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Abstract: In this study, butter and the corresponding buttermilk samples were produced with cream
fermented by aromatic (A) or probiotic (P) cultures with or without complementary bioprotective
culture (BC). The samples were characterised for their composition and colour parameters. Texture
and rheological properties were evaluated at 10 and 20 °C. Microbiological (lactobacilli, lactococci,
and yeast and mould counts) and sensory (aroma, taste, texture, and global evaluation) analyses were
also performed. All butter sample characteristics were in accordance with the Portuguese standard.
Regarding colour, the sample obtained with cream fermented by probiotics plus bioprotective culture
(PBC) presented higher L* and b* values, indicating a slightly higher yellow chroma. However, colour
differences (AEab*) in the butter samples were, in most cases, not detectable by a common observer.
Butter samples P and PBC presented a significantly higher viscous modulus and consequently higher
dynamic viscosity values (ca. log 6.5 Pa.s at 10 °C and log 5 Pa.s at 20 °C). Butter samples presented a
pseudoplastic behaviour, and rheological parameters showed a high dependence on temperature.
The counts of lactobacilli and lactococci in the butter samples were of the order of log 7-8 CFU/g,
while yeast and mould counts were lower than log 2 CFU/g until the 30th day of storage, after which
they showed a sharp increase to ca. log 5 CFU/g between the 30th and the 60th days of storage.
Regarding sensory attributes of butter, sample P received the highest overall liking, followed by
samples ABC and PBC. Sample A was the least appreciated. Buttermilk samples presented significant
differences regarding their composition, viscosity, and colour parameters. In all cases, lactobacilli and
lactococci counts exceeded log 7 CFU/mL after 30 days of storage, but yeast and mould counts were
of the order of log 5-6 CFU/mL at the 15th day of storage. Samples P and PBC presented yeast and
mould counts ca. 1-2 log cycles lower than samples A and ABC, indicating the potential of probiotic
and bioprotective cultures to extend the shelf life of the product. Regarding the sensory attributes of
buttermilk, samples P and PBC received the highest overall liking, followed by sample ABC. Sample
A received the lowest scores, as had occurred with the butter samples. However, in all cases, the
scores obtained by the buttermilk samples were lower compared to the ones of the corresponding
butter. It can be concluded that both probiotic butter and buttermilk present high levels of lactobacilli
and lactococci and can maintain their probiotic potential throughout the storage period.
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1. Introduction

Probiotics, defined as live microorganisms that confer health benefits when consumed
in adequate amounts, have gained significant attention for their role in promoting gut
health and overall well-being [1-3]. These beneficial bacteria are known to modulate the
gut microbiota, leading to various health improvements, such as enhanced immunological
responses, relief of lactose intolerance symptoms, reduced risk of cancer and heart diseases,
reduced colitis, alleviation of diarrhoea, modulation of immunity, reduction in cholesterol
levels, anti-inflammatory properties, maintenance of blood pressure, improvement in
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irritable bowel disease, better oral and urogenital health, and even potential antidepressant
effects [4-11].

The impact of starter cultures in enhancing the safety of foods through the produc-
tion of metabolites that inhibit the growth of pathogenic and spoilage microorganisms
has also been investigated by several authors. This emphasis on enhancing safety aligns
with the development of bioprotective culture (BC), starters, and probiotics, which aim
to provide foods with specific sensory attributes, confer nutritional benefits, and ensure
food safety [12-14]. Particularly in the case of dairy products, extensive work has been con-
ducted on such bioprotective cultures [15-22]. Vasiliauskaite and coworkers [19] explored
the use of indigenous lactobacilli strains isolated from fermented cow milk for develop-
ing bioprotective coatings to maintain the quality of fresh cheese. The study identified
Lacticaseibacillus paracasei All as a safe strain with strong antifungal properties, thereby
extending the shelf life of the product. Shi and Maktabdar [20] discussed the use of LAB as
biopreservatives in dairy products to combat spoilage moulds. The research highlighted
the importance of BC in preventing food waste, economic losses, and potential health
risks associated with mould contamination. Shi and Knechel [21] investigated the growth
potential of various moulds at different temperatures and their susceptibility to LAB cul-
tures. The research highlighted the potential of LAB as a natural alternative to chemical
preservatives in combating fungal spoilage in dairy products.

Probiotics are commonly used in various dairy products, either as starter cultures or
incorporated post-fermentation, to enhance both the functional characteristics and health-
promoting properties of the final products. Fermented dairy products containing probiotics
have been shown to improve human health by both stimulating the growth of beneficial
gut bacteria and increasing the production of metabolic by-products [11].

Probiotic butter is a novel concept that combines the benefits of probiotics with a
popular dairy product. Only a few studies have explored the incorporation of probiotics
into butter to create a functional food product with enhanced nutritional value and potential
health benefits. Bellinazo et al. [23] investigated the viability of Lactobacillus casei strains
in probiotic butter formulations. Ostadzadeh et al. [24] demonstrated that the addition
of probiotic strains to butter can lead to a decrease in cholesterol levels, indicating the
potential of such a product as a functional food. Furthermore, the addition of probiotics to
butter has been shown to be an option to improve the income of small-to-medium dairy
industries [25]. Previously, we evaluated the characteristics of sheep’s butter and buttermilk
produced with sweet cream and by cream fermented with an aromatic starter, as well as
with commercial kefir and probiotic cultures [26]. So far, the research on probiotic butter
highlights its potential as a functional food product that combines its creamy texture with
the health benefits of probiotics. By enhancing the bioactivity, nutritional profile, and
potential health benefits of butter, the incorporation of probiotics opens new avenues for
dairy product innovation and the development of functional foods that promote both taste
and health.

Buttermilk, the by-product of butter production, is a versatile ingredient with various
applications in the food industry due to its unique physicochemical properties. The compo-
sition of buttermilk can vary depending on the method of butter production and the type of
milk used. Generally, buttermilk is low in fat and calories compared to whole milk, making
it a healthier alternative. Buttermilk is also a good source of calcium and other essential
nutrients, such as riboflavin, phosphorus, and potassium. It is rich in proteins, with high
nutritional value and functional properties that can enhance the quality of food products.
Its multi-functionality is utilised in improving water-holding capacity, texture, and protec-
tion against lipid oxidation in bakery, confectionery, and sauce-type products [27,28]. The
utilisation of buttermilk extends to the production of functional beverages, such as cheese
and ice cream, enhancing the quality of the final products [29-34]. Additionally, buttermilk
can be used in the production of kefir and quark cheese and as a marinating agent for
meat, showcasing its versatility in different culinary applications [34-38]. Furthermore,
the processing of buttermilk using innovative techniques like membrane technologies
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allows for the extraction of high-quality milk protein concentrates with desirable physico-
chemical properties and structural parameters [39]. In addition, the addition of buttermilk
or buttermilk powder to products like Cheddar-style cheese or reduced-fat cheeses can
influence functionality, texture, and sensory attributes, enhancing the overall quality of the
product [40,41].

2. Materials and Methods
2.1. Butter and Buttermilk Production

Sixty litres of cream (40% fat) produced by Lactogal SA were obtained from a local
market (Makro, Coimbra, Portugal). Before churning, the cream was divided into four 15 L
batches, which were subjected to the following conditions:

(1) Inoculated with 5% (v/v) aromatic culture (Flora Danica, FD-DVS™, CHR Hansen,
supplied by Promolac, Lisbon, Portugal) containing Lactococcus lactis subsp. cremoris,
Leuconostoc, Lactococcus lactis subsp. lactis, and Lactococcus lactis subsp. lactis biovar
diacetylactis; kept for 24 h at 20 °C in defatted pasteurised milk; then maintained at
4+2°Cfor24h (A).

(2) Inoculated with 5% (v/v) of the aromatic culture plus bioprotective culture containing
Lactobacillus rhamnosus and Lactobacillus paracasei (Fresh Q4, CHR Hansen, supplied
by Promolac, Lisbon, Portugal) at a level of 1.5 U/15 L cream according to the manu-
facturer’s instructions (ABC).

(8) Inoculated with 5% (v/v) probiotic culture containing Lactobacillus acidophilus (nu-
trish LA-5™, CHR Hansen), kept for 24 h at 20 °C in defatted pasteurised milk, then
maintained at 4 + 2 °C for 24 h (P).

(4) Inoculated with 5% (v/v) probiotic culture plus bioprotective culture containing Lac-
tobacillus rhamnosus and Lactobacillus paracasei (Fresh Q4, CHR Hansen, supplied by
Promolac, Lisbon, Portugal) at a level of 1.5 U/15 L cream according to the manufac-
turer’s instructions (PBC).

Taking in account the manufacturer’s indications regarding the number of viable cells
in freeze-dried cultures, it can be estimated that the initial levels of the inoculated cultures
were of the order of 5-7 log UFC/mL cream.

Butter samples were produced in a 30 L butter churner (Termoinox, Vale de Cambra,
Portugal). Butter grains were washed with cold (4 °C) pasteurised water and salted (1%,
w/w) prior to the final working step, in which the butter grains were pressed and squeezed
to remove moisture.

Finally, the butter samples were packed into 500 mL polypropylene boxes (Standi-
pack™, supplied by Makro, Coimbra, Portugal) and stored at <7 °C for 90 days. Samples
for analysis were collected one day after production and after 30, 60, and 90 days.

After cream churning, the buttermilk was collected, packaged in 500 mL PET bottles
(Eplas™, Marinha Grande, Portugal), and characterised and evaluated over 28 days of
refrigerated storage (<7 °C). A flow diagram of the production process is presented in
Figure 1.

2.2. Physicochemical Analysis

Butter samples and their respective buttermilk were evaluated for dry matter, fat, ash,
colour, texture, rheology, and viscosity. The physicochemical analyses were performed at
least in triplicate.

Analytical methods used for milk were adopted for the analyses of buttermilk. Mois-
ture was removed by oven drying at 105 °C according to AOAC method 925.23 [42]. Total
solids were calculated by difference. Ashes were determined by incineration of dry samples
in an HD-23 Hobersal™ electric muffle furnace at 550 °C according to AOAC method
945.46 [43]. The titratable acidity of butter was evaluated according to the Portuguese
standard NP-1712 [44]. The titratable acidity of buttermilk was evaluated according to NP
470 [45]. The pH was directly determined using a pH meter (Hanna Instruments, model
HI9025, Pévoa de Varzim, Portugal) with an FC200 probe. The pH meter was previously
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calibrated according to the manufacturer’s instructions using Hanna Instruments HI7004
(pH 4.01) and HI 7007L (pH 7.01) buffer solutions. Fat content of butter and buttermilk
samples was analysed by the Gerber method (SuperVario-N Funke Gerber™ centrifuge,
Berlin, Germany) [46].

PASTEURIZED CREAM

(60L)
(VARIANTS)
AROMATIC CULTURE (A) [ [AROMATIC+BIOPROTECTIVE CULTURE (ABC) PROBIOTIC CULTURE (P) | |PROBIOTIC CULTURE+BIOPROTECTIVE CULTURE (PBC)
15L 15L 15L 15L

=

CREAM RIPENING

=

CHURNING

- =

BUTTERMILK DRAINING CULTURED BUTTERMILK

- =

BUTTER GRAINS WASHING

=

SALTING
PACKAGING PACKAGING
BUTTER SAMPLES BUTTERMILK SAMPLES

PHYSICOCHEMICAL ANALYSES: dry matter; fat; ashes; pH; titratable acidity; color parameters (L*, a*, b*); texture'; rheologf}(e‘, G", 1’]*); viscosit;*

MICROBIOLOGICAL ANALYSES: Lactobacilli; Lactococci; yeasts and molds

SENSORY ANALYSIS

Figure 1. Diagram of butter and buttermilk production and tests performed (* tests conducted only
with butter samples; ** tests conducted only with buttermilk samples).

The colour of butter and buttermilk samples was determined with a Minolta Chroma
Meter colourimeter, model CR-200B, calibrated with a white standard (CR-A47: Y =94.7;
x 0.313; y 0.3204). The conditions used were as follows: illuminant C, 1 cm diame-
ter aperture, and 10_ standard observer. The colour coordinates were measured in the
CIEL*a*b* system.

The colour difference (AEab*) was calculated as follows [47]:

AEab* = [(L* — L0%)* + (a* — a0%)* + (b* — b0*)*] /2 (1)

where L0%, a0*, and b0* and L*, a*, and b* are the average values measured for the products
under comparison.

A Stable Micro Systems texture analyser, model TA.XT Express Enhanced (Stable
Micro Systems Ltd., Godalming, UK), was used for texture analysis of the butter samples
one week after production, and the results were calculated using the Specific Expression
PC software (version 6,1,11,0). Evaluation was performed at 10 and 20 °C. The tests were
run with a penetration distance of 20 mm at 2 mm/s using an acrylic cylindrical probe with
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a diameter of 6.4 mm and a height of 35 mm. Three measurements were taken for each
block of butter, and the results were expressed as the mean value + standard deviation.

Rheological tests were conducted at 10 and 20 °C using a Rheostress 6000 rheometer
with a plate-to-plate geometry (TMP35 bottom plate and P35 TiL upper plate) equipped
with the HAAKE RheoWin Job Manager software, version 4.82.0002, for data acquisition
(ThermoHaake™, ThermoFisher Scientific, Waltham, MA, USA). Values of the elastic and
viscous moduli (G' and G”) and the complex viscosity (n*) were recorded at frequencies
from 0.05 to 1.0 Hz.

The viscosity of buttermilk samples was evaluated by a Brookfield viscometer, model
DV2T (Ametek, Harlow, UK), using spindle n° 1 and a speed of 100 rpm for 1 min at
7 £ 2 °C. Results are presented in centipoises (cPs).

2.3. Microbiological Analysis

Microbiological analysis allowed for the quantification of lactococci, lactobacilli, and
yeasts and moulds. From each collected sample (10 g of butter, 15 mL of buttermilk), tenfold
dilutions were prepared in Ringer solution with tween 80 (Merck Schuchardt, Hohenbrunn,
Germany). For butter samples previously placed in a sterile Stomacher’s bag with Ringer
solution and tween 80, the first dilution was prepared by melting them at 42 °C in a water
bath. Quantification of lactobacilli was performed according to ISO 15214 [48]. Briefly, the
dilutions were inoculated by the pour plate method in MRS agar (De Man Rogosa and
Sharp-Biokar Diagnostics, Allone, France) in a double layer and incubated at 37 °C for 72 h
under anaerobic conditions. Lactococci were evaluated on M17 agar (Biokar Diagnostics,
Allone, France) incubated at 37 °C for 48 h. Yeasts and moulds were evaluated in Coke
Rose Bengal agar (Liofilchem Diagnostici, Roseto degli Abruzzi, Italy) according to ISO
6611 [49] and incubated at 25 °C for 7 days. All microbiological analyses were performed
in triplicate.

2.4. Sensory Analysis

Sensory analysis was based on a laboratory acceptance sensory test conducted in
isolated booths with the same lighting and temperature conditions. Evaluation was carried
out using a non-trained panel consisting of 25 members [50]. Samples, identified by three-
digit random numbers, were rated for aroma, taste, texture, and overall impression using a
5-point hedonic scale (1 = dislike extremely and 5 = like extremely). The members of the
panel were informed of the objectives of the test and signed the informed consent form in
use at the Polytechnic of Coimbra, giving their consent for the treatment and publication
of results.

2.5. Statistical Analysis

The results were submitted to a one-way ANOVA using STATISTICA software V.12.0,
2013 (Statsoft, Tulsa, OK, USA). Mean values were compared using the Tukey’s honestly sig-
nificant difference (HSD) test. Differences were considered significant at p < 0.05. Significant
correlations and principal component analysis (PCA) were also evaluated.

3. Results
3.1. Physicochemical Properties
3.1.1. Butter Samples

The gross composition of butter samples is displayed in Table 1. No significant differ-
ences were observed between samples regarding dry matter, fat, pH, and titratable acidity.
Values are in accordance with Portuguese legal requirements for butter composition [51].

Concerning the colour parameters of the butter samples (Table 2), differences were
observed regarding lightness (L*), with sample PBC presenting higher values. Differences
were also observed regarding the blue-yellow hue (b*), with sample PBC presenting higher
values. However, the calculated colour difference values (AEab*), which are a better
indicator of the colour attributes of the samples, were lower than 1, except for sample A vs.
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sample PBC (Table 3). AEab* values lower than 1 indicate that a common observer cannot
detect differences in the colour of the products. Hence, one can conclude that the different
treatments did not affect the perceived colour of butter samples.

Table 1. Physicochemical properties of butter samples (mean + standard deviation; n = 3).

Product Dry Matter Fat OSNF Ashes. pH Titratable Acidity
(% wlw) (% wlw) (% wiw) (% wlw) (mL NaOH 1 N/100 g)
A 84.66 +£1.25 81.71 +£1.27 2.95 £ 0.97 0.73 £ 0.06 4.73 £ 0.06 2.43 £0.40
ABC 85.33 £ 0.47 82.66 + 0.53 2.67 £0.12 0.69 £ 0.03 4.73 £0.15 213 £0.45
P 84.67 +1.70 81.14 +1.70 3.52+0.35 0.95 + 0.04 4.63 £+ 0.06 2.00 £0.26
PBC 85.67 £1.25 82.06 £ 0.93 3.60 £+ 0.49 0.72 £0.03 4.72 £ 0.06 2.23 £0.35

OSNF = other solids not fat (including ashes).

Table 2. Colour parameters of butter samples (mean + standard deviation; n = 3).

Product L* a* b*

A 92.83 +0.052 —6.734+0.122 18.77 + 0.26
ABC 93.73 + 0.09 be —6.70 £0.082 18.97 + 0.41 a
P 93.80 =+ 0.08 b¢ —6.67 +0.052 17.93 + 0.05°
PBC 94.23 + 0.05°¢ —6.67 £0.092 19.23 +0.21°¢

(L*) Lightness; (a*) green-red hue; (b*) blue-yellow hue. Different superscript letters in the same column indicate
significant differences between samples (p < 0.05).

Table 3. Colour differences (AEab*) between butter samples.

ABC P PBC
A 0.43 0.82 1.09
ABC 0.54 0.16
P 0.94

Texture measurements were carried out at temperatures intended to replicate the
usual conditions of butter consumption. The lower temperature (10 °C) corresponds to
butter after removal from the refrigerator, while 20 °C corresponds to butter kept out of the
refrigerator. Figure 2 presents typical force/time (A,C) and force/distance (B,D) graphs
recorded at 10 and 20 °C of a representative butter sample (ABC). Differences between
samples regarding the maximal force registered were clearly observed at both temperatures,
indicating a nearly four times higher firmness (positive peak) of samples evaluated at
10 °C when compared to the same sample at 20 °C. The data in Table 4 provide a more
detailed indication of the differences observed. Besides the higher firmness recorded at
10 °C, positive peak areas (softness) were clearly higher at 10 °C when compared to 20 °C,
indicating a harder texture. These differences were less pronounced regarding the negative
peak areas (adhesiveness). Sample P presented the highest softness and adhesiveness,
both at 10 and 20 °C. The values for firmness observed at 10 °C were higher than the ones
reported by Ferreira et al. [25], who reported values of ca. 6.9 and 15.7 N for butter produced
with cream fermented by probiotics and with an aromatic starter culture, respectively. The
hardness of sheep’s butter samples reported by Silva et al. [26] was higher than the ones
observed at 10 °C in the present work. However, the texture of sheep’s butter samples was
determined at ca. 7 °C, and the lower temperature may have had the largest influence.
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Figure 2. Representative force—time and forcedistance graphs of a representative butter sample (A-C)
measured at 10 °C (A,B) and at 20 °C (C,D).

Table 4. Texture parameters of butter samples at different temperatures (mean =+ standard deviation;
n=3).

Product Firmness Softness Adhesiveness
(N) (N.s) (N.s)
A:10°C 26.50 + 1.772 116.83 4+ 7.47 2 —66.72 + 0572
A:20°C 7.07 +0.87°¢ 29.91 4+ 4.05¢ —46.39 +£3.864
ABC:10 °C 24.92 4+ 0.972 108.84 +3.912 —78.66 +8.14"
ABC:20 °C 6.94 4+ 0.35¢ 29.84 +1.33°¢ —51.37 +4.76 4
P:10 °C 36.17 +1.79 P 157.47 + 7.76 P —116.56 + 11.69 €
P:20 °C 9.13 + 0484 3831 £ 1.644 —60.79 + 12.41
PBC:10 °C 27.79 + 1422 118.90 + 6.20 2 —82.46 +£591°P
PBC:20 °C 7.65 + 0.46 € 33.69 + 1.88 ¢ —58.35+229¢

Different superscript letters in the same column indicate significant differences between samples (p < 0.05).

The rheological parameters of butter samples evaluated at 10 and 20 °C are presented
in Figures 3 and 4. All butter samples presented a pseudoplastic behaviour with a high
dependence on temperature. Figure 3 presents the elastic (G') and viscous (G”) moduli of
the butter samples. In all cases, the elastic modulus was higher than the viscous modulus,
indicating the solid-like characteristics of the products. As had occurred with softness,
at 10 °C, samples P and PBC (Figure 3B,D) presented higher G’ values when compared
to samples A and ABC. This was reflected in the higher dynamic viscosity (n*) values
observed for these samples (Figure 4B,D). The same pattern was observed at 20 °C. The
dynamic viscosity values observed at 20 °C were, in all cases, more than one log cycle
below the ones recorded at 10 °C, indicating the very high dependency of the texture of
butter with temperature.

Significant (p < 0.05) correlations were observed between several parameters of butter
samples. Ashes presented positive correlations with firmness (0.90) and softness (0.92)
and a negative correlation with adhesiveness (—0.86). The titratable acidity presented a



Dairy 2024, 5

632

negative correlation with green-red hue (a*) (—0.69) and blue-yellow hue (b*) (—0.67). As
expected, firmness presented a high positive correlation with softness (0.90) and a negative
correlation with adhesiveness (—0.91).

Figure 5 presents the results of the principal component analysis based on the physic-
ochemical properties of butter samples. Figure 5A presents the projection of the physic-
ochemical attributes on principal components 1 and 2, which represent 60.42% of the
explained variance. Figure 5B presents the projection of samples over both planes. The
PCA allowed discrimination of butter sample P from all other samples. This differentiation
most probably resulted from the significantly higher firmness, softness, and adhesiveness
presented by this sample when compared to all others. However, the statistical tool was
unable to clearly discriminate the remaining samples.
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Figure 3. Elastic (G') and viscous (G”) moduli of butter samples at 10 and 20 °C (n = 3). (A) Butter
with aromatic culture; (B) butter with aromatic plus bioprotective culture; (C) butter with probiotic
culture; (D) butter with probiotic plus bioprotective culture.



Dairy 2024, 5 633
A10 = 4.9644-0.7105%x ABC10 = 49815-0.8232"x
A20 = 4.2547-0.8554"x ABC20 = 4 3007-0 6542°x
7.0 70
A C
8.5 65
6.0 6.0
% __° s
M 55 W 55
o o
o &
c s0 "
= e 5 & seg e
o 2 o
45 = a5
40 40
35 35
0. A10C Q. ABC 10°C
30 . A20°C 30 0. ABC 20°C
-2 -1.1 -10 0% -08 -0.7 -06 -05 04 03 -02 0.1 00 01 -12 -11 10 -09 -08 0.7 06 -05 -04 -03 -02 -01 00 01
log F (Hz) log F (Hz)
P10 =5.1448-0.9011x PBC10 = 5.1007-0.2043"x
P20 = 4.2459-0.6851x PBC20 = 4 2049-0.7138"x
70 B 70 D
65 65
O
6.0 6.0 o
@ 55 @ 55
T o
e, 2
® «
c o0 g o < 50 o
o o
o o
= 45 = 45
40 o 4.0
35 35
0. Pl0°C O. PBC 10°C
20 . P20°C 30 ‘0. PBC 20°C
1.2 -1.1 1.0 0.9 -08 -0.7 -0.6 -0.5 -0.4 0.3 -02 0.4 00 0.1 42 -11 -1.0 09 08 07 06 -05 -04 -03 -02 -0.1 0.0 0.1
log F (Hz) log F (Hz)

Figure 4. Dynamic viscosity (n*) of butter samples at 10 and 20 °C (n = 3). (A) Butter with aro-
matic culture; (B) butter with aromatic plus bioprotective culture; (C) butter with probiotic culture;
(D) butter with probiotic plus bioprotective culture.
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3.1.2. Buttermilk Samples

Table 5 presents the gross composition of buttermilk samples. Differences were
observed regarding most of the parameters evaluated.

Table 5. Physicochemical properties of buttermilk samples (mean =+ standard deviation; n = 3).

Dry Matter Fat Ashes Titratable Acidity
Product =g o) (% wlw) (% wlw) pH (% Lactic Acid)
A 1016+018° 1534006 07740032 440+ 0102 0.88 + 0.05 2
ABC  11154005b 0634015 07740022 430+0.00° 0.97 + 0.112
P 97940252  037+023° 07540028 43040022 1.01 + 0,082
PBC 1014 +003° 12040522 07540002 420+ 003" 0.99 + 0,142

Different superscript letters in the same column indicate significant differences between samples (p < 0.05).

The viscosity of the buttermilk samples is presented in Table 6. Sample PBC presented
the highest viscosity, followed by samples A and P. This observation aligns with the higher
dynamic viscosity observed in PBC butter samples. Sample ABC had significantly lower
viscosity values. Hence, it can be considered that these differences may have resulted from
the activity of the cultures used, namely the impact of the cultures on the pH of the samples,
as a significant negative correlation was observed between the viscosity and the pH (—0.70)
of the buttermilk samples.

Table 6. Viscosity of buttermilk samples (mean =+ standard deviation; n = 3).

Product Viscosity (cPs)
A 65.63 £ 0.06 2
ABC 61.10 £0.17P
P 65.77 £0.15%
PBC 78.70+ 0.17 ©

Different superscript letters in the same column indicate significant differences between samples (p < 0.05).

Regarding colour parameters of the buttermilk samples (Table 7), sample ABC pre-
sented the highest lightness values, while sample PBC presented a significantly higher
b* value, indicating its higher yellowness, as had occurred with the corresponding butter
sample. Sample A presented a significantly lower b* value, indicating a less pronounced
yellow chroma. Table 8 presents the AEab* values between buttermilk samples. Except
for sample A vs. sample AB and sample A vs. sample P, all other comparisons presented
values higher than 1, indicating that colour differences between buttermilk samples could
be perceived by a common observer.

Table 7. Colour parameters of buttermilk samples (mean =+ standard deviation; n = 3).

Product L* a* b*

A 79.70 + 0.14 2 —2.634+0.122 0.57 £ 0.09 2
ABC 80.97 + 0.12 P —253+0.334 113+ 0312
P 78.73 £ 0.05 ¢ —3.334+0.05P 1.17 +£ 0472
PBC 79.63 £0.522 —3.77 +£0.09P 263+0.12b

(L*) Lightness; (a*) green-red hue; (b*) blue-yellow hue. Different superscript letters in the same column indicate
significant differences between samples (p < 0.05).

Table 8. Colour differences (AEab*) between buttermilk samples.

ABC P PBC
A 0.97 0.89 2.78
ABC 2.81 277

P 1.57
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Significant correlations (p < 0.05) were also observed between several parameters of
buttermilk samples. Ashes had a positive correlation with green-red hue (a*) (0.62), while
the pH had a negative correlation with blue-yellow hue (b*) (—0.89). As noted, the viscosity
of the samples presented a significant negative correlation with pH. The impact of pH on
protein interactions may be the reason for such behaviour.

Figure 6 presents the results of the principal component analysis of buttermilk samples.
Figure 6A presents the projection of the physicochemical attributes on principal components
1 and 2, which represent 68.41% of the explained variance. Figure 6B represents the
projection of samples over both planes. The PCA allowed discrimination of all buttermilk
samples. Viscosity and colour parameters were most probably the main factors influencing
such differentiation.

PC 2: 21.63% explained variance
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Figure 6. Projection of physicochemical attributes (A) and of buttermilk samples (B) on principal

components 1 and 2.

3.2. Microbiological Characteristics of Butter and Buttermilk Samples

Figure 7 presents the microbial characteristics of butter samples and the correspond-
ing buttermilk. Lower counts of lactobacilli and lactococci were observed on the butter
samples produced with cream fermented by aromatic starter (A) in both the butter and
buttermilk samples. The samples of butter and buttermilk containing probiotics and bio-
protective culture (PBC) presented the highest amounts of lactobacilli and lactococci (ca.
log 7-9 CFU/g or mL) throughout the storage period, indicating that probiotic cultures
were not affected by storage at refrigeration temperatures. The observed counts were above
the values indicated as necessary to claim the probiotic characteristics of a food product
(>log 7 CFU/g) [52]. These results are particularly interesting in the case of butter, which
could maintain its probiotic potential for at least three months.

Regarding yeast and mould counts, a sharp increase was observed between the 30th
and the 60th day of storage of butter samples. Counts increased from ca. log 1-2 CFU/g at
the first month of storage to ca. log 5 CFU/g after 2 months and were maintained at these
levels until the 90th day.

In the case of buttermilk samples, yeast and mould counts increased steadily from
the 1st to the 15th days of storage, reaching values of ca. log 5-6 CFU/mL, then decreased
slightly to ca. log 3.5-5 CFU/mL. It must be pointed out that samples P and PBC presented
the lowest levels of yeasts and moulds by the end of the storage period (<log 4 CFU/mL).
Hence, it can be concluded that probiotics and the bioprotective culture reduced the growth
of yeasts and moulds, and this had a positive impact on the shelf life of these samples.
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Figure 7. Microbial counts of butter ((A) lactobacilli; (B) lactococci; (C) yeasts and moulds)
and corresponding buttermilk samples ((D) lactobacilli; (E) lactococci; (F) yeasts and moulds)
(mean =+ confidence interval; n = 3).

3.3. Sensory Characteristics of Butter and Buttermilk Samples

Regarding the sensory properties of butter and buttermilk samples, better scores were
obtained by the P butter sample (Figure 8A). However, ABC butter obtained almost the
same score. Sample A received the lowest scores for overall liking. Texture and taste of
butter samples correlated positively with global evaluation (0.60 and 0.84, respectively).
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Figure 8. Comparison of sensory scores obtained for butter (A) and buttermilk samples (B).

Buttermilk samples received lower scores compared to the ones obtained by the
corresponding butter samples. This may have resulted from the fact that the members of
the panel were not familiar with fermented buttermilk. Sample PBC received the highest
scores, followed by sample P. Samples A and ABC obtained the lowest scores for taste.
However, the addition of sugar or flavourings may contribute to improving the sensory
quality of such products. Significant (p < 0.05) negative correlations were found between
the dry matter of buttermilk samples with the sensory attributes taste (—0.58) and global
evaluation (—0.73).

4. Discussion

Butter is a water-in-oil emulsion containing saturated and unsaturated fatty acids,
which can influence its stability and oxidative behaviour [53]. Cream, as the primary
raw material for butter production, significantly impacts the quality and properties of
butter [54]. Additionally, factors like fat globule size, emulsifiers, and cream ageing play a
vital role in determining the microstructure and physical characteristics of butter [55,56].
The moisture content of butter, the water droplet size, and the melting behaviour have
also been identified as key determinants of butter quality [57]. The fatty acid profile of
butter also impacts its melting behaviour and textural properties [25,58,59]. The quality
and functionality of butter are also affected by the seasonality of pasture-based production
systems, where the C16:0/C18:1 ratio has been linked to changes in texture, hardness, and
spreadability. The type of packaging materials can also impact the aroma compounds and
overall quality of butter during storage [60,61]. One of the key challenges associated with
butter is its poor spreadability at refrigeration temperatures. The physical properties of
butter, including texture and mechanical attributes, are intricately linked to the interac-
tions between fat crystals, the globular fat portion, and the solid /liquid fat fraction [55].
Sahin and coworkers [62] discussed the impact of hardness on butter spreadability, indi-
cating that, as expected, increased hardness diminishes spreadability. Additionally, Lopes
etal. [63] highlighted the typically poor spreadability of butter at refrigeration temperatures,
prompting research efforts to enhance this characteristic. Musayeva et al. [64] introduced a
spreadability index based on fatty acid profiles. Magan et al. [65] suggested that fatty acids
with a lower melting point could potentially improve spreadability.

According to Lis et al. [66], the area under the force-time curve is an indicator of
sample softness. Smaller areas under the curve indicate softer samples. This parameter
can be a reliable indicator of a product’s consistency. These authors also observed a
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highly significant positive correlation between the firmness and softness of butter samples
measured with the TA.XT. Plus texture analyser. The resistance to probe withdrawal
(adhesiveness) is also an important textural parameter to be evaluated. The mass of the
sample adhering to the probe after its withdrawal is responsible for the negative area under
the force-time curve. Adhesiveness is expressed as the product of the force necessary to
withdraw the probe from the sample and withdrawal time [N-s]. In the present study,
firmness and softness presented strong negative correlations with adhesiveness (—0.91 and
—0.88, respectively). Lactic acid bacteria may also play a role in releasing free fatty acids
from triglycerides, influencing the texture of butter [26]. Ziarno and coworkers [67] reported
values of 17 N for the hardness of pasteurised cream butter at 4 °C and 6.13 N 30 min
after removing the samples from the refrigerator. Vioque-Amor and coworkers [59] tested
the texture properties of sheep’s, goat’s, and cow’s butter at 4, 10 and 20 °C. The values
reported by these authors were of the order of 4-5 N at 4 °C, 1-3 N at 10 °C, and 0.1-0.5N
at 20 °C, clearly lower than the ones observed in the present study. However, these authors
used a wire probe, which may explain the lower values recorded. Lower values for butter
hardness were also reported by other authors [68,69]. Considering the reported data, it
becomes evident that it is very difficult to compare the texture results obtained in different
studies because the raw materials and the conditions of butter production have a strong
impact on butter’s textural properties. Moreover, the conditions for the measurement of
texture properties also vary, which further makes comparisons difficult.

Butter typically has a pale-yellow colour, ranging from a light creamy hue to a deeper
golden shade. The primary pigment responsible for the yellow colour of butter is f3-
carotene, which is naturally present in the grass that cows feed on. Cows that graze on
fresh grass produce milk with higher levels of 3-carotene, resulting in butter with a more
intense yellow colour. In contrast, butter made from the milk of cows fed on silage or
grains may have a paler colour due to the lower (3-carotene content in their diet. The colour
parameters obtained for butter samples in the present study showed higher lightness and
blue-yellow hue (b*) values than the ones obtained by Ferreira et al. [25]. L* values of butter
samples obtained in the present study are of the same order of magnitude as the ones
reported by Silva et al. [26] for sheep’s butter produced with sweet cream, cream fermented
by the same aromatic starter, or a commercial kefir culture and a probiotic culture. Values
for parameter a* obtained in the present study were lower, while b* values were higher
than the ones reported by those authors. The difference in the blue-yellow hue indicates
a much more pronounced yellow colour for cow’s butter when compared to the ivory
colour of sheep’s butter. The results for the colour parameters obtained in the present work
showed higher lightness values than the ones reported by Brozek and coworkers for milk
butter and whey butter resulting from Gouda cheese (89.13 and 88.96, respectively) [58].
In addition, the a* values obtained by those authors (—3.41 and —3.27, respectively) and
the b* values (32.08 and 29.84, respectively) were also different from the ones obtained in
the present study. Our results for the L* and a* parameters were like the ones obtained
by Paduret for 84% fat butter, but the b* value reported by this author (33.05) was clearly
higher than the ones observed in the present study, indicating a less intense yellow hue
of our butter samples. Lower results for the L* parameter and higher results for the b*
parameter were also obtained by Ziarno and coworkers [67]. The processing of butter can
also affect its colour. Churning the cream to make butter leads to incorporation of air and
can cause fat globules to scatter light, giving the butter a lighter appearance. Additionally,
the temperature at which the butter is churned and the speed of the churning process can
impact its final colour. Some manufacturers may add colouring agents to butter to achieve
a consistent and appealing colour. Annatto, a natural dye, is commonly used to enhance
the yellow colour of butter. This practice is more prevalent in regions where consumer
preferences favour a rich, golden hue in butter. The fat content and fatty acid composition
of butter also play a significant role in determining the colour of butter [70]. Hence, the
differences between studies regarding colour parameters may result from one or several of
these factors, which makes comparisons difficult between different studies.
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The maturation of cream with appropriate starter cultures is crucial for ensuring
the quality, shelf life, and sensory properties of butter [54]. The microbial composition
of butter can vary based on different factors, such as the production method, storage
conditions, and added ingredients. In a previous work, we highlighted the transition from
traditional butter to probiotic butter, emphasising the importance of probiotic strains like
Lactobacillus acidophilus and Bifidobacterium bifidum in enhancing the probiotic characteristics
of butter [25]. Moreover, the use of innovative approaches like incorporating probiotics
or plant-based additives such as garlic powder can impact the sensory properties and
microbial quality of butter [26,68].

The results of microbial counts in the present work were of the same order as the ones
observed in the study by Ferreira et al. [25]. However, in the present work, high levels of
LAB were maintained for at least 90 days, indicating a good adaptation of the microorgan-
isms, both in the butter and buttermilk samples. The lactobacilli and lactococci counts were
like the ones reported by Silva and coworkers for sheep’s butter and buttermilk [26]. These
values were clearly higher than the ones reported by Bellinazo et al. [22] for Lactobacillus
casei in butter with the addition of bixin as an antioxidant, which presented a clear decrease
in microbial counts after the 45th day of storage. The counts of the LAB present in butter
samples produced in this study were also clearly higher than the ones reported by Gaba
etal. [71].

Regarding buttermilk, El-Hameed and coworkers [72] tested the addition of barley
and oat flour to improve the viscosity and sensory characteristics of synbiotic buttermilk.
In all cases, S. thermophilus, L. acidophilus, and Bifidobacterium bifidus counts exceeded log
7 CFU/g over 15 days of storage. The present work clearly indicates that probiotics and
bioprotective culture are well adapted to both butter and buttermilk and maintain high cell
counts throughout the tested storage periods.

The sensory properties of new dairy products pose challenges that need to be ad-
dressed to meet consumers’ preferences [73]. Sensory characteristics of butter are influenced
by various factors, such as composition, feed systems, processing methods, and additives.
Specific volatile aromatic compounds, like aldehydes and ketones, play a significant role in
the sensory attributes of butter and can vary based on the feed system used [74]. Pasture-
based butter has been found to exhibit enhanced sensorial properties, particularly in flavour
and appearance [75]. The presence of specific volatile organic compounds contributes to the
aroma of butter, with over 230 volatile compounds identified in dairy fat ingredients [59].
Moreover, the addition of certain ingredients can impact the oxidative stability and sensory
properties of butter [76,77]. Synbiotic buttermilk samples with added barley and oat flour
were highly rated by a sensory panel (>7 on a 9-point hedonic scale). Hence, as previously
indicated, the addition of other ingredients like sugar, flavourings, or fruit preparations to
buttermilk formulations can enhance their sensory properties, and these options must be
evaluated in future work.

5. Conclusions

Opverall, it can be concluded that the fermentation of cream with probiotic and biopro-
tective cultures represents an interesting opportunity to enhance the functional properties
of butter and obtain the corresponding probiotic buttermilk. In this study, both butter and
buttermilk samples containing probiotics exceeded the cell counts required for a product to
be labelled as containing probiotics. Moreover, high probiotic cell counts were maintained
throughout the storage period (90 days for butter and 28 days for buttermilk). Furthermore,
sensory properties of butter and buttermilk samples were improved by fermenting cream
with probiotic and bioprotective cultures, and this feature can be interesting from an indus-
trial point of view. However, further work is needed to improve the sensory properties of
buttermilk samples.
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