CLA-producing adjunct cultures improve the nutritional value of sheep cheese fat
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ABSFRACTbstract

The influence of the autochthonous CLA-producing Lactobacillus plantarum TAUL 1588 and Lactobacillus casei subsp. casei SS 1644 strains and the ripening time on the fatty acid (FA) content and sensory
characteristics of sheep cheese were investigated. Three cheese types with different cultures and the control cheese were produced in duplicate and ripened for 8 months. 86 individual FA were determined by gas
chromatography. Ripening time (2, 90, 180 and 240 days) did not have a significant effect (P >#8.05) on the FA content. However, the presence of both Lactobacillus CLA-producing strains led to a decrease of the saturated FA
content and to 1.30, 1.19 and 1.27 times higher levels of vaccenic acid, CLA and omega-3, respectively, when compared to the control cheese. This combination allowed obtaining sheep milk cheeses with a healthier FA

content, without appreciable changes on sensory characteristics. This work could be a promising approach to increase the bioactive fatty acid content of cheeses.
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4.1 Introduction

The development of foods with beneficial effects on human health is an aspect of great interest to the food industry and especially to the dairy industry (Balthazar et al., 2017). In relation to healthy food trends, milk and
fermented dairy products contain lipid compounds that may exert beneficial effects on human health, such as conjugated linoleic acid (CLA) (Koba & Yanagita, 2014; Lock, Kraft, Rice, & Bauman, 2009; Tanaka, 2005). In contrast, dairy

fat is a poor source in other bioactive lipids as omega-3 fatty acids (Parodi, 2004).

CLA is a group of positional and geometric isomers of octadecadienoic acid which are naturally found in foods derived from ruminants (Shingfield, Bonnet, & Scollan, 2013). They are mainly biohydrogenation intermediates of
dietary polyunsaturated fatty acids (PUFA). Rumenic acid or cis-9, trans-11 Cg,,, the major CLA isomer in dairy foods, is also synthesized in the ruminant mammary gland by the action of the A-9 desaturase enzyme on vaccenic acid

(trans-11 C.g.,) (Bichi et al., 2012), which is another intermediary in the ruminal biohydrogenation.

Balthazar et al. (2017) indicated that the nutritional value of sheep milk, mostly used to cheese manufacturing, could be higher than milk from other ruminants. In addition, various functional dairy products have been

developed from sheep milk (Barcenas et al., 2007). In the Mediterranean region, most sheep-milk production systems are semi-extensive, and grass plays an important role in the flocks? diet. As Gémez-Cortés et al. (2009) pointed out,



the supply of grass and thus omega-3 PUFA in the livestock diet represents one of the strategies to enhance the content of these fatty acids and CLA in milk, and subsequently also in cheese (Shingfield et al., 2013).

Several studies have shown that strains of lactic acid bacteria (LAB) are able to synthesize CLA from linoleic acid in culture medium or milk (Gorissen et al., 2010; Ogawa et al., 2005; Renes et al., 2017a). This fact has opened
new research lines aimed at increasing the CLA content of cheese by the use of starters or adjunct cultures able to biosynthesize CLA in vitro. The design of autochthonous CLA-producing cultures with application in the production of
functional cheeses could increase the diversity of cultures available to the dairy industry, but research in this topic remains still very limited. Taboada, Van Nieuwenhove, Alzogaray, and Medina (2015) have shown that the CLA content
of goat cheese could be increased by the use of autochthonous LAB strains and the same was observed by Mohan, Anand, Kalscheur, Hassan, and Hippen (2013) in Cheddar cheese. To the best of our knowledge, there is no information

about the effect of the combination of different autochthonous CLA-producing strains used as a mixed adjunct culture on the fatty acid content of sheep milk cheese.

The objective of this study was to investigate the effect of two autochthonous Lactobacillus strains used as adjunct cultures, previously identified and characterized in vitro as CLA producers (Renes et al., 2017a, 2017b), to

improve the nutritional value of sheep cheese fat without modifying the sensory properties of the cheeses.

2.2 Material and methods
2-1.2.1 Preparation of cultures

The autochthonous Lactococcus lactis subsp. lactis TAUL 238 and Lactococcus lactis subsp. cremoris TAUL 1239 strains were selected for their good technological aptitude showed in previous studies (Renes et al., 2017b) and both
Lactococcus strains were used as starter cultures. The autochthonous Lactobacillus plantarum TAUL 1588 and Lactobacillus casei subsp. casei SS 1644 strains were selected for their good technological characteristics as well as for their

ability to synthesize CLA in skim milk (Renes et al., 2017b). These Lactobacillus strains, individually or in combination, were used as adjunct cultures.

First, each LAB strain was cultured in MRS broth (Oxoid, Hampshire, UK) for Lactobacillus or Elliker broth (BD Difco, New Jersey, USA) for Lactococcus lactis at 308°C for 24 h. Then, each strain was cultured in sterilisedsterilized
reconstituted skim milk (10%, w/v) at 306 °C for 24 h. Total viable counts (CFU/g) were determined by plating serial dilutions on MRS or Elliker agar (Oxoid, Hampshire, UK) and no significant differences (P=-6.05) were observed (data
not shown). Four autochthonous cultures were designed for cheese-making using the following combination of strains: culture 1 was composed of Lactococcus lactis subsp. lactis TAUL 238 (50%, v/v) and Lactococcus lactis subsp. cremoris
TAUL 1239 (50%, v/v); culture 2 was composed of Lactococcus lactis subsp. lactis TAUL 238 (30%, v/v), Lactococcus lactis subsp. cremoris TAUL 1239 (30%, v/v) and Lactobacillus plantarum TAUL 1588 (40%, v/v); culture 3 was composed of
Lactococcus lactis subsp. lactis TAUL 238 (30%, v/v), Lactococcus lactis subsp. cremoris TAUL 1239 (30%, v/v) and Lactobacillus casei subsp. casei SS 1644 (40%, v/v) and culture 4 was composed of Lactococcus lactis subsp. lactis TAUL 238
(30%, viv), Lactococcus lactis subsp. cremoris TAUL 1239 (30%, v/v), Lactobacillus plantarum TAUL 1588 (20%, v/v) and Lactobacillus casei subsp. casei SS 1644 (20%, v/v). Finally, each autochthonous culture was transferred at 1% (v/v) to

sterilized sheep milk and incubated for 48 h at 30e°C.

2.2.2.2 Milk and cheese manufacture

Milk was obtained from a farm of Castellana breed sheep fed ad libitum with natural pasture. Four sheep cheese types were produced in duplicate at pilot scale (Institute of Food Science and Technology (ICTAL), University of
Leon, Spain) according to the following method: milk was pasteurized at 72e°C for 15s and after cooling at 316°C, calcium chloride (0.2 g/L) and starter culture or starter culture plus adjunct (1%, v/v) were added. Cheese type 1 was
the control and it was produced with the first autochthonous culture (non CLA-producing) indicated in the previous section. Cheese types 2, 3 and 4 were produced with the autochthonous cultures 2, 3, and 4 (CLA-producing),
respectively. After 30 min, chymosin (CHY-MAX Extra, 100-% chymosin; 600 IMCU/mL; Chr. Hansen SL, Madrid, Spain) was added at a rate of 0.05 mL/L of milk (diluted in 1:20 with deionized water). After 40--45 min, the curd was cut
to rice grain size and the whey was drained off. The curd was transferred to cylindrical moulds (15 cm height, 21 cm diameter) which were pressed for 2 h. Then, cheeses were salted by immersion (18°Baume, 86°C and pH5.4) for 17 h.

Finally, the cheeses were taken to a ripening chamber where they remained at a temperature of 10e°C and at 80~-85% relative humidity for 240 days.

Samples (each sample corresponded to a whole cheese of 2.5kg) were taken from each cheese type after 2, 90, 180 and 240 days of ripening. Part of the fresh samples was used to carry out the colour, texture and sensory

analyses and another portion of the samples was vacuum packed and stored in a freezer (-306°C) until fatty acid analysis.

2.3.2.3 Determination of the fatty acid content in sheep cheese

Cheese fat extraction was carried out using n-pentane after grind the sample with a mixture of sand and sodium sulfate (Bodas et al., 2010). Fatty acids were derivatized to methyl esters (FAME) by base-catalyzed methanolysis
of glycerides with KOH in methanol (Bichi et al., 2012). FAME were analysed by gas chromatography with two different columns, CP-Sil 88 (100 m x 0.25 mm i.d., Varian) and SLB-IL111 capillary column (100 m x 0.25 mm i.d., Supelco).
Detailed gas chromatography methods, identification of unknown FAME and quantification are described in a previous study (de la Fuente, Rodriguez-Pino, & Juarez, 2015). Sheep milk cheeses were analysed for fatty acid composition

after 2, 90, 180 and 240 days of ripening. The health indexes considered were: the omega-6/omega-3 ratio and the atherogenicity index (AI) defined as [(C;,,g + 4.x.Cy4,0 + C16.0)/(Z unsaturated FA)] (Ulbricht & Southgate, 1991).



2:4:2.4 Texture profile analysis

Texture analysis was performed on eight cube-shaped (1.9 cm?®) samples obtained from each cheese type through the ripening time (2, 90, 180, 240 days) at room temperature (206 °C * 26°C). The cheese samples were kept at
room temperature for approximately 3 h before analysis and a 0.5 cm layer from the surface of the cheese was removed. Texture properties of the cheese types were determined in two successive cycles of 80% compression with a
cross-head constant speed of 0.5 mm/s using a TZ-XT2 texture analyser (Stable Micro Systems, Godalming, UK). The following textural parameters were determined from the resultant force-time curve using the Texture Expert software

(Stable Micro Systems, Godalming, UK): hardness (N), springiness, cohesiveness and chewiness.

2.5.2.5 Colour instrumental measurement

Colour analyses of sheep milk cheeses were performed throughout the ripening time (2, 90, 180, 240 days) using a reflectance colorimeter spectrophotometer CM-700 d (Konica Minolta, Osaka, Japan) provided with a
measuring glass head of 8 mm of diameter, an illuminant D65 and a 10° observer. The L*, a*, and b* colour measurements were determined according to the CIELab colour space, were L* corresponds to light/dark chromaticity (0%
dark to 100% light), a* to green/red chromaticity (-60% green to 60% red), and b* to blue/yellow chromaticity (-60% blue to 60% yellow) (Pinho, Mendes, Alves, & Ferreira, 2004). The determination by triplicate of colour parameters was

carried out measuring 12 different places on the longitudinal cheese sample surface (1 cm thick).

2:6:2.6 Sensory analysis

The sensory evaluation of the 4 cheese types at 2 time points (180 and 240 days of ripening) was carried out by 20 panellists recruited from the Food Hygiene and Technology Department of the University of Leén, in gender
proportion of 12 female and 8 male with ages between 22 and 60 years. Prior to the sensory evaluation of the cheese types, the panel's members were trained in five training sessions of 1 h with commercial sheep milk cheeses. In this

training, odour, flavour and texture attributes were defined and quantified according to the methodology previously described by Barcenas et al. (2007) and Fresno and Alvarez (2012) for semi-hard and hard cheeses.

Cheese pieces of the same dimension (4 cm x 1.5cm x 0.5 cm) of each type were presented to the panel at ambient temperature (20e°C + 26°C) and identified with a randomly 3-digit code in one session for cheese types at 180
d of ripening and another session for cheese types at 240 d of ripening. Panel assessed a total of 15 sensory parameters, divided into 4 main groups: appearance (colour intensity ranging from white to yellowish-brown, holes size and
homogenous distribution of the holes), odour (odour intensity, butyric, pungent and mouldy), taste (saltiness, bitterness, sweetness and acidity), and texture (elasticity, adhesiveness, firmness and solubility). These attributes were

recorded on a 7-point intensity scale containing the following descriptors: (1) non-existent, (2) very weak, (3) weak, (4) moderate, (5) strong, (6) very strong and (7) extremely strong.

2.7-2.7 Statistical analysis

Statistical analysis of the experimental data was performed using SPSS v.21 (SPSS, Chicago, IL, USA). The variables studied were tested for the assumption of normality using the Shapiro-Wilk test and for homoscedasticity
using the Levene test. Subsequently, a two-way Analysis of Variance (ANOVA) was performed in order to evaluate the effect of the factors culture and ripening time (as fixed factors) and the interaction between them. Tukey's HSD post

hoc test was applied at a 5% significance level in order to compare sheep cheeses produced with different autochthonous cultures throughout the ripening period.

The chromatographic data obtained were also analysed by multi-variant statistical techniques (Principal Component Analysis and Euclidean distance squared) by means of the statistical package Minitab 16 (Minitab

Incorporated, 2010).

3.3 Results and discussion
3-1:3.1 Cheese fatty acid content

The study of the fatty acid composition of four sheep cheese types produced with different autochthonous cultures was carried out throughout the ripening (at time points 2, 90, 180 and 240 days). In all the cheese types, no

statistically significant differences (P=-9.05) were observed for the 86 fatty acids contents analysed during the different ripening time points. As the ripening time effect and the interaction between cultures and ripening time effects
was no significant (7>-6.05), only means for the cultures effect are presented in ablesTables 1, 2 and 3. Similarly to this study, several authors have confirmed that ripening time does not affect the fatty acid content of cheeses (Bodas et

al., 2010; dos Santos et al., 2012; Luna, Juarez, & de la Fuente, 2007).

TFable1:Table 1 Saturated, including odd and branched-chain, fatty acid composition (g/100 g of total fatty acids methyl esters) of the four sheep cheese types produced with different cultures.
alt-text: Table 1

Variable! Cheese types? SE3 P- value



Total SFA 73.082

> Non-BCFA 71.27a
4:0 4.202
5:0 0.03a
6:0 3.24a
7:0 0.04a
8:0 2.852
9:0 0.062
10:0 7.98a
11:0 0.062
12:0 4.392
13:0 0.08a
14:0 10.71a
15:0 0.98a
16:0 26.08a
17:0 0.63=
18:0 9.37a
20:0 0.262
21:0 0.052
22:0 0.11a
23:0 0.062
24:0 0.062
> BCFA 1.82a
13:0 iso 0.022
13:0 anteiso 0.04-
14:0 iso 0.09a
15:0 iso 0.222
15:0 anteiso 0.42a
16:0 iso 0.21a

17:0 iso 0.232

71.55b

69.89>
4.302
0.03=
3.202
0.032
2.732
0.05p
7.33b
0.05p
3.89p
0.07b
10.15»
0.82p
25.792
0.55p
10.36
0.29p
0.052
0.10ap
0.052b

0.05ap

1.67»
0.022
0.04-
0.07b
0.22a
0.37b
0.21a

0.24-

71.55b

69.89b
4.342
0.03=
3.39bec
0.042
3.00p
0.062
7.97a
0.062
4.12¢
0.082
9.83¢
0.85p
24.57>
0.55p
10.46v>
0.272
0.052
0.09bec
0.04»

0.05ab

1.66P
0.022
0.04-
0.07b
0.21b
0.39¢
0.202

0.23a

70.22¢

68.75¢
4.262
0.05»
3.54¢
0.06»
3.33¢
0.10¢
8.64c
0.10¢
4.11¢
0.09¢
9.154
0.88¢
22.44¢
0.49¢
10.77¢
0.24¢
0.052
0.08¢
0.03v

0.04»

1.58¢
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0.03v
0.06¢
0.18¢
0.39¢
0.17»

0.23a

0.19
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17:0 anteiso 0.52a 0.44» 0.45b 0.44» 0.01 R
18:0 iso 0.062 0.062 0.062 0.05v 0.00 &
a-d Means in the same row with different superscripts are significantly different (P =-8..05).
NS P>-0..05; *P=-0..05; **P=<-0.01; **+P=<-0.001.
1 BCFA = branched-chain fatty acids; SFA = saturated fatty acids.

2 1: control cheese made with starters Lactococcus lactis subsp. lactis TAUL 238 and Lc. lactis subsp. cremoris TAUL 1239 strains; 2: cheese made with starters of cheese type 1 and Lactobacillus plantarum TAUL

1588; 3: cheese made with starters of cheese type 1 and Lactobacillus casei subsp. casei SS 1644; 4: cheese made with starters of cheese type 1 and both Lactobacillus strains used in cheese types 3 and 4.

3 SE = standard error. Results as mean values of duplicate determination of each fatty acid at 2, 90, 180 and 240 days of ripening.

TFable-2:Table 2 Monounsaturated fatty acid composition (g/100 g of total fatty acids methyl esters) of the four sheep cheese types produced with different cultures.
alt-text: Table 2

Variable! Cheese types? SE3 P- value
1 2 3 4

Total MUFA 22.68a2 23.96» 23.68p 24.64¢ 0.116 R
2 cis-MUFA 19.79a 20.93p 20.63v 20.83p 0.105 R
10:1 0.26a 0.262 0.26a 0.262 0.003 NS
12:1 ¢-11 0.06a 0.05b 0.05p 0.062 0.001 ok
14:1 ¢9 0.162 0.15ab 0.14» 0.12¢ 0.004 R
2 cis-16:1 0.96a 0.92bc 0.91¢ 0.942b 0.007 A
16:1 ¢-7 0.21a 0.21a 0.23p 0.25¢ 0.004 otk
16:1 ¢-8 0.02a 0.022 0.02a 0.03p 0.002 ek
16:1 ¢9 0.62a 0.59p 0.56¢ 0.53d 0.005 R
16:1 ¢-10 0.07a 0.062> 0.062> 0.05¢ 0.003 &

16:1 c-11 0.03a 0.03a 0.03a 0.05b 0.003 R
16:1 ¢-13 0.02a 0.022 0.02a 0.022 0.002 NS
17:1 ¢9 0.21a 0.18> 0.17vc 0.16¢ 0.005 R
2 cis-18:1 18.11a 19.31b 19.05b 19.23p 0.102 A
18:1 ¢9 17.002 18.14» 17.81b 17.88> 0.100 gtk
18:1 c¢-11 0.65a 0.672 0.69a 0.76b 0.014 AR
18:1 ¢-12 0.30a 0.33p 0.33p 0.32p 0.003 R
18:1 ¢-13 0.03a 0.032 0.04» 0.05¢ 0.002 R

18:1 ¢-15 0.072 0.062 0.10» 0.12¢ 0.004 g



18:1 ¢-16 0.072 0.08ap 0.09bc 0.10¢ 0.003 e

20:1 c-11 0.042 0.042 0.042 0.042 0.002 NS
Other 20:1 0.002 0.01p 0.01» 0.01p 0.001 g
2 transs MUFA 2.892 3.04p 3.05» 3.81¢ 0.020 pae
15:1 0.052 0.04> 0.04» 0.04> 0.002 e
2 trans-16:1 0.222 0.21a 0.222 0.24b 0.005 houtd
16:1 t4 0.01a 0.01a 0.01a 0.01- 0.001 NS
16:1 ¢-5 0.01a 0.01= 0.01a 0.01= 0.001 NS
16:1 t6 0.022 0.022 0.022 0.022 0.002 NS
16:1 -7+ t-8 0.032 0.03= 0.032 0.03= 0.002 NS
16:1 t9 0.122 0.122 0.122 0.14> 0.002 Eusd
16:1 £-10 0.022 0.03ap 0.032b 0.04> 0.002 e
2 trans-18:1 2.622 2.80p 2.79p 3.53¢ 0.019 s
18:1 t4 0.022 0.022 0.022 0.022 0.001 NS
18:1 -5 0.022 0.022 0.022 0.022 0.002 NS
18:1 -6+ t-7+ t-8 0.21a 0.22a 0.22a 0.24> 0.003 Rt
18:1 t9 0.232 0.26p 0.232 0.26p 0.006 e
18:1 £-10 0.292 0.35p 0.36° 0.47¢ 0.009 e
18:1 11 (VA) 1.19a 1.17ap 1.13» 1.55¢ 0.013 houtd
18:1 t-12 0.41a 0.46b 0.46° 0.54¢ 0.005 g
18:1 t-16.+.c-14 0.262 0.31p 0.36¢ 0.444 0.003 R

a-d Means in the same row with different superscripts are significantly different (P =-8..05).

NS P>0.05; *P=-6.05; *P=-0.01; *»**P=0.001.

1 AT = atherogenicity index, calculated according to Ulbricht and Southgate (1991); CLA = conjugated linoleic acid; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; RA = rumenic acid;

VA_ = vaccenic acid.

2 1: control cheese made with starters Lactococcus lactis subsp. lactis TAUL 238 and Lc. lactis subsp. cremoris TAUL 1239 strains; 2: cheese made with starters of cheese type 1 and Lactobacillus plantarum TAUL

1588; 3: cheese made with starters of cheese type 1 and Lactobacillus casei subsp. casei SS 1644; 4: cheese made with starters of cheese type 1 and both Lactobacillus strains used in cheese types 3 and 4.

3 SE = standard error. Results as mean values of duplicate determination of each fatty acid at 2, 90, 180 and 240 days of ripening.

TFable-3:-Table 3 Polyunsaturated fatty acid composition (g/100 g of total fatty acids methyl esters) and fatty acid indexes of the four sheep cheese types produced with different cultures.
alt-text: Table 3

Variable! Cheese types? SE3 P- value



Total PUFA

> non-conjugated 18:2
18:2 ¢9,+13 + t-8,c-12
18:2 ¢9,t12 + ¢-8,c-13
18:2 t9,c-12

18:2 t-11,¢-15

18:2 other ¢t

18:2 ¢9,c-12

18:2 ¢9,c-15

2 conjugated 18:2 (CLA)
18:2 t-7,c-9

18:2 ¢9,t11 (RA)

18:2 t-11,c-13

18:2 t-11,£13

18:2 other £t

Total 18:2

18:3 ¢9,£+11,c-15

> omega-6
18:3 n-6
20:2 n-6
20:3 n-6
20:4 n-6

22:4 n-6

> omega-3
18:3 n-3
20:5n-3
22:5n-3

22:6 n-3

omega-6/omega-3

4.222

2.782
0.272
0.13=
0.03a
0.052
0.172
2.11a

0.01a

0.582
0.052
0.482
0.01a
0.01a

0.032

3.362

0.052

2.402
0.04-
0.032
0.022
0.182

0.032

0.522
0.372
0.04=
0.092

0.03=

4.632

4.47v

3.06P
0.31b
0.15b
0.03a
0.042
0.182
2.34be

0.01a

0.56P
0.07-
0.44b
0.01a
0.01a

0.032

3.62b

0.062

2.63be
0.04-
0.022
0.022
0.17=

0.032

0.502
0.362
0.03a
0.092

0.022

4.23b

4.75¢

3.20¢
0.35¢
0.16p
0.03a
0.11p
0.182
2.37v

0.02b

0.54¢
0.052
0.44b
0.01a
0.01a

0.032

3.74¢

0.062

2.68p
0.04-
0.022
0.022
0.192

0.042

0.63p
0.48p
0.03=
0.102

0.03=

4.24b>

4.994d

3.314
0.414
0.18¢
0.02a
0.18¢
0.182
2.32¢

0.02b

0.69d
0.062
0.58¢
0.01a
0.01-

0.032

3.994

0.08

2.58¢
0.04~
0.022
0.022
0.14»

0.032

0.66»
0.49p
0.04-
0.12b

0.022

3.89¢
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0.020
0.005
0.002
0.002
0.006
0.004
0.013

0.001

0.004
0.005
0.006
0.001
0.001

0.002

0.021

0.004

0.019
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0.002
0.001
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Al 2.732 2.47v 2.39p 2.14¢ 0.040 ol

a-d Means in the same row with different superscripts are significantly different (P <-8..05).
NS P > 0.05; *P=<-0.05; *P=-0.01; **P=<0 .001.
1 AT = atherogenicity index, calculated according to Ulbricht and Southgate (1991); CLA = conjugated linoleic acid; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; RA = rumenic acid;
VA = vaccenic acid.
2 1: control cheese made with starters Lactococcus lactis subsp. lactis TAUL 238 and Lc. Jactis subsp. cremoris TAUL 1239 strains; 2: cheese made with starters of cheese type 1 and Lactobacillus plantarum TAUL

1588; 3: cheese made with starters of cheese type 1 and Lactobacillus casei subsp. casei SS 1644; 4: cheese made with starters of cheese type 1 and both Lactobacillus strains used in cheese types 3 and 4.

3 SE_= standard error. Results as mean values of duplicate determination of each fatty acid at 2, 90, 180 and 240 days of ripening.

On the contrary, the type of culture used for sheep cheese-making, had a significant effect (P<-8.05) on the fatty acid composition. Saturated fatty acid (SFA) contents of the four types are shown in Table 1. SFA were the
predominant fatty acids in the cheeses accounting for 73% of total FAME in the control cheese type, 72% in cheese types 2 and 3, and 70% in the cheese type 4. Palmitic acid (C,4,,) was found in major proportion, followed by myristic
acid (C,,.). These results were similar to those described by Bodas et al. (2010) in their study of the fatty acid content of sheep cheeses produced with milk from flocks fed with different diets. From a nutritional point of view, 17% lower

contents of Cy,.y, Ci4,0 and Cyq, in type 4 are important and positive. This is because all these fatty acids are preferentially stored as body fat and are considered as hypercholesterolemic (Parodi, 2004).

Furthermore, one of the most important results of this study was that the combination of two strains of Lactobacillus in the culture used for cheese-making (cheese type 4) led to a significant (P=-6.001) higher concentration of
Cg.0. Cg.0 and Cy (9, 17 and 8% higher, respectively), which have been associated with positive effects on human health (Nagao & Yanagita, 2010; Parodi, 2004). These fatty acids are easily digestible, show a low tendency to be stored in
the adipose tissue, are preferentially hydrolysed from the triglycerides molecules and are transferred directly from the intestine to the bloodstream. Afterwards, they are transported as free fatty acids to the liver where they are
metabolized via mitochondrial B-oxidation without triglycerides resynthesize, acting as a quick energy source for cells. Furthermore, these short-chain fatty acids also play an interesting role on the sensory characteristics of cheeses

due to their lower perception thresholds in comparison to longer-chain fatty acids (Laskaridis et al., 2013).

Cheese produced with the combination of both Lactobacillus strains in the culture showed the lowest concentration of C;,,, and branched-chain fatty acids (BCFA) in comparison to cheeses produced with the cultures including
one Lactobacillus strain as adjunct culture. This fact showed that the metabolism of the cultures used for cheese-making played an important role in the content of these minor fatty acids in cheese, confirming the relation between the

production of odd and BCFA and the type of microorganism involved in the fermentative process.

The total amount of monounsaturated fatty acids (MUFA) was significantly different (P<-6.05) increasing from 22.68% in the cheese type 1, up to 24.64% of total fatty acids in cheese type 4 (Table 2). Cheese types 2 and 3

presented an intermediate proportion (23.96% and 23.68%, respectively) of MUFA between the other two cheese types.

Oleic acid (C,g.; cis-9) was the fatty acid of the MUFA group that was detected in the highest proportion for the four sheep cheese types, ranging between 78- and 80% of the total MUFA analysed. Differently, Mohan et al. (2013)
detected that Cheddar cheese produced with a CLA-producing strain had a lower content of oleic acid compared to the control cheese. In the present study, it was observed that the use of a combination of cultures including
autochthonous CLA-producing strains generated increases of cis-Cg,, isomers, mainly cis-9 (Table 2). This trend was also observed in the case of the trans-MUFA, being vaccenic acid the major isomer of trans-C,g, content in sheep
cheese, which represented approximately 44% of total trans-C,g.;. Similarly, dos Santos et al. (2012) and Taboada et al. (2015) detected 1.49% - 2.01% of vaccenic acid in goat cheese using CLA-producing strains. High vaccenic acid
content in cheese would be desirable since it can be used by humans for the endogenous synthesis of rumenic acid (through the stearoyl Co-A enzyme) providing the beneficial effects on human health that have been attributed to this

CLA isomer (Turpeinen et al., 2002).

The type of culture affected the total PUFA content of sheep cheeses in this study (Table 3). Control cheese type presented 4.22% of total PUFA followed by cheese type 2 with 4.47-%. The PUFA proportion of the cheese types 3
and 4 was 4.75-% and 4.99%, respectively. Within this fatty acids group it is important to highlight the great importance of CLA and omega-3 fatty acids because they have been associated with beneficial effects on human health and
the intake of these fatty acids through food is essential to achieve these beneficial effects (Swanson, Block, & Mousa, 2012; Yang et al., 2015). Cheese type 4 produced using the combination of Lb. plantarum TAUL 1588 and Lb. casei subsp.
casei SS 1644 in the culture contained 19% more content of total CLA than the control cheese and cheese types 2 and 3. The combination of the two strains could generate more favourable conditions so that linoleate isomerase activity
of both strains was optimal. This fact could explain the highest concentration of total CLA observed in cheese type 4 with respect to the control cheese and cheese types 2 and 3. Gorissen et al. (2011) indicated that linoleate isomerase
activity in LAB depends on environmental conditions such as pH or temperature and it is also strain-dependent. Unfortunately, the mechanisms and factors that affect CLA synthesis by LAB remain unknown and it is necessary to carry

out further studies.



The chromatographic method used allowed to detect different CLA isomers. Rumenic acid was the major isomer detected in all cheese types representing mere-than>80% of total CLA (Table 3). This fact was in accordance with
that described by other authors in sheep cheese (Mele et al., 2011; Zlatanos, Laskaridis, Feist, & Sagredos, 2002). These values were in agreement with those compiled by El-Salam and El-Shibiny (2014), highlighting the great interest of the

combination of CLA-producing strains for cheese-making, since it generated higher concentration of this bioactive fatty acid.

a-linolenic acid was the major omega-3 fatty acid in all sheep cheeses (Table 3). Cheese types including the Lb. casei subsp. casei SS 1644 strain showed higher concentration of this fatty acid. On the contrary, cheese type 2
containing the Lb. plantarum TAUL 1588 strain showed a similar a-linolenic acid content as the control cheese. Consecuently, Lb. casei subsp. casei SS1644 strain could be the responsible for the higher a-linolenic acid contents in sheep

cheeses.

Overall, changes in the fatty acid content of the cheeses gave rise to significant differences (P=-6.001) in the indexes related to human health (Table 3). High omega-6/omega-3 ratio and atherogenicity index (AI) in foods do not
imply that the consumption of these foods should be eliminated, but must be kept to a moderate level (Taboada et al., 2015). The omega-6/omega-3 values obtained for control cheese (4.63) were significantly higher (7=9.001) than those
observed in cheese types 2, 3 and 4 (4.23, 4.24 and 3.89, respectively). The same trend was observed for the AI values, where the control cheese showed the highest value (2.73) for this index. Cheese types 2 and 3 presented lower

(P=6.001) Al values (2.47 and 2.39) than the control cheese. Finally, the cheese type 4 showed the lowest Al values (2.14).

As Astrup et al. (2016) described, current dietary recommendations indicate there is strong evidence that replacing SFA with MUFA and PUFA, reduces plasma LDL-cholesterol and cardiovascular disease risk. These authors also
highlighted that according to the report of the Dietary Guidelines Advisory Committee (2015), strong and consistent evidence indicates that replacing SFA with PUFA reduces the risk of cardiovascular disease events and coronary
mortality. However, this occurred when SFA is replaced by an adequate omega-6 and omega-3 ratio (approximately 5:1), because replacement with only omega-6 fatty acids may increase the risk of cardiovascular disease, cancer, and
inflammatory and autoimmune diseases, whereas increased levels of omega-3 (a low omega-6/omega-3 ratio) exert suppressive effects (Simopoulos, 2002). Therefore, the results of the present study showed that the use of the
autochthonous CLA-producing Lactobacillus plantarum TAUL 1588 and Lb. casei subsp. casei SS1644 strains as adjunct cultures for cheese-making enhanced the content of the fatty acids with beneficial properties on human health. This

effect was higher when both strains were included in the culture (cheese type 4) compared to the culture that did not include CLA-producing strains (control cheese).

Additionally, a principal component analysis (PCA) was performed in order to get a better picture of the fatty acid content showed by the four sheep types throughout ripening (Figeze. 1). In the PCA plot, 3 main groups were
identified along the first two components, which explained 91% of the total variation. Cheeses produced with the combination of the two strains were located on the right side of the plot and correlated with cis-, trans-, and total MUFA,
non-conjugated and total C,g,,, total CLA, PUFA, omega-6, and omega-3. On the contrary, control cheeses were located on the left side of the plot and associated with the content of total SFA, omega-6/omega-3 ratio and Al. Cheeses that
were part of cheese types 2 and 3 constituted a single group that presented intermediate values between cheese types 1 and 4. Therefore, these results confirm that there is almost no variation related to the cheese-making process
itself, and that the type of culture used in cheese-making is the predominant factor influencing cheese fatty acid content (Tables 1, 2 and 3). These results also confirmed that the autochthonous cultures previously detected as CLA-

producers in vitro presented this ability when cheeses were produced (Renes et al., 2017b). Therefore, the results of the present study are of great interest in obtaining dairy products with improved fatty acid content from sheep milk.
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Figure-1:Fig. 1 Score plot (A) and loading vectors (B) of the variables after principal component analysis of the fatty acid composition of the four sheep cheese types throughout ripening (2, 90, 180 and 240 days). CLA = conjugated linoleic acid; MUFA = monounsaturated fatty acids
PUFA = polyunsaturated fatty acids; BCFA = branched-chain fatty acids; SFA = saturated fatty acids.

alt-text: Fig. 1

3:2:3.2 Texture, colour and sensory analysis

In general, texture, colour and sensory data revealed that the use of different adjunct cultures for cheese-making did not lead to important changes on the analysed parameters.

The mean values obtained for the parameters of the texture profile analysis (TPA) and the colour analysis of the four cheese types during ripening are presented in Table 4. Hardness increased up to 240 days of ripening in all
the studied cheese types. At this ripening time, cheese types 1 and 2 showed the highest (P<=-68.01) hardness values. In general, cohesiveness and chewiness decreased slightly during the first 90 days of ripening, after which remained
constant or increased slightly. However, springiness decreased gradually during all the ripening period, reaching after 240 days a final value 50% lower than the initial at 2 days. At 240 days of ripening, no significant differences
(P=-6.05) were observed for cohesiveness, springiness and chewiness between the four cheese types studied. In fact, important changes in texture occur during the first days of cheese ripening because initially the rubbery texture of

young cheese is converted to a more homogeneous product and then a gradual change in texture occurs due to hydrolysis of caseins (Pinho et al., 2004).

Fable4:-Table 4 Texture profile analysis and colour measurement of the four cheese types during 240 days of ripening time.
alt-text: Table 4
Ripening time Cheese types! Hardness (N) Cohesiveness Springiness Chewiness L* a* b*

2 days 1 101.48 + 4.7622 0.19 + 0.022A 0.69 + 0.032A 12.21 + 1.02a4 88.53 + 1.672A -—1.95+0.102A 14.58 + 0.5122



2 103.34 + 6.3122 0.18 + 0.01a4 0.69 + 0.042A 11.59 + 0.4622 88.92 + 1.0024 -—1.97 £ 0.12a2 14.05 + 0.4624
S 166.85 + 3.18vA 0.21 + 0.0124A 0.74 + 0.042A 25.86 + 2.63pA 89.44 + 0.4624A -—1.90 + 0.012A 14.64 + 0.4622
4 162.21 + 4.37vA 0.18 + 0.0224 0.69 + 0.0324 19.55 + 2.76¢A 87.32 + 1.820A -—1.90 + 0.1024 14.33 + 0.5222
90 days 1 148.44 + 1.2728 0.13 + 0.01=8 0.53 + 0.03=8 7.65 + 5.11248 75.94 + 1.27=8 -—2.69 +0.13= 18.81 + 0.788
2 133.45 + 8.88pB 0.13 + 0.01-8 0.36 + 0.04»8 5.98 + 0.64aC 75.75 + 2.05428 --3.03+0.11b8 18.67 + 0.42aB
3 180.84 + 7.35¢B 0.13 + 0.01=8 0.49 + 0.0528 12.42 + 1.72=8 77.74 + 1.8428 -—2.25+0.18¢B 18.78 + 0.782B
4 174.98 + 7.43¢B 0.13 + 0.0228 0.42 + 0.042bB 9.17 + 1.2028 76.53 + 1.4728 -—2.49 + 0.22acB 21.06 + 0.3658
180 days 1 293.42 + 7.95C 0.14 + 0.01-8 0.38 + 0.02apc 16.11 + 1.84aC 75.75 + 2.4528 --1.93 + 0.2624 18.30 + 0.7728
2 230.37 + 2.12bc 0.13 + 0.01-=8 0.30 + 0.03=8 8.62 + 0.30vcB 75.12 + 2.42:8 -—2.23 +£0.21a2 19.36 + 0.8828
S 265.65 + 3.15aC 0.13 + 0.01-8 0.42 + 0.058 13.64 + 2.11acB 75.44 + 1.88C -—2.25 + 0.2428 18.59 + 0.762B
4 252.00 + 1.73abC 0.13 + 0.01-8 0.33 + 0.05a¢ 10.82 + 1.35bcB 74.64 + 0.8628 -—2.29 +0.19=8 18.00 + 0.48=8
240 days 1 324.00 + 1.522p 0.14 + 0.01=8 0.31 + 0.03ac 13.89 + 0.93aBC 75.00 + 1.6028 -—1.89+0.1324 19.43 + 0.5628
2 289.42 + 2.81abD 0.13 + 0.01-8 0.30 + 0.03a8 11.22 + 2.10a4B 74.99 + 1.8028 -—2.22 +0.202A 19.48 + 0.93=B
) 267.31 + 2.09c 0.13 + 0.01=8 0.35 + 0.03ac 11.81 + 1.82=8 74.84 + 0.867C -—2.29 +0.1938 19.39 + 0.852B
4 266.03 + 2.71bp 0.13 + 0.01=8 0.32 + 0.042c 12.10 + 1.93=8 74.61 + 2.4828 -—2.22 4 0.272A8 19.87 + 0.5428

a-d Means * standard deviation in the same column with different superscripts (lowercase for differences between batches in the same time of ripening and uppercase for differences between ripening times in each
batch) are significantly different (P=<-8.05).
11: control cheese made with starters Lactococcus lactis subsp. lactis TAUL 238 and Lc. lactis subsp. cremoris TAUL 1239 strains; 2: cheese made with starters of cheese type 1 and Lactobacillus plantarum TAUL

1588; 3: cheese made with starters of cheese type 1 and Lactobacillus casei subsp. casei SS 1644; 4: cheese made with starters of cheese type 1 and both Lactobacillus strains used in cheese types 3 and 4.

No significant differences (P=-6.05) were observed for the colour parameters studied between the cheese types throughout 240 days of ripening. In all the cheese types, a decrease in lightness (L*) and an increase in redness
(a*) and yellowness (b*) during cheese ripening was detected. The changes of the colour parameters of cheese during ripening are strongly related to the physico-chemical changes that take place during cheese ripening because each

cheese component reflects specific wavelengths of light. The increase in the a* and b* colour parameters is mainly due to the increase of the dry matter content of the cheeses during ripening (Avila, Garde, & Nuiiez, 2008).

The mean scores allocated by the panellists for the attributes evaluated in the four cheese types after 180 and 240 days of ripening are shown in Figuse. 2. The use of the selected strains as adjunct cultures did not cause any
changes (P=-0.05) on the majority of the attributes studied in cheeses after 180 days of ripening. The control cheese showed higher values of colour and odour intensity (Figuse. 2A). Regarding the colour attribute, no correlation was
found with the results obtained in the instrumental analysis. For this ripening period L*, a* and b* values were similar in the four cheese types studied. None of the cheese types showed anomalous odour. At 240 days of ripening,
significant differences were detected (P<-8.05) for the attributes of odour and flavour intensity (Figaze. 2 B). Cheese types 2 and 3 presented the lowest score for odour and taste intensity. No significant correlation was observed
between the values obtained for the texture attributes and those resulting from the TPA for neither of the two ripening times. This was observed due to the fact that panellists reported no noteworthy effect of the culture used for

cheese-making on the texture attributes of the cheeses. In any cheese type, even for significantly different attributes, the differences were small, always lower than 1 point in the perception scale.
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Figure-2-Fig. 2 Sensory analysis of the four sheep cheese types after 180 days (A) and 240 days (B) of ripening. 1: control cheese made with starters Lactococcus lactis subsp. lactis TAUL 238 and Lc. lactis subsp. cremoris TAUL 1239 strains; 2: cheese made with starters of cheese
type 1 and Lactobacillus plantarum TAUL 1588; 3: cheese made with starters of cheese type 1 and Lactobacillus casei subsp. casei SS 1644; 4: cheese made with starters of cheese type 1 and both Lactobacillus strains used in cheese types 3 and 4. *Denotes attributes significantly
different (P<-6.05) between cheese types.

alt-text: Fig. 2

4.4 Conclusion

The combination of the autochthonous Lactobacillus plantarum TAUL 1588 and Lactobacillus casei subsp. casei SS 1644 strains in the culture 4 led to healthier fatty acid content in the sheep cheese type produced, in
comparison to the control cheese. The sheep cheese produced with the combination of the two Lactobacillus strains as adjunct cultures showed higher vaccenic acid, CLA and omega-3 levels, as well as lower Cy,,, and C,¢,, content,
omega-6/omega-3 ratio and Al than the control cheese. In addition, these fatty acid content changes in sheep cheeses did not generate differences on their sensory characteristics. Overall, the use of these autochthonous CLA-
producing cultures could be a promising approach to improve the nutritional quality of cheese fat with special emphasis on bioactive fatty acids, which would be of special interest to the dairy industry in order to meet consumer

demands.
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Highlights:

¢ Non-starter lactic bacteria could increase bioactive fatty acids in sheep cheeses.
¢ CLA-producing adjunct cultures improve the nutritional value of cheese fat.
¢ Ripening time had no effect on fatty acid content.

¢ CLA-producing Lactobacillus did not modify the sensory characteristics of cheese.
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