from 60 days to 144 days (P = 0.02) (Figure 3b),
and no interaction between maturation time and treatment
(P =0.185) was observed, and there was no significant
effect of treatment (P = 0.115). Propionic acid in cheese is
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Figure 3 The effect of different treatments on levels of short chain
volatile acids at 60 days and 144 days of maturation. Control cheese con-
tains starters alone, while other experiment groups have Thermus.O, 60
days; l, 144 days. (a) Acetic acid, (b) Propionic acid and (c) Butyric
acid. (a,c) Data not sharing similar superscript are significantly differed P
< 0.05. Data presented are the mean from 3 replicate trials. Level of sig-
nificance P > 0.05.
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largely produced by metabolism of lactic acid by PAB-
forming propionic acid, acetic acid and CO,.

Colour analysis

Colorimetric analysis of the experimental cheese samples
using Hunter L,*a,*b values showed a significantly greater
red colour in Therm HB27 cheese at both the rind
(P = 0.005) and core (P < 0.001) of the cheese in compar-
ison with other cheeses (Figure 4). The levels of redness
detected in Therm DPC6866 cheese, which could be
regarded as a positive control by virtue of containing Ther-
mus strain isolate from a defect pink cheese, were lower
than that of the Therm HB27 cheese. The greater redness in
Therm HB27 could be related to the carotenoid production
ability of Thermus bacteria. A carotenoid production path-
way is presented in Thermus bacteria in which f-
cryptoxanthin and zeaxanthin are precursors in the forma-
tion of thermocryptoxanthin and thermozeaxanthin (glycosy-
lated forms of precursors) (Yokoyama et al. 1996). These
carotenoids have a high thermo-stability (Yokoyama et al.
1995), and thus, they can sustain the high cooking tempera-
tures of Swiss cheese manufacture. A well-studied mecha-
nism of carotenoid production by light in Thermus is by the
expression of LitR (light-inducible transcriptional regulator)
and LdrP (light-dependent regulatory protein) by the photol-
ysis dissociation of AdoB12 (5’-deoxyadenosylcobalamin)
(Takano 2016). This mechanism increases carotenoid pro-
duction of Thermus bacteria where vitamin B12 (cobalamin)
acts as a domain for this process. The availability of vitamin
B12 in Swiss type cheese produced by PAB (Hugenschmidt
et al. 2010) that can be utilised by Thermus bacteria for car-
otenoid production may be a consideration in the develop-
ment of pink discoloration. Swiss type cheese contains
3.1 pg of vitamin B12 per 100 g of cheese (Gille and Sch-
mid 2015). A previous study has suggested that amino acid
catabolites like glutamate and oxaloacetate produced from
asparagine can act as promoters for pigment production by
Flavobacterium sp. (Alcantara and Sanchez 1999). Swiss
cheese is rich in glutamic acid and oxaloacetate, which can
be produced by amino acids catabolism (McSweeney 2004).
Ogxaloacetate is also an intermediate product of PAB fermen-
tation, which may promote pigment production by Thermus
bacteria. Quantification of the levels of asparagine present
in pink defect cheese in the future research would be of sig-
nificant value to further determine its potential role in pink
defect. Previous research reported the role of pigment-
producing bacteria like B. linens and the yeast Y. lipolytica
in causing pink defect in Roquefort and another ewe’s
cheese, respectively. Thermus bacteria might play a similar
role in pink defect through the influence of some, as yet
unknown, factors. Exposure of cheese to light may also
influence the intensity of redness caused by Thermus. The
cheeses in the current study were only exposed to occa-
sional light; however, cheeses in illuminated retail display
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Figure 4 Levels of redness a* in Cheese samples measured by Hunter
Colorimeter at 144 days of maturation. [, Control; @, 7. scotuductus
SE-1; W, T. thermophilus HB27; ¥4, T. thermophilus DPC6866. (a) Red-
ness at Edges, (b) redness at centre. Data presented are the mean from 3
replicate trials. Significance levels: **P < 0.05.

cabinets would be subjected to prolonged and intense light.
Apart from light, other factors may also influence the devel-
opment of the defect in the presence of Thermus bacteria
and further research is needed to identify these and on how
different strains of Thermus may behave differently to these
factors.

CONCLUSIONS

Pink discoloration associated with different strains of Ther-
mus in Swiss-type cheese was studied. From the current
study, it is evident that the presence of certain Thermus
strains in cheese is associated with the development of red-
ness in cheese. Higher levels of redness were observed in
cheese containing Therm HB27, which could be related to
carotenoid production by this strain. Although the other
strains used in the study also have the ability to produce
carotenoids, we did not observe significantly higher redness
in those cheeses. This suggests that Thermus bacteria
require some other factors, which favour the carotenoid syn-
thesis, such as light, vitamin B12, glutamate or oxaloacetate.
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It is suggested that the further research is needed to identify
other factors and their interactions with Thermus to cause
the defect. Studies like extraction and identification of caro-
tenoids present in pink defect cheese would provide more
information about the pigment type associated with the
defect. Similarly, the further application of techniques like
metagenomic sequencing could help in understanding the
whole microbiome of pink defect cheeses, which in turn
would help in detecting the presence of microbial sources of
pink pigment like Thermus in defect cheeses.
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