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òScience has not yet taught us if madness is or is not the  
sublimity of the intelligenceó 

 
Edgar Allan Poe (1809-1849) 

 

 

 
òNo es verdad que las personas dejen de perseguir sueños 
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RESUMEN  
 

 

En la actualidad la creciente demanda de alimentos con efectos beneficiosos sobre 

la salud humana, está dando lugar a que en la industria alimentaria se tenga la necesidad 

de investigar nuevos métodos para satisfacer las exigencias del consumido r.  

En este sentido, el queso, que supone un porcentaje importante del comercio 

agrícola mundial, ha suscitado en los últimos años una connotación negativa por parte del 

consumidor debido a la relación del contenido en ácidos grasos saturados de este alimen to 

y el desarrollo de algunas enfermedades. Sin embargo, el queso también presenta 

compuestos con efectos beneficiosos sobre  la salud del consumidor, como es el caso del 

ácido linoleico conjugado (CLA).  

Ante la situación planteada, el objetivo general de esta Tesis Doctoral fue abordar  la 

posible mejora del perfil nutricional del queso de oveja. En consecuencia, los métodos 

estudiados para alcanzar este objetivo abarcaron aspectos que van desde la producción 

animal hasta la tecnología de elaboración del qu eso.  

En primer lugar, se estudió el efecto de la alimentación, de la etapa de lactación, del 

mes de muestreo y del rebaño en el perfil de ácidos grasos, con especial énfasis en el CLA, 

de la leche de tanque procedente de granjas de ovino comerciales. En e ste estudio se 

observó que en las granjas de ovino en las que se practicaba un régimen alimentario 

basado en un 50% de pastoreo, la leche de tanque que se obtenía presentaba mayor 

proporción de CLA (1,16%) así como los mejores valores para la relación omega-6/ omega-3 

(1,90) e índice de aterogenicidad (1,59) en comparación con la leche de tanque procedente 

de granjas en las que a las ovejas no les era permitido el acceso al pasto (0,79%, 3,41 y 

1,88, respectivamente). Resulta oportuno indicar que el efecto d e la etapa de lactación 

sobre la proporción de ácidos grasos presentes en la leche de oveja fue menos importante 

que el del resto de los factores estudiados ya que explicó menos del 4,18% de la varianza.  

En segundo lugar, es conocido el papel que pueden ju gar los microorganismos 

durante la elaboración de los quesos en la mejora de su calidad nutricional y sensorial. Por 

ello, se analizó la capacidad para sintetizar CLA y ácido gamma -aminobutírico (GABA) en 

85 cepas de bacterias ácido lácticas aisladas de qu esos artesanales. Como resultado de 

este estudio se observó que seis cepas de Lactobacillus brevis y cuatro cepas de 

Lactococcus lactis subsp. lactis fueron capaces de sintetizar GABA en medio de cultivo 

suplementado con glutamato monosódico (5 mg/mL) y qu e la mayor concentración 

(2524, 05 ȋg/mL) producida por estas cepas fue detectada tras 72 h de incubaci·n. As² 

mismo, cuatro cepas de Lactobacillus plantarum y dos cepas de Lactobacillus casei subsp. 

casei fueron identificadas como productoras de CLA mediante detección 

espectrofotométric a de los dobles enlaces conjugados. Posteriormente, se analizó la 

capacidad de estas 6 cepas autóctonas para producir CLA en medio de cultivo y leche 

desnatada suplementados con ácido linoleico (0,5 mg/mL) bajo diferentes tiempos de 

incubación (24, 48 y 72  h). En particular, Lactobacillus plantarum  TAUL 1588 fue la cepa 

que produjo la mayor concentración de los isómeros cis-9, trans -11 C 18:2 (23,73 ȋg/mL), 

trans -10, cis-12 C 18:2  (3,37 ȋg/mL) y trans -9, trans -11 C 18:2  (27,97 ȋg/mL) en medio de 

cultivo tras 48 h de incubación. Sin embargo, Lactobacillus casei subsp. casei  SS 1644 fue 
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la cepa que sintetizó mayor concentración de los isómeros cis-9, trans -11 C 18:2 (18,33 

ȋg/mL) y trans -9, trans -11 C 18:2  (35,05 ȋg/mL) en leche desnatada. 

En tercer lugar, y en base a la buena capacidad para sintetizar CLA por parte de 

estas dos cepas autóctonas de Lactobacillus , se diseñaron cuatro cultivos con posible 

aplicación en la elaboración de queso de oveja. En es te estudio se observó que el cultivo 

compuesto por la combinación de estas cepas produjo la mayor concentración (56,51 

ȋg/mL) de CLA en leche desnata suplementada con §cido linoleico. A su vez, los cultiv os 

compuestos por cepas de Lactobacillus  productoras de CLA en combinación con cepas de 

Lactococcus lactis  autóctonas con adecuada aptitud tecnológica fueron más efectivos en la 

producción de CLA que los cultivos que incluyeron cepas comerciales de Lactococcus lactis  

y los Lactobacillus productores de CLA.  

Finalmente, se elaboraron cuatro lotes de queso de oveja a partir de leche 

procedente de una de las granjas en la cual las ovejas fueron alimentadas bajo régimen de 

pastoreo y se emplearon diferentes cult ivos constituidos por dos cepas autóctonas de 

Lactococcus lactis y las dos cepas de Lactobacillus mencionadas previamente. Cabe 

destacar que la combinación de estas cuatro cepas en el cultivo empleado en la 

elaboración de queso fue la que generó mayor conc entración de ácido vacénico (1,55%), 

CLA (0,69%) y ácidos grasos omega-3 (0,66%) sin apreciar cambios significativos en las 

características sensoriales en comparación con el lote control, elaborado únicamente con 

las cepas autóctonas de Lactococcus lactis . Así mismo, tras 240 días de maduración de los 

cuatro lotes de queso, se detectó una alta concentración de GABA (1296,75 mg/kg queso) 

y ornitina (2355,76 mg/kg queso), los cuales se ha descrito que tienen efectos beneficiosos 

sobre la salud humana. De igua l manera, se observó que el lote de queso que incluía la 

cepa Lactobacillus plantarum TAUL 1588 y las dos cepas autóctonas de Lactococcus lactis , 

mostró 2,37 veces menos de aminas biógenas que el lote que se elaboró con el cultivo que 

contenía las cepas de  Lactococcus lactis pero no la cepa de Lactobacillus plantarum . 

En definitiva, esta Tesis Doctoral demuestra la gran influencia que ejercen las 

prácticas de manejo del ganado ovino en el perfil de la grasa láctea así como la repercusión 

que tiene el empleo  de cultivos lácticos seleccionados en función de su capacidad para 

sintetizar compuestos bioactivos con efectos beneficiosos sobre la salud humana en el 

desarrollo de productos lácteos con calidad nutricional mejorada.  
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SUMMARY  
 

 

Current ly, the growing demand for foods with beneficial effects on human health is 

generating the need to investigate new innovations  in the food industry in order to meet 

the consumer demand.  

 In this context, cheese, which represents a significant percentage of  the world 

agricultural trade, has generated a negative connotation on consumers in recent years due 

to the relationship between the saturated fatty acids in cheese and the development of 

some diseases. However, cheese contains other compounds that can imp rove the consumer 

health, such as the conjugated linoleic acid (CLA).  

In the face of this situation, the general aim of this Doctoral Thesis was to study the 

potential for  improvement of the nutritional value  of sheep milk cheese. Consequently, the 

method s studied to achieve this aim included aspects related to the animal production and 

to the cheese-making process .  

First, the effect of the feeding regimen, lactation stage, sampling month and flock on 

the fatty acid profile, with special emphasis on CLA, of bulk tank milk from commercial 

sheep farms was studied. It was observed that in sheep farms where a feeding regimen 

based on 50% grazing was practiced, the bulk tank milk had a higher proportion of CLA 

(1.16%) as well as the improved  omega-6/ omega-3 rat io (1.90) and atherogenicity index 

(1.59) compared to the bulk tank milk from farms where sheep did not graze (0.79%, 3.41 

and 1.88, respectively). The effect of lactation stage on the fatty acid proportions of sheep 

milk was less important than that of th e other factors studied , since  it explained less than 

4.18% of the variance.  

Second , the role that microorganisms can play during the cheese -making pro cess 

for  the improvement of the  nutritional and sensory quality of cheese is well known. Thus, 

85 strains  of lactic acid bacteria isolated from artisanal cheeses were studied to determine 

their ability  to synthesize CLA and gamma -aminobutyric acid (GABA). It was observed that 

six Lactobacillus brevis and four Lactococcus lactis subp. lactis  strains were able to produce 

GABA in culture medium supplemented with monosodium glutamate (5 mg/mL) and the 

highest concentration (2524.05 µg/mL) of GABA was found after 72 h of incubation. 

Likewise, four Lactobacillus plantarum  and two Lactobacillus casei  subsp. casei  str ains 

were identified as CLA -producers by spectrophotometric detection of the conjugated double 

bonds. Subsequently, the ability of these 6 autochthonous strains to produce CLA in 

culture medium and in skim milk supplemented with linoleic acid (0.5 mg/mL) u nder 

different incubation times (24, 48 and 72 h) was analyzed. In particular, Lactobacillus 

plantarum  TAUL 1588 was the strain that produced the highest concentration of the 

isomers cis-9, trans -11 C 18:2 (23.73 ȋg/mL), trans -10, cis-12 C 18:2  (3.37 ȋg/mL) an d trans -

9, trans -11 C 18:2  (27.97 ȋg/mL) in culture medium after 48 h incubation. However, 

Lactobacillus casei subsp. casei  SS 1644 was the strain that synthetized the highest 

concentration of the isomers  cis-9, trans -11 C 18:2 (18.33 ȋg/mL) and trans -9, trans -11 C 18:2  

(35.05 ȋg/mL) in skim milk.  

Third, based on the demonstration of the ability of these two Lactobacillus  str ains to 

synthesize CLA, four cultures were designed with possible application for the production of 

sheep milk cheese . In this stu dy, it was  observed that the culture including  the 
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combination of these strains produced the highest concentration (56.51 ȋg/mL) of CLA in 

skim milk supplemented with linoleic acid. Additionally, the cultures including  these CLA -

producing  Lactobacillus  strains in co mbination with the autochthonous Lactococcus lactis  

strains  (with adequate technological aptitude) were more effective in CLA production than 

the cultures including  commercial strains of Lactococcus lactis  and the CLA -producing 

Lactobacillus strains.  

Final ly, four batches of sheep milk cheese were manufactured with the bulk tank 

milk fr om one of the farms in which  sheep were grazed and using four different cultures, 

consisting on the two autochthonous Lactococcus lactis  strains and the two CLA -producing 

Lactobacillus  strains mentioned previously. Significantly, the combination of the four 

strains in the culture used for  cheese-making produced higher concentration s of vaccenic 

acid (1.55%), CLA (0.69%) and omega-3 fatty acids (0.66%) without appreciating impo rtant 

changes on the sensory characteristics compared to the control batch,  which was 

produced  only with the autochthonous Lactococcus lactis  strains. Likewise, after 240 days 

of ripening, a high concentration of GABA (1296.75 mg/kg cheese) and ornithine ( 2355.76 

mg/kg cheese) were detected in the four cheese batches. As has been described  previously , 

these compounds have beneficial effects on human health. In addition, it was observed 

that the batch produced with the culture including  the Lactobacillus pla ntarum TAUL 1588 

strain and the two Lactococcus lactis  strains , showed 2.37 fold reduced biogenic amine s 

concentration with respect to the batch made with the culture including  the Lactococcus 

lactis strains but not the Lactobacillus plantarum  strain . 

In c onclusion, this Doctoral Thesis shows the great influence of sheep management 

practices on the fatty acid profile of milk as well as the repercussion from  the use of lactic  

acid bacteria  cultures selected for their ability to synthetize bioactive compounds , with 

beneficial effects on human health, on the development of dairy products with improved 

nutritional quality.  
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1. INTRODUCCIÓN  GENERAL  
 

 

1.1. Importancia de la leche y qu eso de oveja en la industria alimentaria  

 

La leche y los productos lácteos representan cerca del 14% del comercio agrícola 

mundial. Tradicionalmente, la leche de vaca es la de mayor consumo suponiendo un 85% 

de la producción mundial de leche. Sin embargo, la producción láctea de pequeños 

rumiantes, como la leche de oveja, representa una parte importante de la economía agraria 

de varios países principalmente situados en la región Mediterránea y Oriente Medio. En 

2015, la producción mundial de leche de oveja alcanzó 13 millones de toneladas, siendo 

los mayores productores: China (12%), Turquía (8,5%), Grecia (5,5%), Rumanía (5%) y 

España (4,7%) (FAO, 2015) . En España la comunidad con mayor producción de leche de 

oveja es Castilla y León con un 64% seguida por Castilla -La Mancha con un 27% 

(MAPAMA, 2016) . La mayor parte de la producción de leche de oveja es destinada a la 

elaboración de queso. En este sentido, España abarca el 35% de la producción de queso de 

oveja en la UE.  

En la última década, los requisitos d el consumidor en relación con los alimentos 

están cambiando. Los alimentos no son sólo utilizados para satisfacer el hambre sino 

además para prevenir enfermedades relacionadas con la alimentación y para mejorar la 

salud física y mental (Bigliardi y Galati,  2013) . Como consecuencia, el desarrollo de 

alimentos que satisfagan estas nuevas necesidades del consumidor es de gran interés en la 

industria alimentaria. En este sentido, los productos lácteos elaborados a partir de leche 

de oveja, en especial el queso,  han ganado amplitud de mercado debido a la calidad y al 

valor nutricional de los mismos. Este alto valor nutricional es debido a las mayores 

concentraciones de proteína, grasa, vitaminas y minerales presentes en estos productos 

lácteos en comparación con los elaborados a partir de leche procedente de otros mamíferos 

(Balthazar et al., 2017) .  

En lo que respecta a los ácidos grasos saturados presentes en el queso, éstos han 

adquirido una connotación negativa por parte del consumidor por su relación con el 

desarrollo de algunas enfermedades, principalmente de tipo cardiovascular (Elwood et al., 

2010) . Sin embargo, el queso, también presenta compuestos que pueden mejorar la salud 

del consumidor, como es el caso del ácido linoleico conjugado (Diana et al., 2014 ; Koba y 

Yanagita, 2014; Tanaka, 2005) . Por consiguiente, el diseño de estrategias enfocadas a 

incrementar el contenido de estos compuestos bioactivos en el queso tiene un especial 

interés en el desarrollo de productos lácteos funcionales.  

 

1.2. Ácido lino leico conjugado  

 

1.2.1. Aspectos generales y biosíntesis  

El ácido linoleico conjugado ( conjugated linoleic acid; CLA) hace referencia a un 

grupo de isómeros posicionales y geométricos del ácido octadecadienoico con un sistema 

de dobles enlaces conjugados. Ha sido descrito que estos dobles enlaces pueden 

encontrarse entre las posiciones 6 -8 y 13 -15 con 4 isomerías geométricas ( cis-cis, cis-trans , 

trans -cis, trans -trans ) (Sehat et al., 1998) . La leche y los derivados lácteos son los que, de 
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forma natural, apo rtan a la dieta la mayor cantidad de CLA, y según la especie animal, se 

ha observado que la grasa de la leche de oveja presenta una mayor concentración de CLA 

que la de vaca o la de cabra (Park et al., 2007) . De todos los isómeros CLA presentes en la 

grasa  de la leche, el cis-9, trans -11 C 18:2 , también llamado ácido ruménico, es el más 

abundante ya que representa entre el 70 ð 90% del contenido total de CLA en la grasa 

láctea (Parodi, 1977) . En los rumiantes la biosíntesis del CLA, específicamente del isómer o 

cis-9, trans -11 C 18:2 , tiene lugar en el rumen (síntesis ruminal) y en la glándula mamaria 

(síntesis endógena) ( Figura 1 ). En el rumen, el CLA se produce como intermediario de la 

biohidrogenación incompleta de los ácidos grasos poliinsaturados, específica mente del 

§cido linoleico y del §cido Ȁ-linolénico, por acción de las enzimas de distintas bacterias 

anaerobias ruminales, siendo Butyrivibrio fibrisolvens  una de las bacterias más 

importantes implicadas en este mecanismo. En esta ruta biosintética, se pro duce en 

primer lugar la isomerización del doble enlace cis en posición 12 del sustrato (ácido 

linoleico o §cido Ȁ-linolénico), pasando a tener configuración trans  en el carbono 11. En la 

siguiente etapa, el doble enlace en posición cis-9 experimenta una hi drogenación, 

formándose el ácido vacénico. Si la biohidrogenación fuese completa, el producto final 

sería el ácido esteárico pero esta bioconversión se ve parcialmente impedida por la gran 

estabilidad del doble enlace en la posición trans -11 (Jenkins et al ., 2008; Kraft et al., 

2003) . Entre el 64 y 98% del ácido ruménico presente en la grasa láctea es generado en la 

glándula  mamaria por acci·n de la enzima Ǥ-9 desaturasa sobre el ácido vacénico (trans -

11 C 18:1 ), el cual se ha observado que es un intermediario producido en la 

biohidrogenación ruminal (Rodríguez -Castañedas et al., 2011) . Apenas existen estudios 

que detallen la biosíntesis de los otros  isómeros del CLA debido a que e stos no se 

encuentran en cantidades significativas en la grasa láctea y a que la funcionalidad de 

muchos de ellos aún no ha sido establecida (Gómez-Cortés, 2010) . 

Figura 1. Biosíntesis del ácido rumé nico ( cis-9, trans -11 C 18:2 ) en el rumen y en la glándula mamaria.   

Adaptada de Gómez -Cortés (2010) . 
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1.2.2. Efectos fisiológicos del CLA y concentración de este compuesto en  

leche y queso  

El CLA ha suscitado gran interés por sus potenciales efectos benefi ciosos sobre la 

salud, entre los cuales destacan los efectos anticarcinogénicos, antitrombogénicos, 

reducción de la aterosclerosis, estimulación de la mineralización ósea, modulación del 

sistema inmune, disminución de la resistencia a la insulina, reducció n de la glucosa en 

sangre y de la grasa corporal (Lehnen et al., 2015) . Se ha observado que la actividad 

biológica del CLA está relacionada en particular con dos isómeros: el cis-9, trans -11 C 18:2 y 

el trans -10, cis-12 C 18:2.  

El efecto fisiológico más estudi ado del CLA es su capacidad para modificar la 

composición corporal, promoviendo la reducción de los niveles de grasa corporal, como un 

agente antiobesidad (Churruca et al., 2009) . Los resultados iniciales fueron descritos en 

modelos animales (Botelho et al ., 2005, Kloss et al., 2005); ahora bien, investigaciones más 

recientes en humanos sugieren que el CLA puede actuar reduciendo la grasa corporal 

modulando el metabolismo lipídico. Los posibles mecanismos de acción implican cambios 

metabólicos hacia la redu cción de la lipogénesis y la mejora de la lipólisis (Martins et al., 

2015) .  

La información disponible sobre los niveles de CLA requeridos para lograr este 

efecto fisiológico es limitada. Se ha descrito que la reducción de la grasa corporal puede 

observars e cuando tiene lugar una ingesta de CLA entre 3 y 6 g al día (Iwata et al., 2007; 

Lehnen et al., 2015) . Curiosamente, la ingesta de CLA durante un periodo inferior a 4 

semanas en humanos no proporcionó efectos positivos en la reducción de grasa corporal 

(Pariza, 2009) . Sin embargo, en estudios de más de 6 meses de duración, se observó una 

mayor eficacia del CLA en la modulación de la grasa corporal (Dilzer y Park, 2012) . 

Otro beneficio potencial del CLA es el efecto antidiabético. Se habla de efecto 

potenci al porque sólo se han realizado estudios en animales, como por ejemplo, el llevado a 

cabo por Song et al. (2016)  en el que se administró a ratones con diabetes tipo II, una 

leche fermentada que contenía CLA (0, 01% o 0, 03%) durante 6 semanas. Como resultado  

de este experimento se observó que los niveles de glucosa en sangre en ayunas, insulina 

sérica y leptina disminuyeron significativamente en los ratones alimentados con la leche 

fermentada que contenía la mayor concentración de CLA en comparación con los r atones 

que recibieron placebo. Por consiguiente, estos resultados sugieren el posible desarrollo de 

productos lácteos con CLA como alimentos funcionales para contribuir al tratamiento de la 

diabetes mellitus tipo II (Song et al., 2016) . Aun así , es conveni ente indicar que sería 

necesario llevar a cabo estudios en humanos en relación con los posibles efectos 

antidiabéticos de este ácido graso bioactivo.  

La capacidad anticarcinógena del CLA ha sido observada en modelos animales con 

tumores de mama inducidos q uímicamente, cuando se les administraba dosis de CLA 

entre el 0,5% y el 1% (Ip et al., 1994) . En consecuencia, se ha tratado de conocer este 

efecto fisiológico en humanos a través de estudios epidemiológicos pero no ha sido posible 

extraer conclusiones cla ras sobre el efecto preventivo del CLA sobre el cáncer. A pesar de 

estas limitaciones, Pariza (2004)  indicó que una persona de 70 kg tendría que consumir 3 

g de CLA al día para conseguir los efectos beneficiosos que ejerce el CLA en la inhibición de 

la car cinogénesis mamaria. En cambio, Mohan et al. (2013)  señalaron que una 

concentración inferior de CLA (0,42 g de CLA al día) a la recomendada por Pariza (2004) 
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podría ser la dosis efectiva para alcanzar los efectos anticarcinogénicos descritos en 

humanos.  

Cabe destacar que el contenido en CLA en leche y queso varía entre un 0,10% y un 

2,86% de los ácidos grasos totales ( Tabla 1 ). Lo que quiere decir que la ingesta estimada 

actual de CLA en personas a partir de las fuentes alimentarias es insuficiente para ob tener 

los efectos potenciales contra el cáncer, la aterosclerosis y la obesidad observados en los 

estudios in vivo (Watkins y Li, 2003) . Por este motivo, se están realizando estudios para 

incrementar la concentración de CLA en la leche y en los productos l ácteos, ya que sin 

duda puede repercutir de forma favorable en su calidad nutricional y por lo tanto en el 

valor añadido de los alimentos que lo contengan.  

 

Tabla 1 . Contenido total de ácido linoleico conjugado (g CLA/100 g ácidos grasos totales) en leche y 
queso.  

Alimento  
Intervalo de variación  Referencia  
Mínimo  Máximo  

Leche de vaca entera  0,41  0,93  Ruiz et al., 2016  

Leche de oveja entera  0,79  2,00  
De La Fuente et al., 2009; Tsiplakou 
et al., 2006  

Leche de cabra entera  0,40  0,62  
Cossignani et al., 2 014; Tsiplakou et 
al., 2006  

Queso de vaca  0,10  1,30  El -Salam and El -Shibiny, 2014  
Queso de oveja  0,38  2,86  El -Salam and El -Shibiny, 2014  
Queso de cabra  0,20  0,84  El -Salam and El -Shibiny, 2014  

 

 

1.2.3. Estrategias para incrementar el contenido en CLA de  la leche y del 

queso  

 1.2.3.1. Producción animal  

Con el fin de modificar la composición en ácidos grasos de la leche de oveja para 

mejorar el perfil nutricional del queso, fundamentalmente a través del incremento de 

los niveles de CLA, es necesario conoce r los diferentes factores que afectan al perfil 

lipídico de la misma. De todos ellos, el factor que más influencia tiene sobre el 

contenido en CLA de la leche es el tipo de alimentación proporcionada a los animales. 

En los últimos años se han llevado a cab o numerosas investigaciones para estudiar 

dicho efecto (Chilliard et al., 2007; Herv§s et al., 2008; Kalaľ y Samkov§, 2010; Stanton 

et al., 2003) . La clave para incrementar la concentración de CLA en la leche se 

encuentra en el aumento de la producción de ácido vacénico en el rumen, permitiendo 

de esta manera la síntesis endógena de CLA en la glándula mamaria. El incremento de 

la producción ruminal de ácido vacénico puede ser logrado de dos maneras: mediante 

el aumento del suministro de ácidos grasos poliinsaturados precursores, como es el 

caso del §cido Ȁ-lino lénico, y por inhibición de la reducción del ácido vacénico en ácido 

esteárico, siendo la primera vía la más fácil de llevar a cabo (Lock y Bauman, 2004) . 

Se ha observado que la leche obtenida de animales alimentados a base de pasto 

fresco presenta mayor c oncentración de CLA que aquella obtenida de animales 

estabulados alimentados a base de ensilados o con dietas a base de concentrados (van 

Wijlen y Colombani, 2010) . El uso incrementado en la alimentación de ensilados y 

concentrados, así como el abandono de  la estacionalidad a favor de los sistemas de 

producción continua, son factores que afectan a la calidad del perfil lipídico de la leche 
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de oveja (Pellattiero et al., 2015) . En la región Mediterránea la mayoría de los sistemas 

de producción de ovino son se miextensivos, lo que significa que el pasto fresco juega 

un papel importante en la alimentación de los animales, el cual presenta un bajo 

contenido lipídico pero aproximadamente un 63% de e ste está constituido por ácidos 

grasos precursores del CLA  (Cabiddu  et al., 2005) . De los anteriores planteamientos se 

deduce que el aumento del tiempo de pastoreo de los rumiantes puede ser una de las 

formas más importantes para incrementar la concentración de CLA en la leche 

(Tsiplakou et al., 2008) . Así mismo, se ha ob servado que la concentración de este ácido 

graso en el pasto se ve principalmente afectada por la etapa fenológica en la que se 

encuentran las plantas que lo componen. En este sentido, se ha visto que en la etapa 

vegetativa presentan mayor concentración de  §cido Ȁ-linolénico que en la etapa 

reproductiva. Esto puede explicar que, de manera general, los mayores niveles de este 

ácido graso se observen en pastos primaverales y, por consiguiente, que los rumiantes 

alimentados con ellos produzcan una leche con ma yor concentración de CLA durante 

esta época del año que en cualquier otra (Rodríguez -Castañedas, 2012) . 

De La Fuente et al. (2009)  han señalado que hay otros factores que también 

afectan en menor medida al perfil lipídico de la leche de ovino, tales como e l rebaño, la 

edad, la etapa de lactación y el día de muestreo. A su vez, también hay diversos 

trabajos que han tratado de estudiar el efecto que ejerce la raza sobre el contenido en 

CLA de la leche. Tsiplakou et al. (2008)  estudiaron el efecto de diferente s razas de 

ovino, bajo el mismo sistema de manejo y alimentación, sobre el contenido en ácidos 

grasos de la leche, concluyendo que la interacción entre la raza y la dieta tuvo un efecto 

significativo sobre la mayoría de los ácidos grasos, pero que la raza por sí misma no 

tuvo un efecto significativo sobre el contenido en CLA. Signorelli et al. (2008)  en un 

estudio llevado a cabo para promover ciertas razas de ovino autóctonas, observaron 

diferencias significativas en el perfil lipídico de la leche de las di ferentes razas 

estudiadas. Como puede deducirse de los resultados de estos trabajos de investigación, 

en este ámbito de estudio hay cierta controversia. Este hecho puede deberse a que 

como Lock y Bauman (2004)  señalaron, estos trabajos a menudo incluían po cos 

animales en su estudio o no separaban bien el efecto que tiene la alimentación animal, 

haciendo necesario llevar a cabo más estudios para poder establecer si realmente la 

raza es un factor que puede condicionar el contenido en CLA de la leche.  

La gran cantidad de investigaciones llevadas a cabo para estudiar los diferentes 

factores del sistema de manejo de los animales que puedan mejorar el perfil de ácidos 

grasos de la leche pone de manifiesto que las estrategias para mejorar el perfil lipídico 

de los productos lácteos deben comenzar desde el proceso de producción de la materia 

prima. Sin embargo, también resulta posible modificar el perfil de ácidos grasos de los 

quesos actuando sobre el propio proceso de elaboración, tal y como se describe a 

continuac ión.  
 

1.2.3. 2. Tecnología de la elaboración: cultivos iniciadores o adjuntos  

Según lo descrito en mayor detalle en el apartado anterior, las bacterias 

presentes en el rumen son las principales responsables de la síntesis de ácido 

ruménico y de ácido vacéni co a partir del §cido linoleico y Ȁ-linolénico procedentes de 

la alimentación animal. Este hecho ha llevado a varios investigadores a plantearse si 
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otras bacterias frecuentemente utilizadas en la elaboración de productos lácteos 

fermentados, tales como las  bacterias ácido lácticas o las bifidobacterias, serían 

capaces de sintetizar CLA a partir de ácidos grasos poliinsaturados como sustrato y de 

esta forma incrementar la concentración de este compuesto bioactivo en diversos 

productos lácteos (Gorissen et al ., 2010; Nieuwenhove et al., 2007; Rodríguez -Alcalá et 

al., 2011; Terán et al., 2015) .  

En lo referente a la biosíntesis del CLA a partir del ácido linoleico por las 

bacterias ácido lácticas, se ha observado que puede tener lugar aparentemente a partir 

de dos rutas metabólicas distintas: isomerización directa del ácido linoleico o vía ácido 

10 -hidroxi -octadecenoico ( Figura 2 ). 

En esta última ruta metabólica, tiene lugar una hidratación del ácido linoleico 

dando lugar a 10 -hidroxi -cis-12 -C18:1  en equilibrio con 10 -hidroxi -trans -12 -C18:1  

seguida de una deshidratación e isomerización de estos ácidos grasos hidróxidos a CLA 

(cis-9, trans -11 C 18:2 en equilibrio con trans -9, trans -11 C 18:2 ) (Andrade et al., 2012) . Cabe 

destacar, que estas rutas metabólicas sólo son posibles si en los microorganismos se 

encuentra presente la linoleato isomerasa, la cual ha sido descrita por Ogawa et al. 

(2005)  como un complejo enzimático constituido por tres enzimas que requieren 

cofactores redox como el NADH y o el FAD y que, a su ve z, es dependiente de la cepa.  

En este contexto, varios estudios han demostrado que diversas cepas 

principalmente pertenecientes a las especies Bifidobacterium , Lactobacillus , Lactococcus  

y Propionibacterium  pueden transformar eficientemente el ácido linole ico en CLA en 

ensayos realizados en medio de cultivo o leche desnatada a los que se les añadió ácido 

linoleico como sustrato ( Tabla 2 ).  

 

 

Figura 2.  Rutas metabólicas propuestas en los microorganismos con respecto a la síntesis del 
ácido linoleico conjuga do a partir del ácido linoleico. A: isomerización directa; B: vía ácido 10 -
hidroxi -octadecenoico. Adaptado de Ogawa et al. (2005) . 
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Tabla 2.  Producción de ácido linoleico conjugado (CLA; mg/L) por diversas cepas de microorganismos.  

1MRS: De Man, Rogosa and Sharpe; LD: leche desnatada.  
2LA: ácido linoleico.  

 

 

Este hecho ha dado lugar a nuevas líneas de investigación encaminadas a 

aumentar el contenido en CLA de los quesos mediante el uso de cultivos 

iniciadores o adjuntos capaces de sintetizar el CLA in vitro . Por ejemplo, el empleo 

de bacterias ácido lácticas autóctonas en la elaboración de queso de cabra o vaca 

dio lugar a unos resultados prometedores en relaci ón con el incremento del 

contenido en CLA en estos quesos (Mohan et al., 2013; Taboada et al., 2015) . No 

Cepa Medio 1 Sustrato 2 CLA total  Referencia  

     
Bifidobacterium      
B. breve  WC0420  

MRS LA (0,5g/L)  
132  

Raimondi et al. (2016)  
B. breve  WC0421  881  
B. animalis  BLC 

MRS/LD  LA (1g/L)  
7/48  Rodríguez -Alcalá et al. 

(2011)  B. animalis  Bb12  7/42  
B. bifidum  LMG10645  

 
MRS 

 
LA (0,5g/L)  

207  
 
Gorissen et al. (2010)  

B. breve  LMG11080  272  
B. breve  LMG11613  99 
B. bifidum  NCFB795  

 
MRS 

 
LA (0,5g/L)  

1 
 
Coakley et al. (2003)  

B. breve  NCFB2258  398  
B. breve  NCIMB8807  128  
     
Lactobacillus      
L. acidophilus  CRL44  

MRS LA (0,3g/L)  

112  

Terán et al. (Terán et 
al., 2015)  

L. acidophilus  CRL1063  44 

L. curvatus  CRL1629  364  
L. plantarum  CRL100  84 
L. plantarum CRL1935  350  
L. sakei CRL1470  488  

L. acidophilus  Ki  MRS LA (1g/L)  9 
Rodríguez -Alcalá et al. 
(2011)  

L. plantarum ATCC8014  
MRS LA (0,5g/L)  

23 
Gorissen et al. (2011)  

L. sakei LMG13558  21 
     
Lactococcus      
Lc. lactis biovar  diacetylactis 
CRL967  

MRS LA (0,3g/L)  
50 

Terán et al. (Terán et 
al., 2015)  Lc. lactis biovar diacetylactis 

CRL1061  
98 

Lc. lactis LMG S 19870  MRS/LD  LA (1g/L)  7/46  
Rodríguez -Alcalá et al. 
(2011)  

Lc. lactis spp. cremoris 
CCRC12586  

LD LA (1g/L)  
63 

Lin et al. (1999)  
 Lc. lactis spp.  lactis 

CCRC10791  
78 

     
Propionibacterium      
Prop. freudenreichii spp. 
shermanii JS  

 
MRS 

 
LA (0,5g/L)  

49 
 
 
Hennesy et al. (2012)  

Prop. freudenreichii spp.  
shermanii 9093  

259  

Prop. freudenreichii spp.  
freudenreichii ATCC6207  

8 

Prop. freudenreichii spp.  
shermanii B6022  

 
MRS 

 
LA (1g/L)  

163  
 
 
Das et al. (2005)  

Prop. freudenreichii spp.  
shermanii B6026  

190  

Prop. freudenreichii spp.  
shermanii B6028  

190  
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obstante, es importante indicar que sería necesario realizar más estudios al 

respecto ya que la información disponible es limitada.  

Atendiendo a lo ant eriormente descrito, el diseño de cultivos productores de 

CLA con aplicación en la fabricación de queso podría fomentar la diversidad de 

cultivos disponibles para la industria láctea así como el posible desarrollo de 

productos lácteos funcionales. Además, las cepas que forman parte de estos 

cultivos también pueden sintetizar otros compuestos, aparte del CLA, de gran 

interés desde el punto de vista de la salud humana. La revisión realizada acerca 

de estos aspectos ha sido publicada y se presenta a continuaci ón con el mismo 

contenido que el artículo.  

 

1.3. Lactic acid bacteria and bifidobacteria with potential to design natural 

biofunctional health -promoting dairy foods  

 

Daniel M. Linares 1,2 , Carolina Gómez 1, Erica Renes 3, José María Fresno 3, María Eugenia 

Tornadijo 3, R. Paul Ross 2, Catherine Stanton 1,2  

 

1Teagasc Food Research Centre, Moorepark, Ireland. 2APC Microbiome Institute, University 

College Cork, Ireland. 3Department of Food Hygiene and Technology, University of León, 

Spain  

 

Frontiers in Microbiology, 2017, 8, 1 -11 

 

Abstract  

Consumer interest in healthy lifestyle and health -promoting natural products is a 

major driving force for the increasing global demand of biofunctional dairy foods. A 

number of commercial sources sell synthetic formulations of bioac tive substances for use 

as dietary supplements. However, the bioactive -enrichment of health -oriented foods by 

naturally occurring microorganisms during dairy fermentation is in increased demand. 

While participating in milk fermentation, lactic acid bacteri a can be exploited in situ  as 

microbial sources for naturally enriching dairy products with a broad range of bioactive 

components that may cover different health aspects. Several of these bioactive metabolites 

are industrially and economically important, a s they are claimed to exert diverse health -

promoting activities on the consumer, such as anti -hypertensive, anti -inflammatory, and 

anti -diabetic, anti -oxidative, immune -modulatory, anti -cholesterolemic, or microbiome 

modulation. This review aims at discuss ing the potential of these health -supporting 

bacteria as starter or adjunct cultures for the elaboration of dairy foods with a broad 

spectrum of new functional properties and added value.  

 

Keywords : lactic acid bacteria, bifidobacteria, health, bioactive, probiotic, biofunctional 

food.  

 

Biofunctional foods  

Today foods are not intended to only satisfy hunger and to provide necessary 

nutrients for humans, but also to prevent nutrition -related diseases and improve 
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consumersõ health (Gortzi et al., 2015; Siró e t al., 2008) . Increasing consumer demand and 

interest in obtaining additional benefits from food has stimulated functional foods to 

emerge on the market, with USA, Europe, and Japan being the dominant markets.  

Although there is no unitary accepted definiti on, functional foods can be described 

as an ordinary food that has components or ingredients added to provide a specific health 

benefit, other than a purely nutritional effect. Ideally, functional food refers to an existing 

traditional food product that is  intended to be consumed as part of a normal diet and has 

a demonstrated added physiological benefit (Siró et al., 2008) . Therefore, it could not be in 

the form of pill or capsule. The concept of biofunctional foods is generally used when this 

desirable bi ological, medical, or physiological effect is exerted by microorganisms (Gobbetti 

et al., 2010) . The health benefits of these microorganisms can be exerted either directly 

through the interactions of ingested live microorganisms with the host (probiotic ef fect), or 

indirectly by ingestion of the microbial metabolites synthesized during fermentation 

(bioactive effect) (Gobbetti et al., 2010; Joshi, 2015; Stanton et al., 2005) . 

 

Probiotic foods  

 Lactic acid bacteria (LAB) have been used to ferment foods for a t least 4000 years 

(Rotar et al., 2007) . Although the probiotic concept has expanded more recently, we have 

been unconsciously ingesting beneficial microbes with traditional fermented foods since 

ancient times. Fermented foods are the main carriers to deli ver probiotics ( Figure 3 ). 

Among them, dairy products (in particular fermented milks and yogurt) are by far the most 

efficient and widely used (Giraffa, 2012) . Cheese is a dairy product which has a good 

potential for the incorporation of probiotic cultures  due to its specific chemical and 

physical characteristics compared to fermented milks (higher pH value and lower titrable 

acidity, higher buffering capacity, greater fat content, higher nutrient availability, lower 

oxygen content, and denser texture). The se conditions facilitate survivability of probiotic 

strains and tolerance to the low pH conditions encountered during gastric transit (Karimi 

et al., 2011) . Utilization of probiotics has been optimized in several cheese varieties such 

as Cheddar, Gouda, Ca membert, Cottage type, white -brined, and traditional cheeses, 

among others (Araujo et al., 2012; Giraffa, 2012; Martinovic et al., 2016; Oh et al., 2016) . 

Kefir is another milk -fermented product that has health promoting bacteria (Prado et al., 

2015) . Othe r non -fermented dairy foods such as low -fat ice cream, chocolate mousse, 

coconut flan, or infant milk formula have also been supplemented with probiotic strains 

(Aragon -Alegro et al., 2007; Baglatzi et al., 2016; Corrêa et al., 2008; Davidson et al., 

2000) . 

Probiotic microorganisms are generally LAB belonging to the species Lactobacillus 

acidophilus , L. gasseri , L. helveticus , L. johnsonii , L. (para) casei , L. reuteri , L. plantarum , L. 

rhamnosus , and L. fermentum , while members of the genus Bifidobacterium  are also used, 

e.g., Bifidobacterium bifidum , B. longum , B. animalis , and B. breve  (Castro et al., 2015; 

Linares et al., 2016b; Tamime et al., 2005) . On the basis of the currently available 

literature, probiotics can balance intestinal microbiota, and ther eby regulate proper 

intestinal function and be effective in the prevention or treatment of several 

gastrointestinal disorders such as infectious diarrhea, antibiotic -related diarrhea, irritable 

bowel syndrome or Crohnõs disease (Vanderhoof and Young, 1998) . Other examples of 

health benefits promoted by probiotics supplied via dairy products are 
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inmmunomodulatory effects ( L. casei  CRL431), reduction of serum cholesterol level ( L. 

reuteri  NCIMB 30242) and antihypertensive effects ( L. plantarum TENSIATM) (Aragón et al., 

2014; EFSA, 2011; Jones et al., 2012) . 

 

Figure 3 . Beneþcial effects resulting from the consumption of biofunctional fermented dairy foods. 
Lactic acid bacteria participating in milk fermentation in situ  release and naturally enrich the 
fermente d dairy product with a broad range of bioactive metabolites. Subsequent ingestion of this 
product can e xert important health -promoting activities on the consumer , such as anti -hypertensive, 
and ant i-diabetic, immune -modulatory,  anti -cholesterole mic or micr obiome modulation.  

 

Probiotics are defined as ôlive micro-organisms, which when consumed in adequate 

amounts confer a health benefit on the hostõ (FAO/WHO, 2001) . However, regarding 

probiotic foods, some considerations are of paramount importance. Firstly,  effective levels 

of the live probiotic in the corresponding food matrix at the time of ingestion are required. 

In this regard, the minimum effective dose which affects the intestinal environment and 

provides beneficial effects on human health is considere d to be 10 6ð10 9 live microbial cells 

per day, although this depends on the particular strain and foodstuff (Karimi et al., 2012; 

Watson and Preedy, 2015; Williams, 2010) . Since probiotics show beneficial health effects 

on the host once consumed, another pr econdition for a bacterial strain to be called 

probiotic is the ability to survive and colonize (at least transiently) the gastrointestinal tract 

(GIT), which is in part helped by the buffering capacity of the food matrix. In some 

particular cases, bacteri al viability may not be strictly required. As an example, inactivated 

and dead L. rhamnosus  GG cells can maintain immunological and health -promoting effects 

(Ghadimi et al., 2008; Lopez et al., 2008) . 

 

Bioactive compounds derived from microbes  

Microorganis ms involved in dairy fermentations can produce biologically active 

molecules and enzymes, giving the final food product an additional health value. Unlike 
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the probiotic concept (the bacteria must be ingested alive and produce the beneficial 

metabolite in t he body), the biofunctional concept is generally used when the healthy 

metabolite emerge in the food product itself during the fermentation process as a 

consequence of the bacterial metabolic activity. Consequently, the bacteria can act as a 

microbial fact ory to enrich foodstuff, for which bacterial viability through the GIT or during 

the product storage is not absolutely required (Farnworth and Champagne, 2015) . The 

main bioactive compounds produced by LAB during dairy fermentation are vitamins, 

gamma -amin obutyric acid, bioactive peptides, bacteriocins, enzymes, conjugated linoleic 

acid, and exopolysaccharides ( Table 3 ). 

 

Vitamins  

 There are 13 vitamins that must be obtained exogenously due to the inability of 

humans to synthesize them; thereby they are ess ential nutrients in the human diet, and 

although in small amounts, a daily requirement is necessary to prevent deficiencies. 

Although most vitamins are present in a variety of foods, human vitamin deficiencies still 

occur in many countries, mainly because of malnutrition, not only as a result of 

insufficient food intake but also because of unbalanced diets (LeBlanc et al., 2002) . 

Although milk contains many vitamins fermentation by LAB and bifidobacteria 

constitute an effective way to increase vitamin level s in milk (Laiño et al., 2013) . Some 

bacterial strains included in the genera Lactobacillus  and Bifidobacterium  can provide an 

additional source of B vitamins (thiamine, riboflavin, cobalamin, folate, and biotin) during 

dairy fermentation. Deficiencies in riboflavin (vitamin B2) or thiamine (vitamin B1) can lead 

to both liver and skin disorders and alterations in brain glucose metabolism, respectively 

(Russo et al., 2014) . In this regard, L. casei  KNE-1 has been shown to produce thiamine 

and riboflavin in f ermented milk drinks (Drywien et al., 2015) . B. infantis  CCRC14633 and 

B. longum  B6 strains have been reported to produce riboflavin and thiamine during 

soymilk fermentation (Tamime, 2006) . It was recently indicated that soymilk fermented by 

the riboflavin -producing strain L. plantarum  CRL2130 was able to prevent ariboflavinosis 

and experimental colitis in a murine model (Juarez del Valle et al., 2016; Levit et al., 

2016) . Some propionibacteria can produce cobalamin, folic acid, and biotin (Hugenholtz et 

al ., 2002) .  

Folate (vitamin B9) is involved in several vital processes and its deficiency is 

generally linked to neural tube defects, certain forms of cancer, poor cognitive performance 

and coronary heart diseases. Even though vitamins are widely present in  foods, the 

prevalence of folate deficiency -especially among women of child bearing age - is a growing 

concern and thereby folate fortification programs have been implemented in various 

countries (Divya and Nampoothiri, 2015) . Rather than incorporating syn thetic folate, foods 

can be naturally fortified with folate synthesized by LAB and bifidobacteria during 

manufacture of fermented foods (Lin and Young, 2000; Saubade et al., 2017) . The strains 

Streptococcus thermophilus  CRL803/CRL415 and L. bulgaricus  CRL871 were reported to be 

suitable for the elaboration of yogurt naturally bio -enriched in this vitamin (Laiño et al., 

2013) . High folate concentration (up to 150 mg/l) can be reached in yogurt as a result of 

the ability of S. thermophilus  to produce this vit amin (Hugenholtz et al., 2002) .  
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Table 3.  Some strains of lactic acid bacteria, bifidobacteria and propionibacteria with potential to biosynthesize health -promoting compounds in fermented 
dairy products.  

Bioactive  Producer strain  Food product  Health eff ect  Reference  

     

Thiamine/Riboflavin  Lactobacillus casei KNE -1 Fermented milk  Vitamin enrichment  Drywlen et al. (2015)  

 Bifidobacterium infantis  CCRC14633  Fermented soymilk  Vitamin enrichment  Tamine (2006)  

 Bifidobacterium longum B6 Fermented soymil k  Vitamin enrichment  Tamine (2006)  

 Lactobacillus plantarum CRL 2130  Fermented soymilk  Vitamin enrichment  Levit et al. (2016)  

     

Biotin  Lactobacillus helveticus MTCC5463  Fermented milk  Vitamin enrichment  Patel et al. (2013)  

     

Cobalamin  Propionib acterium freudenreichii  Kefir  Vitamin enrichment  Van Wyk et al. (2011)  

 Bifidobacterium animalis Bb12  Fermented milk  Vitamin enrichment  Patel et al. (2013)  

 Lactobacillus reuteri ZJ03  Soy-yogurt  Vitamin enrichment  Gu et al. (2015)  

Folic acid  Streptococcus thermophilus CRL803  Yogurt  Vitamin enrichment  Laiño et al. (2014)  

 Lactobacillus bulgaricus CRL871  Fermented milk  Vitamin enrichment  Laiño et al. (2014)  

 Bifidobacterium lactis CSCC5127  Fermented milk  Vitamin enrichment  Crittenden et al. (2003)  

 Bifi dobacterium infantis  CSCC5187  Fermented milk  Vitamin enrichment  Crittenden et al. (2003)  

 Bifidobacterium breve CSCC5181  Fermented milk  Vitamin enrichment  Crittenden et al. (2003)  

 Lactobacillus amylovorus CRL887  Fermented milk  Vitamin enrichment  Laiño et al. (2014)  

     

GABA Lactobacillus casei Shirota  Fermented milk  Antidiabetic, blood pressure  Inoue et al. (2003)  

 Streptococcus salivarus fmb5  Fermented milk  Antidiabetic, blood pressure  Chen et al. (2016)  

 Lactobacillus plantarum NDC75017  Fermented  milk  Antidiabetic, blood pressure  Shan et al. (2015)  

 Lactobacillus brevis OPY-1 Fermented soymilk  Antidiabetic, blood pressure  Park and Oh (2007)  

 Streptococcus thermophilus  APC151  Yogurt  Antidiabetic, blood pressure  Linares et al. (2016a)  

     

Bioac tive peptides  Lactobacillus helveticus Evolus R Fermented milk  Anti -hypertensive  EFSA (2008)  

 Lactobacillus helveticus Calpis TM Fermented milk  Anti -hypertensive  
Dzulba and Dziuba 

(2014)  

 Lactobacillus bulgaricus LB340  Fermented milk/Yogurt  Anti -hypertensi ve Qian et al. (2011)  
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Table 3 (continuation).  Some strains of lactic acid bacteria, bifidobacteria and propionibacteria with potential to biosynthesize health -promoting compounds in 
fermented dairy products.  

Bioactive  Producer strain  Food product  Health effect  Reference  

     

Bactericins  Lactococcus lactis CNZR150/TAB50  Camembert cheese  Pathogen inhibition  Arques et al. (2015)  

 Lactococcus lactis DPC3147  Cheddar cheese  Pathogen inhibition  Ross et al. (1999)  

 Lactobacillus acidophilus  CH5  Yogurt  Pathoge n inhibition  Ahmed et al. (2010)  

 Pediococcus acidilactici  CHOOZIT TM Cheddar cheese  Pathogen inhibition  Arques et al. (2015)  

 Lactobacillus plantarum WHE92  Munster cheese  Pathogen inhibition  Arques et al. (2015)  

     

CLA  Lactococcus lactis Cl4b  Cheedar  cheese Cholesterol lowering  Mohan et al. (2013)  

 Lactobacillus rhamnosus C14  

Buffalo cheese  Cholesterol lowering  
Van Niewenhove et al. 

(2007a)  

 Lactobacillus casei CRL431  

 Streptococcus thermophilus CRL728  

 Bifidobacterium bifidum CRL1399  

 Lactococcus lactis LMG  

Fermented buffalo milk  Cholesterol lowering  
Van Niewenhove et al. 

(2007b)  

 Lactobacillus acidophilus Lac1  

 Lactobacillus plantarum -2 

 Bifidobacterium animalis  Bb12  

 Lactobacillus bulgaricus  LB430  Yogurt  Cholesterol loweri ng 
Sosa-Castañeda et al. 

(2015)  

     

Exopolysaccarides  Lactobacillus bulgaricus  OLL1073R -1 Yogurt  Immunostimulatory  Makino et al. (2016)  

 Lactobacillus mucosae DPC6426  Yogurt/Cheddar cheese  Hypocholesterolemic  Ryan et al. (2015)  

 Propionibacterium freu denreichii  KG15  Turkish cheese  Microbiota modulation  
Darilmaz and Gumustekin 

(2012)  

 Lactococcus lactis  SMQ-461  Cheddar cheese  Microbiota modulation  Dabour et al. (2005)  

 Lactobacillus plantarum  YW11 Kefir  Microbiota modulation  Wang et al. (2015)  

 Bifid obacterium longum CCUG52486  Yogurt  Immune modulation  Prassanas et al. (2013)  

 Streptococcus thermophilus  zwTM11  Yogurt  Microbiota modulation  Han et al. (2016)  

 Streptococcus thermophilus  FD-DVSST  Fermented ice -cream  Microbiota modulation  Dertli et al. (2016)  
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Among bifidobacteria, B. catenulatum  ATCC 27539 was shown to produce high 

levels of folate in vitro (DõAimmo et al., 2012), and B. lactis  CSCC5127, B. infantis  

CSCC5187, and B. breve  CSCC5181 strains increased folate concentration during 

fermentatio n of reconstituted skim milk (Crittenden et al., 2003) . Similarly, L. amylovorus  

CRL887 can be used for natural folate bio -enrichment of fermented milk (Laiño et al., 

2014) . 

The deficiency of cobalamin (vitamin B12) can be common, particularly in 

vegetaria ns who avoid ingestion of animal protein and use soymilk as an alternative to 

dairy milk (Gu et al., 2015) . Animals, plants and fungi are incapable of producing this 

vitamin, and hence, it is exclusively produced by microorganisms (LeBlanc et al., 2011) . I t 

has been demonstrated that cobalamin can be synthesized by some bacteria such as L. 

reuteri  ZJ03, Propionibacterium freudenreichii , B. animalis  Bb12 in soy -yogurt, kefir and 

fermented milk, respectively (Gu et al., 2015; Moslemi et al., 2016; Patel et al ., 2013; Van 

Wyk et al., 2011) .  

Microorganisms can biosynthesize two different isoforms, the vitamin and the 

pseudovitamin. For example, in a recent work, the production of vitamin and 

pseudovitamin B12 by P. freudenreichii  was quantified specifically and  shows that at the 

initial phase of the fermentation both isoforms are biosynthesized at similar levels; 

however, by the end of the fermentation the pseudovitamin is not detected, most likely 

because it is converted to the vitamin form (Deptula et al., 201 7). It seems crucial to 

differentiate between the two isoforms of this vitamin, as the transporter protein in the 

human GIT has very low affinity for the pseudovitamin, making it un -available to humans 

(Varmanen et al., 2016) . 

Biotin (vitamin B7) deficienc y can be caused by inadequate dietary intake or some 

inborn genetic disorders that affect its metabolism. Subclinical deficiency can cause mild 

symptoms, such as hair thinning or skin rash typically on the face. Biotin can be 

synthesized by some LAB in dai ry products, e.g., L. helveticus  MTCC 5463 increased biotin 

content in fermented milks (Patel et al., 2013) . Some propionibacteria can also produce 

biotin (Hugenholtz et al., 2002) . 

Vitamin K is an important promoter of bone and cardiovascular health. It h as been 

associated with the inhibition of arterial calcification and stiffening, and the reduction of 

vascular risk. This vitamin is nearly non -existent in junk food; with little being consumed 

even in a healthy Western diet (Maresz, 2015) . Its deficiency has been implicated in several 

clinical ailments such as intracranial hemorrhage in newborn infants and possible bone 

fracture resulting from osteoporosis (LeBlanc et al., 2011) . Vitamin K occurs in two forms: 

firstly, phylloquinone (vitamin K1), which is present in green plants, and secondly, 

menaquinone (vitamin K2), which is produced by some intestinal bacteria (LeBlanc et al., 

2011) . Menaquinone can be biosynthesized by some LAB species (mainly Lactococcus 

lactis ) commonly used in industrial fermentatio n of cheese, buttermilk, sour cream, cottage 

cheese, and kefir (Walther et al., 2013) . Other LAB have been screened for the ability to 

produce menaquinone; these included strains from the genera Lactococcus , 

Bifidobacterium , Leuconostoc , and Streptococcus  (Morishita et al., 1999) . Although the MK 

forms are ubiquitous in bacteria, it should be noted that some genera such as 

Lactobacillus  have lost the functional ability to produce them (Lechardeur et al., 2011; 

Walther et al., 2013) . 
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Gamma -aminobutyric acid  

 Gamma -aminobutyric acid (GABA) is the main inhibitory neurotransmitter of the 

central nervous system (CNS). Several important physiological functions of GABA have 

been characterized, such as neurotransmission, induction of hypotension, diuretic effects, 

antidiabetic, relaxing and tranquilizer effects (Inoue et al., 2003; Marques et al., 2016) . In 

fact, some GABA A-receptor agonist drugs (e.g., benzodiazepines) are important 

pharmacological agents used for clinical treatment of anxiety (Foster and Kemp, 2006 ). 

Gamma -aminobutyric acid is biosynthesized through Ȁ-decarboxylation of 

glutamate, an enzymatic conversion which is catalyzed by glutamate decarboxylase (GAD) 

(Tajabadi et al., 2015) . Several food -grade LAB have been reported to exhibit GABA -

producing abili ty. Among them, most of the GABA -producing strains are lactobacilli ( L. 

brevis , L. paracasei , L. delbrueckii , L. buchneri , L. plantarum , L. helveticus ), Streptococcus 

thermophilus , and Lactococcus lactis  (Dhakal et al., 2012; Li and Cao, 2010) . Some, 

Bifid obacterium  spp. were also reported to produce GABA, although with lower capacity 

than LAB (Barrett et al., 2012; Park et al., 2005) . 

Some fermented dairy products enriched in GABA using GABA -producing LAB as 

starters have been developed. The strains L. casei Shirota, S. salivarius  fmb5 and L. 

plantarum  NDC75017 were utilized to ferment and enrich milk in GABA (Chen et al., 2016; 

Inoue et al., 2003; Shan et al., 2015) . More recently, yogurt enriched with 2 mg GABA/ml 

was produced using the strain S. thermoph ilus  APC151 (Linares et al., 2017, 2016a) . Also, 

fermented soya milk (using L. brevis  OPY-1 as source of GABA) (Park and Oh, 2007) , or 

cheese (Lactococcus lactis  as source of GABA) (Nomura et al., 1998; Pouliot -Mathieu et al., 

2013)  have been produced. Thu s, GABA has potential as a health -promoting bioactive 

component in foods (Li and Cao, 2010) . 

 

Bioactive peptides  

 During milk fermentation, LAB, making use of their proteolytic system can 

transform milk proteins into biologically active peptides. These pep tides can exert a wide 

range of effects, such as antimicrobial, antihypertensive, antithrombotic, 

immunomodulatory, and antioxidative (LeBlanc et al., 2002; Nongonierma and FitzGerald, 

2015) . The most studied mechanism of bioactive peptides is the antihype rtensive action 

displayed by the inhibition of the angiotensin -I-convertingenzyme (ACE; peptidyldipeptide 

hydrolase, EC 3.4.15.1) which regulates blood pressure (Fernández et al., 2015) . ACE 

inhibitory peptides have been isolated from a variety of fermente d dairy products including 

cheese, fermented milks and yogurt (Fitzgerald and Murray, 2006; Pritchard et al., 2010) . 

The best known ACE -inhibitory biopeptides, Val -Pro-Pro (VPP) and Ile -Pro-Pro (IPP), have 

been identified in milk fermented by L. helveticus  (Slattery et al., 2010) . In addition, other 

dairy startercultures industrially used in the manufacture of fermented dairy products 

(e.g., L. helveticus , L. delbrueckii  ssp. bulgaricus , L. plantarum , L. rhamnosus , L. 

acidophilus , Lactococcus lactis,  or S. thermophilus ) can generate bioactive peptides (Hafeez 

et al., 2014; Hajirostamloo, 2010) . Other ACE -inhibitory pep tides such as ȁ-casein f(72 -

81), Ser -Lys-Val -Tyr -Pro-Phe-Pro-Gly -Pro-Ile (SLVYPFPGPI) have been produced by L. 

delbrueckii  ssp. bulgaricus  LB340 in fermented milk (Qian et al., 2011) .  

On an industrial scale, two fermented milk products with antihypertensiv e claims, 

Calpis TM and Evolus R, have been tested extensively in rats and in clinical trials, and are 
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commercialized as  functional foods (Dziuba and Dziuba, 2014) . Evolus R is available in the 

market as a L. helveticus  fermented milk ðproduced in Finland - pr oven to decrease the 

systolic blood pressure in hypertensive subjects due to the actions of L. helveticus  bioactive 

peptides (EFSA, 2008) . Calpis TM is defined as a milk product marketed in Japan (Calpis 

Co. Ltd.) with antihypertensive properties. It is pre pared by fermenting skimmed milk with 

L. helveticus  and Saccharomyces cerevisiae , which produce VPP and IPP peptides from ȁ-

casein and ȶ-casein (Dziuba and Dziuba, 2014) . 

 

Bacteriocins  

 Bacteriocins are ribosomally synthesized antimicrobial peptides produc ed by a 

particular bacterium that are active against other competitor bacteria; thereby they 

constitute an important part of the microbial defense system (Nes et al., 2007) . Such 

bacteriocin -producing strains may offer potential as an alternative to antibi otics, and may 

be useful as a means of controlling pathogen carriage, therefore being highly suitable as 

microbial food additives (Cotter et al., 2013)  (Table 4 ). Bacteriocins from LAB have attracted 

much interest because they are frequently produced by co mmercially useful strains that 

are generally regarded as safe (GRAS) for human consumption (Nes et al., 2007) . These 

antimicrobial molecules are among the beneficial peptides intrinsically synthesized by 

some LAB during milk fermentation and they have been  traditionally used as naturally 

produced food biopreservatives. In addition, they may function in the GIT as potential 

natural biotherapeutic agents facilitating the competition of probiotic strains and/or 

inhibition of pathogens; thereby they are potenti al contributors to the microbiota balance 

and human health (Dobson et al., 2012) . 

 
Table 4.  Characteristic aspects of bacteriocins compared to conventional antibiotics (Adapted from 

Cleveland et al. 2001 ). 

 Bacteriocins  Antibiotics  

Application  Foods Clini cal  

Bioactivity spectra  Mostly narrow  Mostly broad  

Bioactive intensity  nM -ȋM ȋM-mM  

Biosynthesis  Ribosomal  Secondary metabolite  

Proteolytic degradability  High  None 

Thermostability  High  Low 

Activity pH range  Wide Narrow  

Target cell resistance 

development  

Adaptation through changes 

in cell membrane composition  

Genetically t ransferable 
determinant that inactivates the 
active compound  

Mode of action  Generally, pore formation  

Cell membrane or intercellular 

targets, inhibition of cell wall 

biosynthesis  

Toxicity in eukaryotic cells  None known  Present  

 

Nisin is the most well -kn own bacteriocin used as food preservative due to its 

antibacterial effect against Listeria , clostridia spores and LAB associated to spoilage. Nisin 

has been approved as a food additive (E234) in the European Union according to Directive 

95/2/EC (EC, 1995) in the following products: semolina and tapioca puddings (3 mg/kg); 

ripened and processed cheese (12.5 mg/kg), clotted cream (10 mg/kg), and Mascarpone 
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cheese (10 mg/kg). It is also permitted in over 40 countries world -wide including USA, 

Australia, South Africa, Russia, and India for use as an antimicrobial agent in a variety of 

food products (EFSA, 2006) . Nisin -containing Camembert and semihard cheeses with 

prolonged shelf -life were made using Lactococcus lactis  (strains CNRZ150 or TAB50, 

respectively) as  nisin producers (Arqués et al., 2015) . Apart from nisin, plantaricins are 

very wellknown bacteriocins. For example, plantaricin C is a broad spectrum bacteriocin 

produced by L. plantarum , isolated from ripening cheese (González et al., 1994) . 

Plantaricins  have been reported to produce an immunomodulatory effect on dendritic cells 

(Meijerink et al., 2010) . However, bacteriocins other than nisin have so far only few and 

limited authorized uses in foods (Yang et al., 2015) . Consequently, the use of bacterioci n-

producing bacteria as starter culture for in situ  biosynthesis during milk fermentation 

becomes an effective alternative strategy to incorporate bacteriocins in dairy foods.  

Similarly, the lacticin 3147 -producing strain Lactococcus lactis  DPC3147 used as  a 

protective culture in Cheddar cheese reduced numbers of Listeria monocytogenes  to <10 

cfu/g within 5 days at 4ºC (Chen and Hoover, 2003; Ross et al., 1999) . Other bacterial 

species such as L. acidophilus  can be added as an adjunct in many food fermentat ion 

processes to contribute to bacteriocin production and food preservation (Anjum et al., 

2014) . Other LAB strains such as L. plantarum  WHE92 used as adjunct to the starter 

culture reduced Listeria monocytogenes , Listeria innocua , and Escherichia coli  O15 7:H7 

counts in cheese as a consequence of the production of plantaricin (Arqués et al., 2015) . 

Using a similar concept, Danisco developed a freeze -dried culture of Pediococcus acidilactici  

(marketed as CHOOZIT Flav 43) for use as a bacteriocin -producer adj unct in Cheddar and 

semihard cheeses (Mills et al., 2011) . 

Studies of the direct impact of dairy foods containing bacteriocins on human health 

and microbiome are still limited. In vivo antimicrobial activity of nisin and lacticin 3147 

has been recently dem onstrated in a murine infection model. A nisin -producing 

Lactococcus lactis  CHCC5826 modified the microbiota composition of human microbiota -

associated rats increasing bifidobacteria levels and decreasing Enterococcus/Streptococcus  

populations. Lacticin 31 47 has the potential to be employed in the treatment of Clostridium 

difficile  diarrhea and to eliminate the pathogen when added to an anaerobic fecal 

fermentation (Arqués et al., 2015) . 

 

Enzymes  

 Lactic acid bacteria associated to dairy fermentations posse ss enzymes which can 

be produced in situ during fermentation of dairy foods and have bioactive potential on the 

consumer. Examples are hydrolytic enzymes that may exert potential synergistic effects on 

digestion and alleviate symptoms of intestinal malabso rption (Patel et al., 2013) . A well -

known example is the ȁ-galactosidase activity, which can achieve lactose degradation and 

thereby improve health and reduce symptoms of lactose intolerant consumers. Yogurt and 

other conventional starter cultures and prob iotic bacteria in fermented and unfermented 

milk products improve lactose digestion and alleviate symptoms of intolerance in lactose 

malabsorbers. These beneficial effects are due to microbial ȁ-galactosidase (de Vrese et al., 

2001) . 
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CLA 

 CLA is a polyun saturated fatty acid (PUFA) that can be biosynthesized by LAB and 

bifidobacteria through bioconversion of linoleic acid (LA; cis-9,cis-12 C 18:2 ). The two 

isomers that have been shown to have bioactive potential are cis-9, trans -11 and trans -

10, cis-12. The h ealth -promoting properties of CLA include anticarcinogenic, 

antiatherogenic, anti -inflammatory, and antidiabetic activity, as well as the ability to 

reduce body fat (Sosa-Castañeda et al., 2015) . Although it is a native component of milk, 

the amount consum ed in foods is far from that required in order to obtain desired 

beneficial effects. Thus, increasing the CLA content in dairy foods through milk 

fermentation with specific LAB offers a promising alternative. An effective way to increase 

CLA uptake in huma ns is to increase CLA levels in dairy products by using strains with 

high production potential (Lee et al., 2007) . A number of food -grade LAB and bifidobacteria 

were reported to produce CLA in milk products (Sosa-Castañeda et al., 2015; Yang et al., 

2015) , as is the case of Lactococcus lactis  LMG, L. rhamnosus  C14, L. casei  CRL431, L. 

acidophilus  Lac1, L. plantarum -2, B. bifidum  CRL1399 and B. animalis  Bb12 (Florence et 

al., 2009; Van Nieuwenhove et al., 2007b) . Some of these strains were also used as adjun ct 

cultures for the manufacture of high CLA -content buffalo cheese (Van Nieuwenhove et al., 

2007a) . The CLA -producing starter culture of Lactococcus lactis  CI4b enhanced levels of 

total CLA in Cheddar cheese (Mohan et al., 2013) . Similarly, L. bulgaricus  LB430 and S. 

thermophilus  TA040 are suitable for production of CLA -enriched yogurt (Florence et al., 

2009) .  

In addition, it has been shown that specific microorganisms such as L. plantarum  

PL60 or B. breve  NCIMB702258, are able to produce CLA following die tary administration 

in animal models (Wall et al., 2012)  and following the administration as a freeze -dried 

product in humans (Lee and Lee, 2009) . Thus, intestinal CLA production by bacteria may 

contribute to enhance CLA supply in addition to the CLA provi ded by the producing strain 

in fermented milks during the manufacture (Terán et al., 2015) . 

 

Exopolysaccharides  

Exopolysaccharides (EPS) are complex extracellular carbohydrate polymers that can 

be produced by some LAB in situ  during dairy fermentations. So me of them promote 

selective growth of bifidobacteria, thus playing a role on the host microbiota and immune 

system (Fernández et al., 2015; Salazar et al., 2016) . In this regard, EPS derived from 

yogurt fermented with L. delbrueckii  ssp. bulgaricus OLL107 3R-1 exerted 

immunestimulatory effects in mice (Makino et al., 2016) . Yogurt, Swiss -type, and Cheddar 

cheeses represent suitable food matrices for the delivery of the hypocholesterolemic EPS -

producer strain L. mucosae  DPC 6426 (Ryan et al., 2015) . Other mi croorganisms with 

potential to produce EPS in cheese are P. freudenreichii  KG15/KG6, Lactococcus lactis  

SMQ-461 or S. thermophilus  MR-1C (Dabour et al., 2005; Darilmaz and Gumustekin, 

2012) . Significant levels of EPS can also be produced in kefir by L. pla ntarum  YW11 (Wang 

et al., 2015) . Recently, EPS produced by bifidobacteria have attracted the attention due to 

their immune modulation capability (Hidalgo -Cantabrana et al., 2012) . 

Exopolysaccharides can also improve the quality, sensory and rheological pro perties 

of the final food product, which in many cases results in a reduction of the amount of 

chemical stabilizers required, thus favoring a more natural product. For example, strains 
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of B. longum  subsp. infantis  CCUG 52486 and S. thermophilus  were suitab le to produce 

yogurt and fermented ice -cream with improved viscosity and texture and reduced syneresis 

as a consequence of their high EPS production (Dertli et al., 2016; Han et al., 2016; 

Prasanna et al., 2013) .  

 

Regulatory aspects  

 At present, the statu s of probiotic -based products is full of ambiguities because 

various regulatory agencies in different countries are defining and categorizing probiotics 

differently. Despite the emerging interest of consumers toward probiotics and functional 

foods, in Euro pe the regulatory framework is still not harmonized and no health claim for 

probiotics alone (except yogurt starters) has been approved. Paradoxically, probiotics or 

bioactive bacteria have been introduced into the market as dietary supplements or natural 

health products (capsules, tablets, and powders) (Arora and Baldi, 2015) . Japan was the 

very first global jurisdiction for implementing a regulatory system for functional foods and 

nutraceuticals in 1991, and is currently acting as global market leader whe re probiotics 

are available as both foods and drugs. The government has designated Foods for Specific 

Health Uses (FOSHU), which classifies health claims into different subcategories 

(gastrointestinal health, cholesterol moderation, hypertension moderation , lipid 

metabolism moderation, sugar absorption moderation, mineral absorption, and bone and 

tooth health). In China, the State Food and Drug Administration (SFDA) has regulated all 

health foods including functional foods and nutraceuticals, and a well -developed market 

for functional foods is established (Arora and Baldi, 2015) . Currently USA is regulating 

probiotics as a variety of products as per their intended usage and regulatory bodies are 

Dietary Supplement Health and Education Act (DSHEA) and Food an d Drug 

administration (FDA). Dietary supplements are considered as ôfoodsõ and are regulated by 

DSHEA and do not need FDA approval before being marketed. However, probiotics and 

dietary supplements containing a new dietary ingredient without a marketing hi story are 

regulated by FDA. In conclusion, a harmonized categorization of probiotics and functional 

foods may help to regulate these products whenever solid clinical documentation is 

available to support any health effects and health messages in human subj ects. The 

appropriate level of evidence for determining a health benefit for probiotics should always 

be put ahead of commercial and labeling industrial interests.  

 

Challenges in industry and concluding remarks  

A goal of the dairy industry is to develop no vel dairy products with increased 

nutritional and/or health promoting properties. Food -grade bacteria have the potential to 

fortify fermented dairy food products with bioactive metabolites by a natural process, 

thereby reducing the need for fortification w ith costly chemically synthesized supplements. 

Nowadays, a number of commercial sources have available synthetic formulations of 

bioactive substances for their use as a dietary supplement. The use of health -supporting 

bacteria for naturally enriching dairy  foods with bioactives could be a suitable alternative 

to food fortification with chemical formulations.  

The starter cultures must be carefully selected, since the ability of microbial 

cultures to produce bioactive metabolites is generally a strain -depende nt trait and varies 

considerably among strains within the same species. The yield of bioactive synthesis and 



Introducción general  

42 

 

the concentration of such compound in dairy products is another critical strain -dependent 

factor. In this regard, the dose of bioactives ingested w ith the corresponding food product 

should remain over the minimum required to meet the human requirements and/or have 

the claimed therapeutic level on the consumer, according to existing clinical 

recommendations and studies. An open question when using co -cultures or strain 

combinations is their interaction in terms of nutrient availability, bacterial growth, as well 

as the bioactive production yield. In some cases, metabolites (i.e., vitamins etc.) produced 

by one of the strains could be consumed by the ot her strains, thus decreasing the final 

content in food.  

Generally, the biosynthetic pathways are genetically encoded. In this regard, the 

increasing availability of bacterial genome sequences over the last decade has provided a 

major contribution to the kn owledge about microbial production of bioactive molecules. 

However, the presence of the genes required for the biosynthesis of a particular 

biomolecule should not be assumed as synonym of metabolite production. Typical 

exceptions to the correlation genotyp e-phenotype occur when the genes are not active or 

when the metabolite is intracellularly biosynthesized and a release system is lacking. This 

is indeed one of the major bottlenecks during biosynthesis of some vitamins that needs to 

be overcome through the  use of alternative strategies such as autolytic mutants and 

metabolic engineering (Basavanna and Prapulla, 2013) . 

Consideration should also be given by manufacturers to the optimum conditions for 

bioactive compound biosynthesis by LAB during technological  processes. The content and 

activity of a bioactive compound in the dairy fermented foodstuffs is the result of the type 

of food matrix, the individual bacterial strain properties as well as the processing 

conditions and storage.  
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2. JUSTIFICACIÓN Y OBJETIVOS  
 

 

Los ácidos grasos saturados del queso han dado lugar a una percepción negativa 

de este alimento por parte de los consumidores. Sin embargo, se ha observado que el 

queso puede aportar compuesto s bioactivos con efectos beneficiosos sobre la salud 

humana como el CLA. Actualmente se observan cambios en los hábitos alimentarios del 

consumidor que se traducen en una demanda creciente de alimentos que mejoren la 

salud. En relación con esto , el estudio  de los factores que puedan generar un incremento 

de la concentración de CLA en el queso podría tener gran interés en el posible desarrollo de 

alimentos funcionales.  

La leche y productos lácteos, entre ellos el queso, son las principales fuentes de 

CLA en la alimentación. En este sentido, se ha observado que la grasa de la leche de oveja 

presenta una mayor concentración de CLA que la de vaca o la de cabra. En esta última 

década, el CLA ha despertado un gran interés por sus propiedades anticarcinogénicas, 

an titrombogénicas, antiarterioescleróticas y por su efecto en la reducción de la grasa 

corporal. Un aspecto a resaltar es que se ha detectado que la concentración de CLA en el 

queso es la misma que la de la leche empleada como materia prima. Por este motivo,  la 

mejora del perfil lipídico de los productos lácteos ha de comenzar desde la producción de la 

materia prima, es decir, de la leche. Distintos estudios han puesto de manifiesto la gran 

importancia de la dieta de los animales rumiantes en el contenido en CLA presente en la 

grasa láctea. La mayoría de estos trabajos se han llevado a cabo en rebaños de ovino 

experimentales. Sin embargo, la información sobre el efecto de la alimentación y de otros 

factores asociados al sistema de manejo empleado en granjas co merciales de ovino sobre el 

perfil de ácidos grasos de la leche de tanque de oveja es muy escasa. En consecuencia, el 

control de los factores que conlleven a la obtención de leche de oveja con un mejor perfil 

nutricional podría permitir a los ganaderos e i ndustria láctea obtener una materia prima 

con mayor valor añadido sin que suponga un incremento significativo en sus costes de 

producción.  

Por otro lado, la concentración de CLA en queso también puede ser incrementada 

durante el proceso de elaboración del  mismo mediante el empleo de bacterias ácido 

lácticas con capacidad para producir CLA a partir del ácido linoleic o presente en la leche. 

Desde hace mucho tiempo, las bacterias ácido lácticas juegan un papel esencial en el 

proceso de fermentación que tiene lugar en la elaboración de algunos alimentos, en 

especial del queso y han sido generalmente reconocidas como seguras (Generally 

Recognized As Safe; GRAS) en la elaboración de productos fermentados. En este propósito, 

las bacterias ácido lácticas contribuye n a la acidificación de la leche y durante la 

maduración de los quesos ejercen actividades proteolíticas y lipolíticas que contribuyen a 

la textura, aroma y sabor del queso. Como consecuencia de esto , la selección de cepas de 

bacterias lácticas para el dis eño de nuevos cultivos iniciadores que presenten buenas 

propiedades tecnológicas y capacidad para sintetizar compuestos beneficiosos para la 

salud puede dar lugar a la mejora del proceso de fermentación así como a un producto 

final de mejor calidad.  
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En la actualidad, la pasterización de la leche para elaborar queso permite 

asegurar la calidad microbiológica de los mismos. Sin embargo, este hecho hace necesario 

el empleo de cultivos iniciadores y adjuntos comerciales, que si bien generan un mayor 

grado de  control sobre el proceso de fermentación y estandarización del producto final, 

también dan lugar a quesos con menor personalidad, los cuales son percibidos por el 

consumidor como òaburridosó. As² mismo, algunas caracter²sticas metab·licas importantes 

en l as bacterias lácticas están codificadas por plásmidos, existiendo el riesgo de que se 

pierdan debido a la adaptación a la matriz alimentaria. En la industria quesera, este hecho 

ha conducido a una pérdida de la singularidad de cada variedad de queso. Actua lmente, 

para poder solucionar este problema, se están aislando cepas autóctonas de quesos 

tradicionales que puedan permitir la producción de queso sin que se pierdan las 

características sensoriales que los caracterizan. Por consiguiente, el diseño de culti vos 

compuestos por bacterias lácticas autóctonas con capacidad para sintetizar CLA y con 

buenas propiedades tecnológicas para elaborar queso permitiría obtener un producto con 

propiedades sensoriales atractivas y con una composición nutricional mejorada.  

Durante el proceso de maduración del queso, como se ha mencionado 

anteriormente,  las bacterias ácido lácticas juegan un papel importante en la proteólisis 

debido a que estas bacterias contienen proteinasas y peptidasas que dan lugar a la 

producción de amino ácidos libres, los cuales pueden servir de sustrato en reacciones 

catabólicas secundarias, también por acción de las bacterias ácido lácticas, generándose 

compuestos tales como el GABA o la ornitina con efectos fisiológicos positivos sobre la 

salud humana.  Sin embargo, también hay que tener en cuenta que ciertas bacterias ácido 

lácticas están implicadas en reacciones de descarboxilación que dan lugar a la síntesis de 

compuestos tóxicos como las aminas biógenas. En  consecuencia, el consumo de alimentos 

con elevada concentración de aminas biógenas puede provocar efectos toxicológicos y estos 

problemas pueden ser más importantes en consumidores cuyo sistema de detoxificación es 

menos eficiente por causas genéticas o por tratamientos farmacológicos. Por este mo tivo, 

cuando se diseñan nuevos cultivos para elaborar queso es necesario asegurar que las 

bacterias que forman parte de estos cultivos no generan altas concentraciones de aminas 

biógenas en el producto final.  

Los cultivos son uno de los principales respon sables de las características físico -

químicas que presenta cada variedad de queso ya que como se ha mencionado 

anteriormente juegan un papel muy importante tanto en la acidificación de la leche como 

durante la maduración de los quesos. Como resultado, esta  actividad microbiana afecta 

directa e indirectamente a la microestructura del queso y en consecuencia, también a las 

características sensoriales del mismo.  

En base a lo anteriormente descrito, el objetivo general de esta Tesis Doctoral fue 

estudiar la re percusión que tuvo la selección de leche de tanque con alto contenido en CLA 

así como el empleo de cultivos iniciadores y adjuntos capaces de sintetizar CLA y otros 

compuestos con efectos beneficiosos sobre la salud humana como el GABA sobre el perfil 

nutr icional del queso de oveja.  
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Para lograr tal fin, los objetivos específicos planteados en el desarrollo de esta 

Tesis fueron los siguientes:  

 

1.  Investigar el efecto de la alimentación, de la etapa de lactación, del mes de 

muestreo y del rebaño en el perfi l de ácidos grasos, con especial énfasis en el 

CLA, de la leche de tanque de granjas de ovino comerciales.  

 

2.  Identificar y estudiar la capacidad de diferentes cepas de bacterias ácido 

lácticas aisladas de quesos artesanales para producir CLA y GABA.  

 

3.  Diseñ ar varios cultivos iniciadores y/o adjuntos constituidos por 

combinaciones de dichas cepas de bacterias ácido lácticas con capacidad para 

sintetizar CLA.   

 

4.  Elaborar quesos a partir de leche de oveja con alto contenido en CLA y 

empleando los diferentes cult ivos diseñados con el fin de conocer la evolución 

de los parámetros físico -químicos y de los principales grupos microbianos de 

los quesos a lo largo de la maduración.  

 

5.  Estudiar el efecto de los cultivos diseñados y del tiempo de maduración sobre 

el perfil de ácidos grasos del queso de oveja.  

 

6.  Estudiar el efecto de los diferentes cultivos diseñados sobre el perfil de 

aminoácidos libres, con especial énfasis en el GABA y la ornitina, sobre la 

microestructura y sobre el contenido en aminas biógenas de los ques os de 

oveja durante la maduración de los mismos.  

 

7.  Evaluar las características sensoriales de los quesos mediante análisis 

instrumental y empleando un panel de catadores.  
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Abstract  

 

 

The quality of dairy products is affected by the fatty acid (FA) profil e of the milk. The aim of 

this study was to determine whether the feeding regimen and lactation stage of sheep 

produced a healthier FA profile of milk. The study was carried out on 30 commercial 

farms , and the feeding regimens studied were  different  grazin g allowance s (50%, G1; 25%, 

G2; 0%, G3). The variance explained by the lactation stage for the FAs was below 4.18%. 

The milk from the grazing allowance G1 (50% grazing time per day plus alfalfa silage and 

barley grains) showed a  higher conjugated linoleic acid (1.16%) proportion, followed by the 

grazing allowances G2 (0.90%) and G3 (0.79%), which showed  that grazing improved the 

nutritional quality of milk fat.   
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INTRODUCTION  

 

Fatty acids (FAs) in milk and cheese are receiving increasi ng research attention due 

to the relationship between consumption of saturated FAs and the risk of developing 

coronary heart disease (Elwood et al . 2010). However, the fat in milk and dairy products 

also contains compounds that are beneficial for consumer health, such as vaccenic acid, 

oleic acid, conjugated linoleic acid (CLA) and omega-3 polyunsaturated FAs (PUFAs) 

(Zlatanos et al.  2002; Field et al. 2009; Sofi et al.  2010; Sales -Campos et al. 2013; Yang et 

al.  2016). Milk and dairy products are our main natural dietary source of CLA, and it has 

been observed that the fat in sheep milk has a higher CLA content than that of cow or goat 

milk (Park et al.  2007). Most of the production of sheep milk is used to manufacture 

cheese. Nudda et al . (2005) detected t hat the CLA content from unprocessed raw milk can 

be recovered in cheese. Therefore, the production of cheese from sheep milk with increased 

mono - and polyunsaturated FAs content, especially CLA and omega-3, warrants for high 

nutritional properties of such  dairy products (Zlatanos et al.  2002; Sofi et al . 2010; Koba 

and Yanagita 2014).  

Over the past decade, numerous studies have been conducted on ruminant diet as 

a means to improve the milk FA profile because ruminant feeding is considered to be the 

major factor affecting the quality of sheep milk fat and , therefore, of sheep cheese  (Stanton 

et al.  2003; Hervás et al.  2008; Shingfield et al.  2008; Kalac and Samková 2010). 

Tsiplakaou et al . (2008) stated that increasing the supply of grass and thus  omega-3 

PUFAs in the livestock diet represents one of the strategies for enhancing the content of 

these FAs and CLA in sheep milk. Cabiddu et al . (2005) have shown that season is another 

factor possibly affecting the FA profile of sheep milk because the phenologic al stage of the 

botanical species that  are part of the pastures differs depending on the time of year. These 

authors observed that flocks grazing on spring pastures (rich in Ȁ-linolenic acid) produced 

milk with higher CLA and omega-3 content compared to the milk obtained from the same 

flocks w hen grazed on summer pastures. Some authors have stated that the effect of other 

factors such as flock, lactation stage or breed on the milk FA profile is not significant 

compared to the feeding regimen  or season effects (Tsiplakou et al . 2008; De la Fuent e et 

al . 2009). However, little information is available about the effects of the lactation stage 

and the feeding regime n on sheep commercial farms. This study could thus provide the 

dairy industry, including farmers and advisors, new knowledge about usual  farming 

practices that could lead to an improvement in sheep milk nutritional quality.  

The aim of this study was therefore to investigate the effects of the feeding regimen 

and lactation stage on the FA profile of sheep bulk tank milk from commercial farm s. 

 

MATERIALS AND METHODS  

 

Experimental design  

This study was conducted on the sheep bulk tank milk records of 30 commercial 

farms between April and July 2016. It took place in the prefecture of Zamora in Castilla 

and León and more specifically in the reg ions of Villalpando and Villamayor de Campos. 

This overall region covers a total of 153 km 2, and it is characterized by its cereal fieldsõ 

predominance at an altitude between 685 and 695 m above sea level and for its warm -
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summer Mediterranean  climate (Kott ek et al.  2006). In this geographical area, the parity of 

sheep takes place during winter and spring,  and three feeding regimens coexist.  

The farms stud ied in this work were grouped according to their  feeding regimen s, 

and the sheep breeds studied were: A ssaf, Awassi and Castellana. The first group (G1; 

n=10) consisted of sheep flocks with a regimen of 50% grazing time per day plus alfalfa 

silage (200 g of dry matter/animal and day) and barley grains (250 g of dry matter/animal 

and day) addition during the  experimental period. In the second group (G2; n=10) of flocks, 

the feeding regimen was 25% grazing time per day with alfalfa silage (600 g of dry 

matter/animal and day) and hay (600 g of dry matter/animal and day) addition. The third 

group (G3; n=10) cons isted of sheep flocks managed under an intensive system (0% 

grazing time per day) during the experimental period, fed with alfalfa silage (600 g of dry 

matter/animal and day), hay (500 g of dry matter/animal and day) and commercial 

concentrate mix (2 kg of  dry matter/animal and day; granulated feed, corn grain, 

granulated dehydrated alfalfa, cotton seed, beet pulp, treacle).  

The lactation stages considered were  as follows : 20 -60 days postpartum (initial), 60 -

110 days postpartum (middle) and 110 -160 days po stpartum (final). Births were grouped 

in each farm. Therefore, most of the sheep in each farm were in the same lactation stage.  

 

Population and milk sampling  

The farms were located in Villalpando (41Ü51õ53õõN, 5Ü24õ47õõW) and Villamayor de 

Campos (41Ü53õ56õõN, 5Ü21õ33õõW). The 30 farms belonged to the Consortium for Ovine 

Promotion (Zamora, Castilla and León, Spain), which is the largest cooperative in the sheep 

milk sector in Spain. The size of each flock was between 275 and 975 sheep. All the sheep 

were m ilked twice a day during the milking period.  

Bulk tank milk samples (100 mL) were taken  on the same day in April (n=30), May 

(n=30), June (n=30) and July (n=30). Sampling was carried out during these months as 

they represent  the most important grazing per iod. A total of 120 bulk tank sheep milk 

samples were analysed. They were preserved with bronopol (0.05%) and stored at 4ºC until 

laboratory analysis within 96 h of collection  (De La Fuente et al.  2009). Analytical 

determination of 32 FAs per sample was ca rried out in the Department of  Food Hygiene 

and Technology at University of León (León, Spain).  

 

Physico chemical and microbiological composition of milk  

All milk samples were analysed for total solids, fat, protein, lactose and somatic 

cells by Milkoscan FT2(Foss Electric, Hillerod, Denmark), and for aerobic mesophilic 

bacteria counts by Bactoscan FC (Foss Electric).  

 

Quantification of FAs in sheep milk  

Lipids were extracted from the milk samples using the method described by Bligh 

and Dyer  (1959), and FA m ethyl esters were prepared by base -catalysed methanolysis of 

glycerides (NaOCH 3), following the method described by Aldai et al . (2005).  

A Hewlett Packard 6890 Series Gases Chromatography System (Hewlett Packard, 

Wilmington, DE, USA) equipped with a Hewlet t Packard 7683 Series Injector (Hewlett 

Packard) and a Hewlett Packard 5973 Mass Selective Detector (Hewlett Packard) was used. 

FAs separation was carried out using a Tekno TR -CN 100 capillary column (0.2 µm, 
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particle size, 60 m × 0.25 mm I.D.; Teknokroma,  Barcelona, Spain). Helium was used as a 

carrier gas at a flow rate of 1 mL/min. The injection and detector temperatures were 

230ºC. The temperature program was as follows: the initial temperature was held at 50ºC 

for 1 min after injection, then programmed  to increase at 15ºC/min to 200ºC, held there 

for 3 min, and then programmed to increase at 2ºC/min to 200ºC, and held there for 5 

min. Samples (1 µL) were injected by split injection (split ratio 10:1).  

Each peak was ident ified and quantified using a 37 -component FAME mix standard 

(Supelco, Sigma -Adrich Co.,  Saint Louis,  USA). CLA, in particular, was identified using a 

50:50 mixture from individual standard solutions of the two CLA isomers of interest in this 

study ( cis-9, trans -11 C 18:2 ; trans -10, cis-12 C 18:2 ) (Larodan Fine Chemicals AB, Malmö, 

Sweden). A nonanoic (C 9:0 ) FAME (Sigma -Adrich Co .) was added to the methylated milk fat 

samples prior to GC analysis and was used as an internal standard for chromatographic 

analysis. The individual FA proportion in milk samples was expressed as g/100 g of total 

FAs (g/100 g total FAs).  

 

Studied FAs  

Although 32 FAs were studied initially, statistical analysis was primarily restricted 

to the 12 most important one s (C8:0 , C 10:0 , C12:0 , C14:0 , C 16:0 , C18:0 , C 18:1 , C18:2 cis-9,cis-12, 

C18:3 cis-9,cis-12, cis-15, C 18:2 cis-9, trans -11 (CLA), C 18:2 trans -10, cis-12 (CLA), C 20:4 cis-5,cis-

8,cis-11, cis-14) from a quantitative and/or biofunctional point of view  (De La Fuente et al.  

2009), and to seven FA groups and five  FA indexes , which were all treated as dependent 

variables. The FA groups based on saturation level and chain length were  as follows : the 

sum of short -chain saturated FAs (C 4 to C 10, SCFA); the sum of medium -chain saturated 

FAs (C11 to C 15, MCFA); and the sum of long -chain saturated FAs (C 16 to C 24, LCFA). The 

four  remaining groups were  as follows : the sum of monounsaturated FAs (MUFA); the sum 

of PUFA; the sum of omega-6 FAs and the sum of omega-3 FAs. The five  indexes 

considered were  as follows : the unsaturated FAs (UFA)/saturated FAs (SFA)  ratio;  the 

omega-6/ omega-3 ratio ; the C 18:2 cis-9, trans -11/C 18:2 cis-9,cis-12 ratio ; the atherogenicity 

index (AI) defined as [(C 12:0 + 4×C 14:0  + C16:0 )/(ễ unsaturated FA)] (Ulbricht and Southgate 

1991) ; and the desaturase index ( DI) calculated as C 14:1  cis-9/C 14:0  ratio (Renna et al . 

2012).  

 

Statistical analysis  

Statistical analysis was carried out using the MIXED procedure in SAS (SAS 

Institute, Inc., Cary , NC), following the mathematical model below:  

Yijklm = µ + R i + F j(i) + M k + L l + (R × M) ik  + eijklm , 

where Yijklm  refers to the 29 depend ent variables; namely six physico chemical and 

microbiological parameters, 12 FAs, seven groups of FAs and five  FA indexes, and µ is the 

overall mean. The Ri factor refers to the fixed effect of  feeding regimen; there were three  

levels: G1, G2, G3. The Fj(i) factor is the fixed effect of flock within feeding regimen; there 

were 30 levels. Mk  refers to the fixed effect of sampling month; there were four  levels: April, 

May, June and July. Ll is the  fixed effect of lactation stage; there were three  levels: initial, 

middle and final. (R × M)ik  refers to the effect of interaction between feeding regimen and 

sampling month , and eijklm  is the residual effect. Other interactions were not statically 

signif icant ( P > 0.05) and consequently removed from the statistical model.  
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The MIXED procedure was used to study the statistical significance of the variation 

factors, and the least squares means and contrasts of differences between means were 

estimated. Follow ing the indicated model, but considering all factors as random, the 

VARCOMP procedure was used to estimate the percentage of variance explained by each 

fixed effect (sampling month, flock, lactation stage and feeding regimen) for the 12 FAs, 

seven groups o f FAs and five  FA indexes.  

Additionally, in order to analyse the flock effect, hierarchical clustering was 

performed using the Ward method (Euclidean distance squared) using SPSS v.21 (SPSS, 

Chicago, IL, USA).  

 

RESULTS AND DISCUSSION  

 

Physico chemical and m icrobiological composition of the milk  

The physico chemical and microbiological composition of milk determines its quality 

and suitability for use in the manufacture  of dairy products. The physico chemical and 

microbiological parameters studied in the bulk t ank milk samples are shown in Table 1 . 

The average concentrations of fat, protein, lactose and total solids in all the milk 

samples analysed were within the range described by Mayer and Fieschter  (2012).  

Significant differences were observed ( P Ò 0.001) in the fat and protein concentrations in 

milk from the three groups studied. The G1 grazing group presented the highest average 

concentration of fat (73.96 g/kg milk), followed by the G2 (68.23 g/kg milk) and the G3 

(66.02 g/kg  milk). Similarly, the G1 grazi ng group presented the highest average 

concentration of protein (57.05 g/kg milk), followed by the G2 (51.52 g/kg  milk) and G 3 

(51.83 g/kg  milk), with no significant differences between the latter ( P > 0.05). It has been 

observed that in sheep, management systems focusing primarily on milk yield lead to lower 

concentrations of fat and protein in milk than in less intensive systems (Morand -Fehr et al.  

2007).  
 

Table 1. Least squares means and standard errors for the physico chemical and microbiological 
paramet ers by feeding regimen in sheep bulk tank milk.  

a-bSame row with different superscripts differ ( P Ò 0.05). 
xFat, protein, lactose and total solids expressed as g/kg  milk.  
Somatic cell counts expressed as cells/g (× 10 5). 
Mesophilic aerobic microbiota expressed as log 10 cfu /g.  
+Diet G1 consisting  of 50% grazing + alfalfa silage (200 g of dry matter/ani mal and day) + barley grains (250 g 
of dry matter/animal and day); Diet G2 consisting  of 25% grazing + alfalfa silage (600 g of dry matter/animal 
and day) + hay (600 g of dry matter/animal and day); Diet G3 consisting  of alfalfa silage (600 g of dry 
matter /animal and day) + hay (500 g of dry matter/animal and day) + commercial concentrate mix (2 kg of dry 
matter/animal and day; granulated feed, corn grain, granulated dehydrated alfalfa, cotton seed, beet pulp, 
treacle).  
NS P > 0.05; *** P Ò 0.001. 

 

At present, there are attempts to use the somatic cell count (SCC) as the criterion 

for establishing milk prices, but there is currently no legislation defining the limits of SCC, 

Parameter x 
Feeding regimen + 

SE P-value  
G1 G2 G3 

Fat  73.96 a 68.23 b 66.02 b 0.07  ***  
Protein  57.05 a 51.52 b 51.83 b 0.03  ***  
Lactose  47.06  47.90  48.32  0.01  ***  
Total solids  186.57 a 176.66 b 174.35 b 0.08  ***  
Somatic cell counts  3.64  3.62  3.63  0.08  NS 
Mesophilic aerobic microbiota  4.87  4.98  4.90  0.03  NS 
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as this depends on a variety of factors (Vivar -Quintana et al.  200 6). The average 

concentration of SCC in milk samples was 3.63 × 10 5 cells/g and the average 

concentration for the mesophilic aerobic microbiota counts was 4.90 log 10 cfu /g. In 

accordance with the Ministerial Order of 27 June 1985, the samples could be clas sified as 

class 2, as established by this legislation, since they presented < 6 log 10 cfu /g.  

 

Descriptive statistics  

Table 2  shows the average proportions of the 32 FAs and seven groups of FAs for the 

120 bulk tank sheep milk samples studied. The variation  coefficients were between 52.54 

and 7.46%; the average proportions of SFA (66.65%), MUFA (26.57%) and PUFA (6.78%) 

were different to those described in sheep milk by De La Fuente et al.  (2009). These 

authors reported finding 71.35% SFA, 22.10% MUFA and 6. 54% PUFA, obtaining a lower 

UFA/SFA ratio (0.40) than in the present study (0.50).  

In the present study, the average proportion of Ȁ-linolenic acid in the sheep milk 

samples was 0.99 g/100g total FAs, coinciding with the values obtained by Zhang et al.  

(2006). However, Pellattiero et al.  (2015)  found a lower Ȁ-linolenic acid content (0.3 0 g/100 

g total FAs) in their study of sheep milk samples.  

In the bulk tank milk samples , there was a higher average proportion of CLA isomer 

C18:2 cis-9, trans -11 (0.79 g/100 g total FAs) than of C 18:2 trans -10, cis-12 (0.12 g/100 g total 

FAs). Renobales et al . (2012) noted that the CLA isomer C 18:2 cis-9, trans -11 accounts for 

between 70  and 90% of the total CLA content in milk fat. The proportion of both isomers in 

the milk samples studied coincided with the range of values reported by Tsiplakou et al.  

(200 6) and De La Fuente et al.  (2009).  

The percentage of variance explained by the sources of variation studied for the 12 

FAs, seven groups of FAs and the five FA indexes selected is shown in Table 3 . 

 

Feeding regimen effect  

The feeding regimen was the most i mportant source of variation for C 18:2 cis-9, trans -

11/C 18:2 cis-9,cis-12 ratio and DI. This factor also explained a high percentage of variance 

for omega-6/ omega-3 ratio, C 18:2 cis-9, trans -11 (CLA) and C 18:2 trans -10, cis-12 (CLA) 

proportions ( Table 3 ).  

Table 4  shows that significant differences were found ( P Ò 0.05) between the three 

groups studied with respect to the proportions of C 18:2 cis-9,cis-12, C 18:3 cis-9,cis-12, cis-15, 

C18:2 cis-9, trans -11 (CLA), C 18:2 trans -10, cis-12 (CLA), the omega-6/ omega-3 ratio, AI, C 18:2 

cis-9, trans -11/C 18:2 cis-9,cis-12 and D I. However, no significant differences ( P > 0.05) in 

proportion were found for most of the SFA and MUFA. However, bulk tank milk from the 

G1  presented the lowest proportion of C 18:2 cis-9,cis-12 but had the highest mean 

proportion of Ȁ-linole nic acid and t otal CLA, and the most beneficial values for the omega-

6/ omega-3 ratio, AI, C 18:2 cis-9, trans -11/C 18:2 cis-9,cis-12 ratio and DI. The lower C 18:2 cis-

9,cis-12 proportion and higher total CLA proportion presented by m ilk from G1 with 

respect to those  from t he other two groups studied may be due to greater bioconversion of 

C18:2 cis-9,cis-12 in the rumen and mammary gland. These differences could be partially 

explained by the variation in Ǥ-9 desaturase activity (in the mammary gland) which can be 

calculated by means of specific FA indexes as indicated by Arnould and Soyeurt (2009). 
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Table  2. Descriptive statistics for composition of the 32 FAs, seven groups of FAs, and five FA indexes for 120 sheep bulk tank milk samples from the 30 flocks 
studied.  

 Variable * 
Mean  

(g/100 g  total FA)  

Range  
SD CV (%)  

Minimum  Maximum  

C4:0  2.95  0.85  6.11  1.55  52.54  

C6:0  4.98  3.15  6.90  0.63  12.65  

C8:0  3.68  2.30  5.43  0.50  13.59  

C10:0  5.58  3.93  6.97  0.68  12.19  

C11:0  0.27  0.15  0.44  0.06  22.22  

C12:0  4.20  2.92  5.46  0.53  12.62  

C13:0  0.29  0.19  0.52  0.06  20.69  

C14:0  8.38  6.93  9.90  0.62  7.39  

C14:1  c-9 0.98  0.70  1.36  0.12  12.24  

C15:0  1.51  1.10  2.10  0.19  12.58  

C15:1  c-10 0.45  0.30  0.81  0.08  17.78  

C16:0  18.78  15.83  25.63  1.29  6.87  

C16:1  c-9 3.14  1.44  4.24  0.41  13.06  

C17:0  1.23  0.79  1.92  0.18  14.63  

C17:1  c-10 0.64  0.44  0.97  0.11  17.19  

C18:0  13.50  9.14  20. 41 2.18  16.15  

C18:1  c-9 + t-11  21.15  13.23  29.10  1.38  7.63  

C18:2 t-9, t-12  0.37  0.09  1.17  0.16  43.24  

C18:2 c-9,c-12  3.65  2.52  5.52  0.57  15.62  

C20:0  0.62  0.37  1.05  0.12  19.34  

C18:3 c-9,c-12, c-15  0.99  0.44  1.94  0.29  29.29  

C18:2 c- 9, t-11 (CLA)  0.78  0.32  2.04  0.25  32.05  

C18:2 t- 10, c-12 (CLA)  0.12  0.04  0.35  0.04  33.33  

C20:2  c-11, c-19 0.06  0.04  0.10  0.01  16.67  

C22:0  0.23  0.16  0.37  0.04  17.39  

C20:4 c-5,c-8,c-11, c-14  0.22  0.15  0.32  0.02  9.09  

*CLA,  conjugated linoleic acid; SCFA,  sum of short -cha in satur ated fatty acids; MCFA,  sum of medium -cha in saturated fatty acids; LCFA,  sum of long -chain saturated fatty 
acid s; MUFA,  sum of mon ounsaturated fatty acids; PUFA,  sum of po lyunsaturated fatty acids; UFA,  sum o f unsaturated fatty acids; SFA,  su m of saturated  fatty acids; AI, 
atherogenicity index; DI,  desaturase index.  
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Table 2 (continuation). Descriptive statistics for composition of the 32 FAs, seven groups of FAs, and five FA indexes for 120 sheep bulk tank milk samples 
from the 30 flocks studied.  

 Variab le * 
Mean  

(g/100 g  total FA)  

Range  
SD CV (%)  

Minimum  Maximum  

C23:0  0.25  0.18  0.39  0.04  16.00  

C22:2  c-13, c-16 0.18  0.11  0.37  0.05  27.78  

C20:5  c-5,c-8,c-11, c-14, c-17 0.12  0.01  0.22  0.04  33.33  

C24:0  0.20  0.14  0.30  0.03  15.00  

C24:1  c-15 0.22  0.13  0.38  0.04  18.18  

C22:6  c-4,c-7,c-10, c-13, c-16, c-19 0.28  0.17  0.43  0.05  17.86  

SCFA 17.20  10.89  21.88  2.03  11.80  

MCFA 16.08  12.77  19.46  1.38  8.58  

LCFA 66.72  61.45  75.16  2.65  3.97  

MUFA  26.57  21.78  30.74  1.41  5.31  

PUFA 6.78  5.00  8.87  0.76  11.21  

Omega-6  3.94  2.75  5.92  0.59  14.97  

Omega-3 1.39  0.74  2.55  0.34  24.46  

UFA/SFA  0.50  0.40  0.60  0.04  7.46  

Omega-6/ omega-3 3.52  1.82  6.75  0.96  27.27  

AI 1.70  1.30  2.15  0.16  9.41  

C18:2 c- 9, t-11/ C18:2 c-9,c-12 0.22  0.10  0.77  0.08  36.36  

DI  0.12  0.08  0.17  0.01  8.33  

*CLA, conjugated linoleic acid; SCFA,  sum of short -cha in saturated fatty acids; MCFA,  sum of  medium -cha in saturated fatty acids; LCFA,  sum of long -cha in saturated fatty 
acids; MUFA,  sum of mon ounsaturated fatty acids; PUFA,  sum of po lyunsaturated fatty acids; UFA,  sum o f unsaturated fatty acids; SFA,  su m of saturated fatty acids; AI,  
ath erogenicity index; DI,  desaturase  index.  
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The Ǥ-9 desaturase enzyme adds a double bond at position 9 and configuration cis 

to MUFA and PUFA with a carbon chain length from 10 to 18 atoms. The most reliable of 

the ratios used to determine Ǥ-9 desaturase enzyme activity in milk is the C 14:1 /C 14:0  ra tio. 

This is because the myristoleic acid present in milk is generated almost exclusively (over 

95%) by endogenous synthesis from myristic acid, in contrast with the other MUFA, which 

can also come from the diet  (Griinari et al.  2000; Renna et al . 2012). T he results obtained 

in the present study confirm  this , as G1 presented a higher value (0.13) for the C 14:1 /C 14:0 

index than G3 (0.10) or G2 (0.10). Lock and Garnsworthy (2003) observed that sheep fed 

under a grazing system showed an increase in Ǥ-9 desaturase activity in the mammary 

gland. This same trend in Ǥ-9 desaturase activity was observed by Renna et al . (2012)  in 

their study of the FA profile in milk from goats fed with different levels of fresh forages. The 

CLA proportion observed by these authors and by Couvreur et al.  (2006) in the study of the 

CLA proportion in dairy cow milk was higher than that found in o ur study. This fact can be 

justified by differences in the botanical composition of fresh pastures as well as that the 

flocks studied in this work were commercial and not experimental.  
 

 
 
Table 3.  Percentage of variance explained by each fixed effect for t he 12 FAs, seven groups of FAs, and 
five FA indexes considered.  

Variable * Feeding regimen  Lactation stage  Flock  
Sampling 

month  

C8:0  0.00  4.18  17.65  38.75  
C10:0  0.00  3.35  27.68  36.76  
C12:0  0.00  3.81  28.97  33.15  
C14:0  0.00  3.80  18.10  34.97  
C16:0  1.03  2.85 13.22  36.75  
C18:0  0.00  1.33  21.37  29.52  
C18:1  0.00  2.20  7.10  43.12  
C18:2 c-9,c-12 14.21  3.22  24.25  25.20  
C18:3 c-9,c-12, c-15 18.36  1.94  24.96  23.35  
C18:2 c-9, t-11 (CLA)  21.58  0.98  15.26  30.25  
C18:2 t-10, c-12 (CLA)  22.46  1.86  8.70  25.50  
C20:4 c-5,c-8,c-11, c-14 0.00  0.40  18.23  21.81  
SCFA 0.00  4.01  18.29  31.38  
MCFA 0.00  3.98  21.82  35.11  
LCFA 0.00  2.27  8.35  38.60  
MUFA  0.00  3.05  5.58  42.24  
PUFA 11.26  3.27  4.08  42.43  
Omega-6 6.75  3.64  19.45  34.29  
Omega-3 17.22  3.20  18.80  32.40  
UFA/SFA  0.00  1.84  45.68  8.50  
Omega-6/ omega-3 30.42  3.66  41.95  3.27  
AI 12.03  0.05  47.36  4.85  
C18:2 c-9, t-11/ C18:2 c-9,c-12 56.29  0.14  20.93  3.77  
DI  58.75  0.10  19.72  2.34  

*CLA,  conjugated linoleic acid; SCFA,  sum of short -cha in saturated fatty acids; MCFA,  sum of  medium -cha in 
saturated fatty acids; LCFA,  sum of long -chain saturated fatty acids; MUFA,  sum of mon ounsaturated fatty 
acids; PUFA,  sum of po lyunsaturated fatty acids; UFA,  sum o f unsaturated fatty acids; SFA,  su m of saturated 
fatty acids; AI, atherogenicity inde x; DI,  desaturase index.  

 
 
 

Milk form the G1 farms had a lower omega-6/ omega-3 ratio than the G2 and the G3 

farms which may be explained by high C 18:3 intakes from pasture herbage.  However, the 

changes described in the milk FA profile are not only due to t he supply of grass in the 

animal diet. Preserved forages and concentrate in the sheep diet also influence the FA milk 
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profile. As shown in Table 4 , G3 presented the lowest concentration of CLA and C 18:3 cis-

9,cis-12, cis-15 with respect to the other two gro ups. This is because it was the only one fed 

on forage and concentrate. As indicated by Chillard et al . (2007), this type of diet does not 

contribute to elevated CLA proportions in milk, as it does not provide sufficient amounts of 

CLA precursors. The G1 diet had a lower forage proportion than G2, but more grazing and 

higher CLA proportion. Therefore, the factors that may affect the proportions of these 

beneficial FAs in milk could be the level of precursor intake and the extent of 

biohydrogenation in the r umen. Incomplete biohydrogenation occurs when grazing yields 

more C 18:1 trans -11 that can be de saturated in the mammary gland. The rumen 

environment may be affected by diet, which may be translated into a change in the FA 

profile of sheep milk (Tsiplakou et al . 2006).  
 

 
 
 
Table 4. Least squares means and standard errors for FA content ( g/100 g total FA ) by feeding 
regimen in commercial dairy sheep flocks . 

Variable  x 

Feeding regimen + 

SE P-value  Group 1  
(n=40)  

Group 2  
(n=40)  

Group 3  
(n=40)  

C8:0  3.67  3.52  3.55  0.07  NS 
C10:0  5.33  5.32  5.46  0.09  NS 
C12:0  11.46  10.44  11.83  0.07  NS 
C14:0  8.15  8.13  8.29  0.08  NS 
C16:0  17.67 b 18.21 ab 18.65 a 0.17  ** 
C18:0  13.93  14.59  14.63  0.23  NS 
C18:1  20.94  21.60  21.62  0.21  NS 
C18:2 c-9, c-12 3.03 c 3.60 b 4.00 a 0.07  ***  
C18:3 c-9, c-12 , c-15 1.25 a 0.91 b 0.95 b 0.04  ***  
C18:2 c-9, t-11 (CLA)  0.99 a 0.79 b 0.71 c 0.03  ***  
C18:2 t-10 , c-12 (CLA)  0.17 a 0.11 b 0.08 c 0.01  ***  
C20:4 c-5, c-8, c-11, c-14 0.22  0.23  0.22  0.00  NS 
SCFA 17.04  17.11  17.10  0.14  NS 
MCFA 15.46  15.43  15.44  0.19  NS 
LCFA 67.50  67.46  67.46  0.31  NS 
MUFA  26.89  26.65  26.84  0.25  NS 
PUFA 6.92 a 6.47 b 6.99 a 0.11  ** 
Omega-6 3.31 c 3.38 b 4.30 a 0.07  ***  
Omega-3 1.74 a 1.27 b 1.26 b 0.04  ***  
UFA/SFA  0.51  0.47  0.50  0.01  NS 
Omega-6/ omega-3 1.90 c 2.66 b 3.41 a 0.09  ***  
AI 1.59 b 1.84 a 1.88 a 0.02  ***  
C18:2 c-9, t-11/ C18:2  c-9, c-12 0.33 a 0.22 b 0.18 b 0.01  ***  
DI  0.13 a 0.10 b 0.10 b 0.09  ***  

a-c Same row with  different superscripts differ (P Ò 0.05). 
x CLA,  conjugated linoleic acid; SCFA,  sum of short -cha in saturated fatty ac ids; MCFA,  sum of medium -cha in 
saturated fatty acids; LCFA,  sum of long -cha in saturated fatty acids; MUFA,  sum of mon ounsaturated fatty 
acids; PUFA,  sum of po lyunsaturated fatty acids; UFA,  sum o f unsaturated fatty acids; SFA,  su m of saturated 
fatty acids;  AI, atherogenicity index; DI,  desaturase index.  
+Diet G1 c onsisting of  50% grazing + alfalfa silage (200 g of dry matter/animal and day) + barley grains (250 g 
of dry matter/anim al and day); Diet G2 consisting of  25% grazing + alfalfa silage (600 g of dry  matter/animal 

and day) + hay (600 g of dry matter/animal and d ay); Diet G3 consisting of  0% grazing, alfalfa silage (600 g of 
dry matter/animal and day) + hay (500 g of dry matter/animal and day) + commercial concentrate mix (2 kg of 
dry matter/animal and  day; granulated feed, corn grain, granulated dehydrated alfalfa, cotton seed, beet pulp, 
treacle).  
NS P > 0.05; ** P Ò 0.01; ***  P Ò 0.001. 
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Lactation stage effect  

Lactation stage accounted for < 4.18% of variance in the 12 FAs, seven groups of 

FAs and five FA indexes  and was therefore much less important as regards variation than 

the other factors ( Table 3 ). This is i n agreement with other authors (De La Fuente et al.  

2009; Peterson et al.  2002). Lactation stage had a significant effect ( P Ò 0.05) on the 

proportions of C 10:0 , C12:0 , C 14:0 , C18:0 , PUFA, omega-6 and omega-3 (Table 5 ). Bulk tank 

milk obtained in the final  lactation stage showed higher proportion of these FAs than bulk 

tank milk obtained in the initial lactation stage. As Nogalski et al . (2012) have indicated, 

the differences observed in the proportions of FAs between the initial lactation stage and 

the fin al lactation stage could be due to more intense fat reserve mobilis ation in the early 

lactation stage.  

 
 

 
Table 5. Least squares means and standard errors for FA content ( g/100 g total FA ) by lactation stage 
in commercial dairy sheep flocks . 

Variable  x 

Lac tation stage + 

SE P-value  Initial  
(n=37)  

Middle  
(n=48)  

Final  
(n=35)  

C8:0  3.43  3.51  3.76  0.09  NS 
C10:0  5.08 b 5.36 ab 5.51 a 0.08  * 
C12:0  3.84 b 3.99 b 4.22 a 0.07  * 
C14:0  8.24 b 8.26 b 8.52 a 0.08  * 
C16:0  18.13  18.20  18.50  0.20  NS 
C18:0  13.59 b 14.50 a 15.27 a 0.16  * 
C18:1  21.08  21.48  21.61  0.21  NS 
C18:2 c-9,c-12 3.51  3.56  3.58  0.09  NS 
C18:3 c-9,c-12, c-15 0.87 b 0.95 ab 1.19 a 0.05  ** 
C18:2 c-9, t-11 (CLA)  0.87  0.85  0.85  0.01  NS 
C18:2 t-10 ,c-12 (CLA)  0.13  0.12  0.12  0.01  NS 
C20:4 c-5,c-8,c-11, c-14 0.22  0.22  0.22  0.00  NS 
SCFA 17.29  17.12  17.09  0.26  NS 
MCFA 15.21  15.38  15.37  0.20  NS 
LCFA 67.50  67.50  67.54  0.36  NS 
MUFA  26.67  26.90  26.95  0.30  NS 
PUFA 6.53 b 6.76 ab 6.92 a 0.08  * 
Omega-6 3.65 b 3.69 b 3.87 a 0.02  * 
Omega-3 1.25 b 1.34 ab 1.65 a 0.06  * 
UFA/SFA  0.50  0.50  0.51  0.02  NS 
Omega-6/ omega-3 2.92 a 2.75 ab 2.36 b 0.10  ** 
AI 1.65  1.64  1.67  0.02  NS 
C18:2 c-9, t-11/ C18:2  c-9,c-12 0.25  0.24  0.24  0.01  NS 
DI  0.10  0.10  0.10  0.11  NS 

a-c Same row with  different superscripts differ (P Ò 0.05). 
x CLA,  conjugated linoleic acid; SCFA,  sum of short -cha in saturated fatty acids; MCFA,  sum of  medium -cha in 
saturated fatty acids; LCFA,  sum of long -cha in saturated fatty acids; MUFA,  sum of mon ounsaturated fatty 
acids; PUFA,  sum of polyunsat urated  fatty acids; UFA,  sum o f unsaturated fatty acids; SFA,  su m of saturated 
fatty acids; AI, atherogenicity index; DI,  desaturase index.  
+ Initial: 20 -60 days postpartum; Middle: 60 -110 days postpartum; Final: 110 -160 days postpartum.  
NS P > 0.05; *P Ò 0.05; ** P Ò 0.01. 

 

The proportions of CLA isomers and DI were no t affected ( P > 0.05) by the lactation 

stage. However, several recent studies have shown that in dairy cattle , the lactation stage 

effect on CLA proportion and DI was significant (Kelsey et al . 200 3; Craninx et al . 2008; 

Bilal et al . 2014). This may be due to the fact that the management system in dairy cattle 

is different from dairy sheep and to the physiological differences between both species.  
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Sampling month effect  

According to the percentage of  variance analysis  (Table 3 ), sampling month was the 

most important source of variation for the majority of individual FA, SFA, MUFA, PUFA, 

the two CLA isomers and Ȁ-linolenic acid, in agreement with the results reported by 

Cabiddu et al.  (2005). This may be because the composition of the fresh herbage forming 

the groupsõ diet may have  varied according to the month, and these variations have in turn 

been found to affect the FA profile of sheep milk (Cabiddu et al.  2005).  

As can be seen in Table 6 , the highest average proportions for  the majority of the 

FAs studied in bulk tank milk were  observed in April , except for C 14:0 , C 16:0 , C20:4, SFA and 

omega-6. Furthermore, samples collected in April and May yielded better UFA/SFA and 

C18:2 cis-9, trans -11/ C18:2 cis-9,cis-12 ratios and lower AI than samples collected in June 

and July. The values obtained for the AI were consistent with those reported by Chillard et 

al.  (2003). The only variable for which no significant differences ( P > 0.05) were found 

between sampling months was the  DI.  

 

 
Tab le 6. Least squares means and standard errors for FA content (g/100g total FA) in sheep milk from 

commercial dairy flocks  by sampling month.  

  Sampling month  
 

P-value + 

Variable x 
April  

(n=30)  
May  

(n=30)  
June  

(n=30)  
July  

(n=30)  
SE M M*R  

C8:0  3.77 a 3.57 b 3.52 b 3.45 c 0.08  ***  NS 
C10:0  5.54 a 5.43 a 5.28 b 5.16 b 0.11  ***  NS 
C12:0  4.19 a 4.13 a 3.98 b 3.81 c 0.09  ***  NS 
C14:0  8.26 b 7.93 c 8.13 b 8.45 a 0.11  ***  NS 
C16:0  17.68 b 18.05 ab 18.64 ab 18.80 a 0.23  ***  NS 
C18:0  14.25 ab 14.72 a 14.52 ab 14.03 b 0.35  ***  NS 
C18:1  21.78 a 21.44 ab 21.28 ab 21.03 b 0.26  ***  NS 
C18:2 c-9,c-12 3.48 a 3.36 b 3.43 c 3.47 c 0.09  ***  NS 
C18:3 c-9,c-12 ,c-15 1.10 a 1.07 ab 0.94 ab 0.92 b 0.06  ***  NS 
C18:2 c-9, t-11 (CLA)  0.98 a 0.83 b 0.77 bc 0.69 c 0.07  ***  ** 
C18:2 t-10, c-12 (CLA)  0.15 a 0.12 b 0.11 b 0.1 1b 0.05  ** ** 
C20:4 c-5,c-8,c-11 ,c-14 0.21 b 0.21 b 0.23 a 0.23 a 0.01  ** NS 
SCFA 16.17 c 16.15 c 16.70 b 17.30 a 0.28  ***  NS 
MCFA 16.09 a 16.05 a 15.59 b 15.62 b 0.35  ** NS 
LCFA 67.74 ab 67.80 a 67.75 ab 67.08 b 0.33  ** NS 
MUFA  27.18 a 26.73 ab 26.73 ab 26.68 b 0.21  ***  NS 
PUFA 7.17 a 6.67 ab 6.59 b 6.41 b 0.15  ***  NS 
Omega-6 3.75 b 3.63 c 3.76 b 3.94 a 0.09  ***  NS 
Omega-3 1.56 a 1.46 b 1.35 c 1.31 c 0.06  ***  NS 
UFA / SFA  0.51 a 0.49 ab 0.48 b 0.48 b 0.03  ** NS 
Omega-6 / omega-3 2.40 b 2.49 b 2.79 a 3.01 a 0.12  ** NS 
AI 1.60 b 1.61 b 1.65 ab 1.70 a 0.02  ***  NS 
C18:2 c-9, t-11/ C18:2  c-9,c-12 0.28 a 0.25 ab 0.22 bc 0.20 c 0.01  ***  ** 
DI  0.11  0.11  0.11  0.10  0.01  NS NS 

a-c Same row with different superscripts differ  ( P Ò 0.05). 
x CLA,  conjugated linoleic acid; SCFA,  sum of short -cha in saturate d fatty acids; MCFA,  sum of  medium -cha in 
saturated fatty acids; LCFA,  sum of long -cha in saturated fatty acids; MUFA,  sum of mon ounsaturated fatty 
acids; PUFA,  sum of po lyunsaturated fatty acids; UFA,  sum of unsaturated fatty acids; SFA, su m of saturated 
fatty acids; AI, atherogenicity index; DI,  desaturase index.  
+M: sampling month fixed effect; M*R: interaction effect between sampling month and feeding regimen.  
NS P > 0.05; ** P Ò 0.01; ***  P Ò 0.001. 

 

 

Notably, the highest average proportion of total CLA was obtained in April (1.13 

g/100g total FAs), followed by May (0.95 g/100 g total FAs), June (0.88 g/100 g total FAs) 



Resultados ð Capítulo 1  

76 

 

and July (0.80 g/100 g total FAs). Our results are consiste nt with those reported by 

Tsiplakou et al.  (2006), who found that the highest values for total CLA in sheep milk were 

obtained in April and May, whereas the proportion was lowest in January, March and 

June. The CLA values detected by these authors were hig her than the CLA concentra tion 

observed in the present study. However, as in our study, they found higher levels of CLA in 

spring, when fresh herbage is rich in Ȁ-linolenic acid (Tsiplakou et al.  2008). The 

proportion of this FA steadily decreases as the herbage matures and develop s higher fibre 

proportion (Dewhurst et al.  2001). Accordingly, intake of mature herbage deficient in Ȁ-

linolenic acid leads to a reduction in the levels of vaccenic acid, an intermediate generated 

during biohydrogenation in the rumen. This in turn results in a reduction in CLA 

synthesised from vaccenic acid in the mammary gland  (Nudda et al.  2005). In the present 

study, it can be observed that the interaction effect between the sampling month and the 

feeding regimen was significant ( P Ò 0.01) for the proportions of CLA and for the C 18:2 cis-

9, trans -11/C 18:2 cis-9,cis-12 ratio ( Table 6 ). The importance of the grazing time on the 

proportions of CLA in bulk tank milk can be observed because the milk collected from the 

G1 and G2 dietary groups in April showed hi gher proportions of CLA (1.15 and 0.91 g/100 

g total FAs, respectively) and C 18:2 cis-9, trans -11/C 18:2 cis-9,cis-12 (0.41 and 0.22, 

respectively) than the milk collected from the same groups in July which presented 0.82 

and 0.65 g CLA/100g of total FA for G1 and G2, respectively , and values of 0.25 (G1) and 

0.17 (G2) for the C 18:2 cis-9, trans -11/C 18:2 cis-9,cis-12 ratio. However, there were not 

significant differences ( P > 0.05) between the values for the proportions of CLA (0.79 g/100 

g total FAs) and C 18: 2 cis-9, trans -11/C 18:2 cis-9,cis-12 (0.19) observed in the milk from G3 

group collected in April, May, June or July.  
 

Flock effect  

Table 3  shows that flock was the main source of variation for C 18:3 cis-9,cis-12, cis-

15, the UFA/SFA ratio, the omega-6/ omega-3 ratio and AI. Similarly, flock explained a 

large percentage of variance for SCFA and the CLA isomer cis-9, trans -11, in agreement 

with results obtained by Stoop et al.  (2008), who found that flock explained a high 

percentage of variance for 16 FAs, inclu ding the CLA isomer cis-9, trans -11.  

As shown  in Figure 1 , there were considerable differences among flocks with regard 

to FA proportion. In the statistical analysis of flocks, taking into account the average 

values of the milk FA profile throughout the ex perimental period, two clusters were formed. 

This could be because each flock belonged to differe nt farm and animal population. C luster 

1 was formed by the flocks belonging to the dietary group G3 and by some flocks of the G2 

group. However, cluster 2 was made up of flocks belonging to the G1 and some flocks of 

the G2 groups (Figure 1 ). This last cluster showed higher average proportions of CLA and 

UFA/SFA ratio than cluster 1, whereas this presented higher average proportions for the 

C18:3 cis-9,cis-12, cis-15 and SCFA than cluster 2. Likewise, cluster 2 showed the lowest 

average values for the omega-6/ omega-3 rati o and AI in comparison with cluster 1. These 

results were similar to those previously observed when the effect of the feeding regimen 

was analyzed . 
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Figure 1.  Heatmap with hierarchical clustering of the commercial dairy sheep flocks studied according to the mean values of the 12 FAs, seven groups of FAs 
and five FA indexes studied during the experimental period.  
CLA, conjugated linoleic acid ; CLA 1,  c-9, t-11  C18:2 ; CLA 2,  t-10, c-12  C18:2 ; SCFA,  sum of short -cha in saturated fatty acids; MCFA,  sum of medium -cha in 
saturated fatty acids; LCFA,  sum of long -cha in saturated fatty acids; MUFA,  sum of mon ounsaturated fatty acids; PUFA,  sum of polyunsa turated fatty acids ; 
UFA,  sum o f unsaturated fatty acids; SFA,  sum of saturated fatty acids; A I, atherogenicity index; RCLA,  c-9, t-11  C18:2 / c-9,c-12  C18:2 ; DI,  desaturase index.  
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CONCLUSIONS  

 

This study showed that t he proportions of beneficial FAs, such a s CLA and Ȁ-

linolenic acid, decreased in bulk tank milk when sheep graze d less and ate more 

concentrates. Lactation stage had no effect on MUFA, CLA, linoleic acid or arachidonic 

acid. At present, sheep milk production is being intensified giving less impo rtance to the 

nutritional value of the milk. However, less intensive sheep milk production systems have 

been shown to have a beneficial effect on the nutritional profile of milks . This study 

provides information that the dairy industry could take into acco unt to foment animal 

production practices that lead to an improvement in sheep milk quality and therefore in 

the nutritional value of cheese.  
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Abstract  

 

 

In this study, 85 strains of lactic acid bacteria isolated from artisanal cheeses were 

screened to determine their capacity to synthesise bioactive compounds with importan t 

beneficial properties to human health, such as conjugated linoleic acid (CLA) and gamma -

amino butyric acid (GABA).  

Four Lactobacillus plantarum and two Lactobacillus casei subsp. casei  strains  were found 

to be capable of synthetizing CLA. The highest le vel of CLA formed in the media after 48 h 

incubation was 19.26 µg/mL. Six Lactobacillus brevis and four Lactococcus lactis subp. 

lactis  strains were able to produce GABA and the highest concentration (2524.05 µg/mL) 

was found after 72 h incubation.  

The det ection of genes encoding linoleate isomerase could be suitable for use as screening 

method of CLA ðproducer strains but many strain -dependent factors affect their expression 

and/or activity. The detection of genes encoding the glutamate decarboxylase system  could 

be a method for screening Lactococcus  lactis GABA-producing strains, although this should 

be studied in a larger number of strains.  

Our findings suggest that the above strains are potential candidates for the design of 

starter cultures with the capa city to generate bioactive compounds, offering new 

possibilities for the manufacture of functional dairy products.  
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INTRODUCTION  

The relationship between food and consumer health and well -being has become a 

priori ty concern in food production. Fermented dairy products, especially cheese, contain 

compounds that exert beneficial effects on human health, such as conjugated linoleic acid 

(CLA) and gamma -aminobutyric acid (GABA) (Diana, Quílez, & Rafecas, 2014; Sofi et al., 

2010; Zlatanos, Laskaridis,  Feist, & Sagredos, 2002) . 

CLA is a group of positional and geometric isomers of octadecadienoic acid with a 

system of conjugated double bonds which have been attributed with several functional 

properties, including anti -carcinogenic, antiatherogenic,  anti obesity effects and modulation 

of the immune system (Koba & Yanagita, 2014; Tanaka, 2005) . 

CLA is naturally found in foods derived from ruminants because it occurs as an 

intermediary in biohydrogenation of polyunsaturated fatty acids, specifically of linol eic acid 

and Ȁ-linolenic acid, by the action of various anaerobic bacteria enzymes in the rumen. It 

is also synthesised in the mammary gland by the action of the Ǥ-9 desaturase enzyme on 

vaccenic acid, which is another intermediary in ruminal biohydrogenat ion (Rodríguez -

Castañedas, Peña -Egido, García -Marino, & García -Moreno, 2011) . This has prompted 

research to determine whether other bacteria involved in the fermentation of dairy 

products, are also capable of synthesising CLA. In recent years, several stud ies have 

shown that some lactic acid bacteria (LAB) and bifidobacteria strains can efficiently 

convert LA to CLA due to activity of the linoleate isomerase enzyme which has been 

observed to be strain -dependent (Coakley et al., 2003; Gorissen et al., 2011; Nieuwenhove, 

Oliszewski, González, & Pérez Chaia, 2007a; Rodríguez -Alcalá, Braga, Malcata, Gomes, & 

Fontecha, 2011) . 

GABA is a non -protein amino acid with numerous physiological functions, including 

neurotransmission, blood pressure regulation and insulin secretion (Adeghate & Ponery, 

2002; Diana et al., 2014; Okada et al., 2000) . GABA is synthesised by glutamate 

decarboxylase (GAD), an enzyme dependent on pyridoxal 5' -phosphate, which catalyses Ȁ-

decarboxylation of L -glutamate or its salts to GABA (Narayan & Nair, 1990) . This enzyme 

has been found in LAB (Cotter & Hill, 2003; Kom atsuzi, Nakamura, Kimura, & Shima, 

2008) , and thus a study of the capacity of LAB strains to produce GABA is of particular 

interest with a view to using them as starter cultures in the manufacture of fermented 

products. As Siragusa et al. (2007)  have indic ated, cheese is a good vehicle for GABA 

because milk caseins have a high content in L -glutamate (17.5% of the total amino acid 

content) which is released during cheese ripening and can be metabolised to GABA by the 

action of LAB (Hejtmánková, Pivec, Trnkov á, & Dragounová, 2012) . 

However, the concentration of these compounds in cheese is generally under the 

minimum level required to play a beneficial role on human health. Information is lacking 

on CLA and GABA levels required by humans, but it is estimated t hat a daily intake of 3 g 

per day for a 70 kg person may be effective to achieve the beneficial effects of CLA and it 

has been pointed out that a daily oral administration of 26.4 mg GABA is required to be 

effective in treating neurological disorders (Okad a et al., 2000; Pariza, 2004) . 

It is therefore of interest to design natural strategies for enriching bioactive 

compound content in the final product. Several studies have indicated the possibility of 

modifying cheese composition by acting on the cheese ma nufacture process, and more 

particularly by using starter cultures with the capacity to synthesise CLA and GABA from 
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linoleic acid (LA) and monosodium glutamate (MSG), respectively (Diana et al., 2014; 

Mohan, Anand, Kalscheur, Hassan, & Hippen, 2013; Nieuw enhove, Oliszewski, González, 

& Pérez Chaia, 2007b) .  

The objectives of this study were to: (i) screen 85 LAB strains isolated from artisanal 

cheeses for their capacity to synthesise CLA and GABA; (ii) test the biosynthesis of CLA 

and GABA under different incubation times; and (iii) detect the genes encoding linoleate 

isomerase and glutamate decarboxylase as a possible screening method. Therefore, this 

study was aimed to identify LAB strains capable of efficient production of CLA and GABA, 

for use in the de sign of starter cultures with the capacity to generate bioactive compounds, 

offering new possibilities for the manufacture of functional dairy products.  

 

MATERIALS AND METHODS  

 

Strains and culture media  

For this study, 85 autochthonous LAB strains were sel ected for their adequate 

technological aptitude observed in previous studies and could potentially be considered as 

starter cultures for dairy products manufacture (González et al., 2007; González, 

Cuadrillero, Castro, Bernardo, & Tornadijo, 2015; González , Sacristán, Arenas, Fresno, & 

Tornadijo, 2010; Herreros, Fresno, González Prieto, & Tornadijo, 2003) . These strains were 

obtained from the collection held in the Department of Food Hygiene and Technology at the 

University of León ( Table 1 ). All strains we re screened for CLA and GABA production, and 

all experiments were carried out in duplicate. Before experimental use, the strains were 

subcultured twice in Elliker broth (BD Difco, New Jersey, USA) for Lactococcus lactis  or in 

MRS broth (Oxoid, Hampshire, U K) for the remaining strains at 30ºC during 24 h. At this 

time of incubation, the growth phase of the strains studied was the initial stationary 

phase.  

After subculture, the cultures were centrifuged at 20,800 × g for 5 min at 4ºC and 

the pellets were resu spended in a sterile physiological solution (0.85% NaCl) until reaching 

an absorbance value between 1.0 - 1.3 at a 550 nm wavelength, which corresponded to a 

cell density of 9.0 to 9.2 log 10 CFU/mL.  

 

Screening for CLA producers  

Screening for strains capabl e of converting free LA to CLA was carried out following 

the method described by Barrett, Ross, Fitzgerald, and Stanton (2007) , which is based on 

spectrophotometric detection of CLA, with some modifications. Briefly, the activated 

cultures were inoculated (5% v/v) to the corresponding culture medium (Elliker or MRS) 

containing 0.5 mg/mL LA (99% purity; 0.902 g/mL density; Sigma -Aldrich, St. Louis, MO, 

USA). The LA was added as a 30 mg/mL stock solution containing 2% (v/v) Tween 80 

(polyoxyethylene sorbitan mono -oleate; Merck -Schuchardt, Hohenbrunn, Germany) and 

was previously filter sterilized through a 0.45 µm Minisart filter (Sartorius AG, Goettingen, 

Germany) and stored in the dark at -20ºC until use. The strains were incubated for 24 h 

and 48 h at 30ºC t o determine the effect of the incubation time for CLA production. 

Following incubation, the cultures were centrifuged at 20,800 × g for 1 min at 4ºC, and the 

supernatants were mixed with 2 mL isopropanol and allowed to stand for 3 min. Then, 1.5 

mL of hexa ne was added and again allowed to stand for 3 min.  
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Table 1. List of the 85 autochthonous lactic acid bacteria strains screened in the present study 

isolated from Armada (TAUL), Genestoso (GE) and San Simón Da Costa (SS) cheeses and effect of the 
linoleic acid (LA) on their growth.  

 
Species  
 

Number of strains  Growth inhibition by LA * 

 
Lactococcus lactis  subsp.  lactis  
GE 61, 118, 102, 103; TAUL 32, 238, 262, 
250, 266; SS 194, 193  

11 1 strain ++  

 
Lactococcus lactis subsp.  cremoris  
TAUL 1239, TAUL 216  

2 - 

 
Leuconostoc pseudomesenteroides  
GE 2068; GE 2070  

2 1 strain +  

 
Leuconostoc mesenteroides  
GE 2002; SS 1435, 1437, 1664  

4 4 strains +  

 
Lactobacillus brevis  
TAUL 198, 1267, 141, 174, 67, 69, 70, 179, 
195, 205  

10 - 

 
Lactobacillus casei  
TAUL 171, 173, 1 75, 177, 180, 185, 190  

7 - 

 
Lactobacillus paracasei  
GE 2036, 2071  

2 - 

 
Lactobacillus casei subsp.  casei  
TAUL 1506, 1508, 1699; SS 1614, 1615, 263, 
1644, 1661, 1694, 1689, 1770, 1778, 1785  

14 - 

 
Lactobacillus casei subsp. rhamnosus  
SS 1684  

1 - 

 
Lactobacillus plantarum  
GE 2077; TAUL 1736, 1765, 1521, 1522, 101, 
1539, 1588, 1795, 38, 39, 52, 55, 122, 125, 
194   

16 - 

 
Enterococcus italicus  
TAUL 250; SS 194  

2 - 

 
Enterococcus faecalis  
GE 26, 35, 2320, 2371, 2381; TAUL 117, 32, 

262, 198; SS 193, 1378, 1 91, 1449  

13 1 strain +  

 
Enterococcus raffinosus  
TAUL 1351  

1 - 

*The occurrence of growth inhibition of the cultures after addition of 0.5 mg/ml of LA. (ĭ) growth was not 
inhibited, (+) growth was retarded; (++) strains were unable to continue growth after addition of LA to the 
cultures.  

 

The amount of CLA synthetized was determined by measuring the absorban ce at 

233 nm using a 96 -well plate spectrophotometer (BioTek Synergy HT spectrophotometer, 

Winooski, Vermont, USA).  

To calculate the concentration of CLA produced by the LAB studied, a calibration 

curve was constructed for absorbance at 233 nm versus CLA ( C18:2 c9, t11) (Ó96% purity; 

Sigma -Aldrich, St. Louis, MO, USA) concentration (0 -30 µg/mL), obtaining the equation: 

y=0.0654x+0.0085 (R 2 = 0.9994).  
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Growth was monitored by measuring optical density at 600 nm (OD600) and 

cultures without LA were used as control to determin e whether this compound inhibited 

growth of the bacteria studied.  

The pH value of the culture medium was determined using a pH meter (Mettler 

Toledo, Columbus, Ohio, USA) equipped with a combined electrode at room temperature 

(20 ± 2ºC).  

 

Screening for GAB A producers  

The 85 strains were inoculated at 5% (v/v) into the appropriate culture medium 

containing 5 mg/mL MSG (Sigma -Aldrich, St. Louis, MO, USA) and incubated for 72 h at 

30ºC. Then, the strains identified as GABA producers were re -inoculated at 5% (v /v) into 

the appropriate culture medium containing 5 mg/mL MSG and incubated for 24, 48 and 

72 h at 30ºC to determine the effect of incubation time on GABA production by the 

selected LAB. Detection of GABA -producing strains and quantification of GABA produ ction 

at different incubation times was performed according to the method described by Barrett, 

Ross, OõToole, Fitzgerald, and Stanton (2012) . 

 

Linoleate isomerase, glutamate decarboxylase and glutamate -GABA antiporter gene  

Detection of genes encoding lin oleate isomerase, glutamate decarboxylase and 

glutamate transporter was performed as follows: first, a search was conducted in the 

GenBank database for all genes of the same species encoding the corresponding enzyme. 

The sequences available for each specie s were aligned to identify highly conserved regions, 

which enabled the design of the primers (Sigma -Aldrich, St. Louis, MO, USA) ( Table 2 ). The 

primers (0.4 ȋM each) were used to amplify the respective target sequences from the 

genomic DNA (0.1 ng) of the selected bacteria. The amplification reaction (50 µL) was 

performed using BioMix RedTM (Bioline) in an Applied Biosystems 2720 Thermal Cy cler 

(Life Technologies). PCR cycles (95°C, 1 min; 55°C, 60 s; 72°C, 90 s) were preceded by a 

denaturation step (95°C, 5 min) and concluded with a final elongation step (70°C, 7 min).  

 
Table 2. Primers used in this study for the detection of the genes enc oding the enzymes linoleate 

isomerase ( lis ), glutamate decarboxylase ( gadB ) and glutamate transporter ( gadC ) involved in CLA and 
GABA biosynthesis.  

Primer  Sequence (5õ-3õ) Gene  
Expected 

size  

Lbcasf  GATCAAGCATAAGGCGATCA TGATCGG lis  (L. casei ) 600 bp 
Lbcasr  TAAATCATCATGTGCATGTA CCGCCG   
Lbplf  GCAATTATGATTGGTGCCGG  lis  (L. plantarum ) 450 bp 
Lbplr  CTTCGTTTCTTCACTATCTG GCATC   
lacBf  TCTGTCAAACTTATATGGAA CCTGAAGC gadB  (L. lactis ) 1100 bp 
lacBr  CTTGAACATAGTTAAATGCC ATATTCATCCC    
lacCf  GCCACGTCAAAATTACATTT GGTGTTCT gadC  (L. lactis ) 1000 bp 
lacCr  CCTCCTCCTCCAAAAGTTAA TACAGCGCCCC    
brevB1f  AGGCAGTGTCGAAGCCGGGC AA gadB1 (L. brevis ) 1300 bp 
brevB1r  CATGGATGGGCGTACCACGA TCC   
brevB2f  CTCGCCACGTTCTGTCAGAC TTACATGG gadB2 (L. brevis ) 1100 bp 
brevB2r  TCATCAATAAAGTCGTGGGC CATACTCATACC    
brevCf  CCATGACGACTTCCATGGTC ATGACGGTT gadC (L. brevis ) 1300 bp 
brevCr  GCATGACCACAAAGGCACTC ACTAACAACA   

 

Next, PCR products were separated by electrophoresis on 1% (wt/vol) agarose gel 

(Thermo Fisher Scientific, Waltham, Massachusetts). A DNA  molecular marker was loaded 
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in parallel in the gel to predict the estimated size of the PCR products. Gels were staine d 

with 0.5 ȋg/mL ethidium bromide (Sigma-Aldrich, St. Louis, MO, USA) and then imaged 

under ultraviolet light in an Alpha Imager TM 3400 (Alpha Innotech, Kasendorf, GmbH).  

 

Statistical analysis  

All experimental data obtained in the study of CLA and GABA pro duction by LAB at 

different incubation times were statistically analysed using SPSS v.21 (SPSS, Chicago, IL, 

USA). The variables studied were tested for the assumptions of normality and 

homoscedasticity.  Subsequently, we performed a one -way analysis of var iance (ANOVA) 

and then applied Tukeyõs HSD post hoc  test at a 5% significance level.  

 

RESULTS AND DISCUSSION  

 

In this study, first of all the tolerance of the strains to LA was tested in MRS or 

Elliker broth , since several studies have reported that LA can  retard or inhibit the growth 

of some bacteria (Gorissen et al., 2010; Jiang, Björck, & Fondén, 1998; Nieuwenhove et al., 

2007a) . The concentration of LA used in this study was based on the concentration (0.5 

mg/mL) of this fatty acid in sheepõs milk (De La Fuente et al., 2009) , which would mean 

that the CLA -producing strains could grow  in sheep milk.  

Of the 85 strains tested, only 6 strains showed inhibited growth and one did not 

grow after 48 h incubation ( Table 1 ), which was in agreement with the antimic robial effect 

of free LA on LAB (Alonso, Cuesta, & Gilliland, 2003) . These results confirm that inhibition 

of LAB growth by LA is strain - and not species -dependent, as has also been reported by 

Gorissen et al. (2010)  in their study of Bifidobacterium species. 

Determination of CLA production by bacteria is usually performed by fat extraction 

and methylation of fatty acids followed by gas chromatography analysis. El -Salam, El -

Shafei, Sharaf, Effat, and El -Aasar (2010)  have reported that although this method g ives 

good results, it is time consuming and requires expensive equipment. Consequently, we 

decided to use a method based on spectrophotometric measurement of the conjugated 

double bond in the fatty acids, which is a less expensive and time consuming techni que. 

This method offers advantages when screening a large number of samples, as was the case 

in this study.  

Of all the strains tested, only 2 L. casei subsp. casei and 4 L. plantarum  strains were 

capable of synthesising CLA from free LA  (Table 3 ). Lactobac illus are non -starter lactic acid 

bacteria (NSLAB) which play a role in cheese ripening, and thus their study as a potential 

co-culture is of particular interest.  

Several studies have reported that the CLA concentration produced by LAB strains 

can be affec ted by various factors, including incubation time and pH (El-Salam et al., 

2010; Rodríguez -Alcalá et al., 2011) . Mean CLA production by bacteria at different 

incubation times was calculated using the calibration curve described above. All strains 

showed a statistically significant increase ( P Ò 0.001) in CLA synthesis from 24 h to 48 h 

incubation, indicating that incubation time is an important factor to consider in CLA 

production by Lactobacillus strains  (Table 3 ). L. plantarum TAUL 1588 strain produced th e 

most CLA after 24 h and 48 h incubation, yielding values similar to those reported by 

Rodríguez -Alcalá et al. (2011)  for a strain of the same species, using the same method and 
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by Terán et al. (2015)  using the gas chromatography analysis.  This strain is therefore of 

great interest due to its high rate of CLA production which opens the  opportunity to study 

this autochthonous strain as a co -culture for the possible development of functional dairy 

products.  

 
Table 3. CLA strains producers in this study and C LA concentration a detected in the culture medium b 

for 24 and 48 hours of incubation.  

aResults as mean val ues of duplicate determination expressed as µg/mL (coefficient of variation, RSD).  
bCLA concentration in µg/ml of MRS medium with free LA (0.5 mg/mL) for 24 h and for 48 h calculated 
spectrophotometrically at wavelength of 233 nm from the linear trend of t he standard curve.  
*** P Ò 0.001.  

L. casei subsp. casei SS 1644 was the strain that produced the lowest concentration 

of CLA at 24 h incubation, while L. casei subsp. casei SS 1614 produced the lowest 

concentration at 48 h. In general, L. casei subsp. casei was less efficient at producing CLA 

than L. plantarum . Although some authors have indicated that the ability of LAB to 

produce CLA is strain -dependent, these results suggest the need to continue studying the 

pathway and mechanism of CLA production by LAB.  

The initial pH of the culture medium (5.92 - 6.12) decreased to values of 3.85 - 4.00 

at 24 h and remained at that level or decreased slightly after 48 h incubation. The  L. 

plantarum TAUL 1539 and TAUL 1588 strains produced the greatest drop in the pH 

medium after 24 h and 48 h , and also produced the highest CLA concentration at these 

incubation times.  

It should be borne in mind that the spectrophotometric method employed does not 

detect the different CLA isomers (Barrett et al., 2007) , which would be of interest since the 

prope rties beneficial to human health are mainly related to two CLA isomers: cis-9, trans -

11 C 18:2 and trans -10, cis-12 C 18:2 . In addition, the trans -9, trans -11 C 18:2 isomer is being 

studied because of its potential anti -carcinogenic effects on human colon cancer  cell lines 

(Coakley et al., 2006) , and its capacity to induce the expression of genes involved in lipid 

metabolism (Ecker, Liebisch, Patsch, & Schmitz, 2009) . For this reason and for the good 

capacity of the studied Lactobacillus  strains to produce CLA, i t would be of interest to 

conduct further and more specific studies on these autochthonous LAB strains.  

The presence of the gene encoding linoleate isomerase in the CLA -producing strains 

was identified in this study  (Figure 1 ). Linoleate isomerase is the e nzyme responsible for 

the production of CLA from LA as a substrate in LAB (Chen, 2012; Gorissen et al., 2011). 

PCR products were detected as a single band. In the case of the L. plantarum  strains, the 

approximate size of the detected band was 500 bp, while  in case of the two  L. casei subp. 

casei strains, it was 600 bp. This gene was also detected in some of the strains that did not 

produce CLA (Figure  2), indicating that the presence of a gene does not imply the 

Strain  24  48  Time effect  

Lactobacillus casei casei  SS 1644  2.43 (5.05)  6.51 (3.14)  ***  

Lactobacillus casei casei SS 1614  3.01 (2.63)  6.40 (1.42)  ***  

Lactobacillus plant arum  TAUL 1522  4.88 (2.13)  6.74 (2.73)  ***  

Lactobacillus plantarum TAUL 1539  7.52 (1.28)  13.52 (2.31)  ***  

Lactobacillus plantarum TAUL 1588  10.50 (2.80)  19.26 (2.07)  ***  

Lactobacillus plantarum TAUL 1795  3.89 (2.00)  6.83 (2.93)  ***  
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production of the relative compound. Therefor e, strains should be genetically characterized 

at first and then evaluated for the production. The non -production of CLA in strains 

containing the gene  can be explained according to Gorissen et al. (2011), because the 

linoleate isomerase gene may be presen t in the strains, but its expression can be affected 

by various factors, such as pH or temperature, and these effects are in turn strain -

dependent.  

 

 

 

 

 

None of the CLA -producing strains produced GABA, and vice versa . This fact opens 

new perspectives f or the study of the existence of  possible mechanisms that may interfere 

in the joint production of CLA and GABA by LAB.  

Ten of the 85 strains studied were identified as GABA producers ( Table 4 ). These 

strains were: L. lactis  subp. lactis  (GE 61, GE 118, GE  102, GE 103) and L. brevis  (TAUL 

141, TAUL 174, TAUL 69, TAUL 70, TAUL 179, TAUL 195). These results indicate the 

variability between strains of the same species and confirm that the capacity to synthesise 

GABA is strain -dependent, as indicated by Siragus a et al. (2007) . 

Dhakal, Bajpai, and Baek (2012) have reported that different fermentation factors, 

including incubation time, can affect GABA synthesis by microorganisms. Table 4  shows 

Figure  1. Linoleate isomerase gene detection of the strains selected as CLA producers.  
 

Figure  2. Linoleat e isomerase gene detection of some no CLA producing -strains . 
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the evolution of GABA production by the strains studied over various in cubation times in 

culture medium supplemented with MSG. All strains showed a statistically significant 

increase in GABA synthesis ( P Ò 0.05) from 24 h to 72 h incubation. This is in agreement 

with a study by Wu and Shah (2015) , who reported an increase in GABA production by 9 

LAB strains after 72 h incubation in MRS medium supplem ented with 50 mg/mL of MSG 

as substrate.  

 
Table 4. GABA s trains producers in this study and GABA concentration a detected in the culture 
medium b for 24, 48 and 72 hours of incubation.  

Strain  24  48  72  
Time 
effect  

Lactococcus lactis  lactis  GE 61  280.51 (3.20)  468.66 (1.07)  668.10 (1.48)  ***  

Lactococcus lactis  lactis  GE 118  245.05 (2.43)  282.02 (3.74)  516.87 (1.97)  ***  

Lactococcus lactis  lactis  GE 102  95.44 (4.62)  279.04 (1.71)  573.74 (1.49)  ***  

Lactococcus lactis  lactis  GE 103  267.16 (7.44)  678.33 (1.68)  766.38 (2.78)  ***  

Lactobacillus brevis  TAUL 141  1350.36 ( 2.32)  1378.04 (0.31)  2492.51 (2.54)  ***  

Lactobacillus brevis  TAUL 174  1046.78 (2.43)  1161.06 (3.69)  1820.25 (1.64)  ***  

Lactobacillus brevis  TAUL 69  927.52 (1.22)  1024.15 (2.29)  1306.85 (6.42)  ** 

Lactobacillus brevis  TAUL 70  1949.82 (3.05)  2068.50 (0.65)  2442.74 (0.90)  ** 

Lactobacillus brevis  TAUL 179  1819.85 (4.77)  2112.66 (4.98)  2310.63 (7.69)  ** 

Lactobacillus brevis  TAUL 195  2003.71 (2.19)  2333.07 (3.80)  2524.05 (8.83)  ** 

aResults as mean values of duplicate determination expressed as µg/mL (coeffic ient of variation, RSD).  
bGABA concentration in µg/ml of MRS or Elliker broth with monosodium glutamate (5 mg/mL) for 24, 48 and 
72 h.  
**P Ò 0.01; *** P Ò 0.001.   

The strain that produced the highest GABA concentration was L. brevis TAUL 195 

after 72 h incu bation,  synthesizing 2524.05 µg/mL, which makes it a very interesting 

autochthonous strain to be used as a co -culture.  

These findings indicate that the  L. brevis strains were more efficient at producing 

GABA than  L. lactis strains, coinciding with the res ults reported in other studies (Barrett et 

al., 2012; Zhang et al., 2012) . 

The glutamate decarboxylase system, which is composed of GAD and the glutamate 

ð GABA antiporter, is responsible for the production of GABA in LAB (Li, Li, Liu, & Cao, 

2013) . In thi s study, we also tested the presence of the genes encoding the GAD enzyme 

and the glutamate ð GABA antiporter in GABA -producing and in GABA -not producing 

strains ( Figures 3 and 4 ).  

The presence of both genes was detected only in the four GABA -producers L. lactis 

strains ( Figure 3 ). These results highlight  the possibility of using this technique as a 

method for screening of L. lactis GABA- producing strains based on the presence of these 

genes, although this should be studied in a larger number of strains.  

Nomura et al. (1999) noted that L. lactis contains only one glutamate decarboxylase 

gene, as was observed in our study. However, in L. brevis, two different GAD encoding 

genes were detected as Li et al. (2013) indicated. The three genes encoding the glutam ate 

decarboxylase system were detected in all the GABA - producer L. brevis  (Figure 4 ).  
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CONCLUSIONS  

 

Considering the health benefits of CLA and GABA, the good ability of the studied 

autochthonous strains ( L. plantarum  TAUL 1588 and L. brevis  TAUL 1 95) to produce these 

Figure  3. Glutamate decarboxylase and glutamate -GABA antiporter genes detection of 
Lactococcus lactis  strains.(1) gene 1 encoding glutamate decarboxylase; (2) gene encoding 

glu tamate -GABA antiporter.  
 

 

Figure  4. Glutamate decarboxylase and glutamate -GABA antiporte r genes detection of 
Lactobacillus brevis  strains.(1) gene 1 encoding glutamate decarboxylase; (2) gene 2 encoding 

glutamate decarboxylase; (3) gene encoding glutamate -GABA antiporter.  
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bioactive compounds, could contribute to the development of starters that can be used in 

the manufacture of functional dairy products.  

To the best of our knowledge, this is the first study to report the importance of the 

presence of ge nes to screen CLA and GABA producer -strains. This fact also opens the way 

for further studies to understand the mechanisms involved in the production of these 

bioactive compounds by LAB.  
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Abstract  

 

 

Consumer concern  about the relationship between food and health has generated a 

growing interest in functional foods. Conjugated linoleic acid (CLA) has been associated 

with several beneficial health properties. Therefore, this study reports the design of co -

cultures cont aining CLA -producing strains and their performance in MRS and in skim 

milk.  

The four designed co -cultures were tested under different conditions. In MRS, co -culture 2 

(containing autochthonous Lactococcus lactis  strains and Lactobacillus plantarum  TAUL 

1588) was the highest CLA -producer (98.01 µg/mL) after 48 h incubation. In milk, the 

highest total CLA production (56.51 µg/mL) was reached with co -culture 4 (containing 

autochthonous Lactococcus lactis , Lactobacillus plantarum  TAUL 1588 and Lactobacillus 

casei SS 1644) after 72 h.  

These results open the way for the use of co -cultures containing CLA -producing strains to 

manufacture cheese and obtain functional dairy products rich in bioactive fatty acids.  
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INTRODUCTION  

 

Conjugated linoleic ac id (CLA) consists of a group of positional and geometric 

isomers of octadecadienoic acid with a system of conjugated double bonds which have 

been associated with several properties that are beneficial for human health, such as: anti -

carcinogenic, antiather ogenic and antiobesity effects and modulation of the immune 

system (Coakley et al., 2006; Ecker, Liebisch, Patsch, & Schmitz, 2009; Kim et al., 2016; 

Yang et al., 2015) . The main CLA isomers attributed with these beneficial properties are 

cis-9, trans -11 C 18:2, trans -10, cis-12 C 18:2 and trans -9, trans -11 C 18:2 .  

CLA is naturally found in foods derived from ruminants because it is produced as 

an intermediary in biohydrogenation of polyunsaturated fatty acids, by the action of the 

enzymes of various anaerobic b acteria in the rumen. It is also synthesised in the mammary 

gland by the action of the Ǥ-9 desaturase enzyme on vaccenic acid, which is another 

intermediary in ruminal biohydrogenation (Rodríguez -Castañedas, Peña -Egido, García -

Marino, & García -Moreno, 2011 ). CLA content in milk and dairy  products ranges between 

0.68% and 0.12% of total fat (Luna, Juárez, & de la Fuente, 2007) . At present, the 

estimated human intake of CLA from food sources is insufficient to obtain the potential 

effects against cancer, athe rosclerosis and obesity reported in studies on animal models 

(Watkins & Li, 2003) . Such effects would require a much higher consumption of milk and 

dairy products than the normal intake provided in a standard diet. Consequently, various 

methods are being e xplored to increase the content of this beneficial compound in 

fermented dairy products, being the use of starter cultures containing CLA -producing 

strains during manufacture as a the possible strategies  (Andrade et al., 2012) . Some 

studies have examined t he capacity of certain lactic acid bacteria (LAB) and bifidobacteria 

to synthesise CLA from linoleic acid (LA) as substrate, finding that various strains are 

capable of producing significant amounts of CLA (Alonso, Cuesta, & Gilliland, 2003; 

Gorissen et al ., 2010) . However, there is no knowledge about the design of co -cultures 

which could produce CLA in culture medium or skim milk supplemented with LA during 

different incubation times, in order to know the optimal conditions for CLA production.  

The objectiv es of this study were to: (i) quantify CLA production by LAB in culture 

medium and in skim milk supplemented with free LA at different incubation times; (ii) 

design co -cultures containing CLA -producing strains; and (iii) quantify CLA production by 

those co -cultures in the synthetic medium and in skim milk supplemented with free LA at 

different incubation times. Consequently, the overall aim of the present study was to 

obtain co -cultures that not only contributed actively to cheese ripening, but were also 

capable of generating bioactive compounds, thus increasing CLA content in cheese and 

could obtain functional dairy foods.  

 

MATERIALS AND METHODS  

 

Strains, co -cultures, media and growth conditions for CLA production  

In a previous study, of the 85 strains isol ated from three traditional Spanish 

cheeses (Armada cheese, Genestoso cheese and San Simon da Costa cheese) and  

technological ly characterized (González, Cuadrillero, Castro, Bernardo, & Tornadijo, 2015; 

Herreros, Fresno, González Prieto, & Tornadijo, 2003)  only six autochthonous LAB strains 
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showed the capacity to synthesize  CLA. In this previous study, the screening of the strains 

capable of converting free LA to CLA was carried out following the method described by 

Barrett, Ross, Fitzgerald, and Stanton (2007) , which is based on spectrophotometric 

detection of CLA. These six strains were selected for this study and were: Lactobacillus 

plantarum  TAUL 1539, TAUL 1588, TAUL 1795 and TAUL 1522, and Lactobacillus casei 

subsp. casei SS 1614 and SS 1644. Prior to examination of CLA production, each strain 

was subcultured twice at 30ºC for 24 h in MRS broth (Oxoid, Hampshire, UK) for 

Lactobacillus  or in M17 broth (BD Difco, New Jersey, USA) for Lactococcus lactis . These 

activated cultures were transferred at 5% (v/v ) to MRS broth and reconstituted skim milk 

at 10% (w/v) in deionised water containing 0.5 mg/mL of LA (Sigma, St. Louis, MO, USA). 

The LA was added as a 30 mg/mL stock solution containing 2% (v/v) Tween 80 

(polyoxyethylene sorbitan mono -oleate; Merck -Schuc hardt, Hohenbrunn, Germany) and 

was previously filter sterilized through a 0.45 µm Minisart filter (Sartorius AG, Goettingen, 

Germany) and stored i n the dark at -20ºC until use. The cultures were incubated at 30ºC 

for 24, 48 and 72 h to determine optimal c onditions for CLA production. Total viable 

counts (CFU) were determined by plating serial dilutions on MRS agar (Oxoid, Hampshire, 

UK) and the pH value of the cultured media was determined using a pH meter (Mettler 

Toledo, Columbus, Ohio, USA) equipped wit h a combined electrode.  

Based on the CLA production results obtained with the strains studied, four co -

cultures  (Figure 1) were designed consisting of Lactococcus lactis  (60%, v/v) and 

Lactobacillus  (40%, v/v) strains, having previously verified compatibil ity between strains by 

means of the agar spot test (Schillinger & Lücke, 1989) . The activated co -cultures were 

transferred at 5% (v/v) to the MRS broth or the skim milk containing 0.5 mg/mL of LA and 

incubated at 30ºC for 24, 48 and 72 h. All experiments w ere carried out in duplicate.  

 
 

 
 
 
 
 

Figure  1. Description of each co -culture designed with Lactococcus lactis (commercial or 
autochthonous) strains and CLA -producing Lactobacillus strains.  
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Quantification of CLA production by gas chromatographic analysis  

Lipids were extracted from samples using the method described by Coakley et al. 

(2003)  and fatty acids methyl esters (FAMES) were prepared by acid -catal ysed 

methanolysis of glycerides (12% methanolic HCl) (Supelco, Bellefonte, PA, USA) following 

the above -mentioned method. Heptadecanoic acid (C 17:0) was used as internal standard. 

FAMES were analysed by gas chromatography (GC) and the chromatographic syst em 

consisted of an Agilent 7890 B Chromatography System (Agilent Technologies, Santa 

Clara, CA, USA) equipped with an Agilent 80 Series Injector (Agilent Technologies, Santa 

Clara, CA, USA) and fitted with a flame ionisation detector (FID).  

FAMES separatio n was carried out using a Chrompak CP - Sil 88 capillary column 

(0.2 µm particle size, 100 m x 0.25 mm I.D.) (Chrompack, Middelburg, Netherlands). 

Helium was used as a carrier gas at a flow rate of 1 mL/s. The injector temperature was 

held isothermally at 225ºC for 10 min and the detector temperature was 250ºC. The 

column oven was held at an initial temperature of 140ºC for 8 min and then programmed 

to increase at a rate of 8.5ºC/min to a final temperature of 200ºC, which was held for 41 

min. Samples (1 µL)  were injected by splitless injection.  

In order to determine the time of elution of each of the methyl esters of the CLA 

isomers and linoleic acid, and thus be able to identify and quantify them from the 

chromatograms, we prepared a series of dilutions fro m individual standard solutions of the 

three CLA isomers of interest in this study ( cis-9, trans -11 C 18:2 ; trans -10, cis-12 C 18:2 ; 

trans -9, trans -11 C 18:2 ) (Larodan Fine Chemicals AB, Malmö, Sweden) and from a standard 

solution of linoleic acid (Sigma -Aldrich  Co., St. Louis, MO, USA). This enabled us to obtain 

calibration curves for each of the FAMES under study and to quantify those present in the 

culture medium and in skim milk for the different strains studied. The CLA concentration 

naturally present in the  skim milk media used in this study was subtracted from the 

analysed samples. The individual fatty acid content in the samples was expressed as 

µg/mL of broth or skim milk.  

 

Statistical analysis  

All experimental data obtained on CLA production by LAB and c o-cultures at 

different incubation times were statistically analysed using SPSS v.21 (SPSS, Chicago, IL, 

USA). The variables studied were tested for the assumptions of normality and 

homoscedasticity.  Subsequently, we performed a one -way analysis of varianc e (ANOVA) 

and then applied Tukeyõs HSD post hoc  test at a 5% significance level.  

 

RESULTS AND DISCUSSION  

 

CLA production by strains  

In the present study, 4 strains of Lactobacillus plantarum (TAUL 1539, TAUL 1588, 

TAUL 1795 and TAUL 1522) and 2 strains of Lactobacillus casei subsp.  casei  (SS 1614 and 

SS 1644), previously identified as CLA producers, were assayed for their capacity to 

transform LA into CLA in MRS or skim milk medium supplemented with 0.5 mg/mL of LA. 

Different incubation times (24, 48 and 72  h) were simultaneously assayed by GC to 

investigate these effects on CLA formation. This conjugated fatty acid has attracted much 

attention as a novel type of biologically beneficial functional lipid (Ogawa et al., 2005) . 
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The results presented in this pap er showed that the optimal incubation time for 

total CLA production by all strains in MRS and skim milk was 48 h, as described by 

Rodríguez -Alcalá, Braga, Malcata, Gomes, and Fontecha (2011) , although Alonso et al. 

(2003)  found no significant differences i n CLA production by Lactobacillus  strains after 24 

h of incubation. Nieuwenhove, Oliszewski, Gozález, and Chaia (2007)  have reported a 

relationship between the growth phase of the bacteria and the concentration of total CLA 

detected in the culture medium. The highest concentration of total CLA at 48 h may be 

related to the increase of the viable cell count compared to 24 h ( Figure 2 ). Total CLA levels 

in the growth medium decreased significantly ( P Ò 0.05) after 72 h incubation. This could 

be due to oxidati on reactions and oxidation metabolism carried out by the corresponding 

strain, which would favour a reaction towards catabolism of this compound (Ogawa, 

Matsumura, Kishino, Omura, & Shimizu, 2001; Rodríguez -Alcalá et al., 2011; Wang, Lv, 

Chu, Cui, & Ren, 2 007) . 

 
 
 

 
 

 

 

 

The formation of total CLA was affected by the different media used. The capacity of 

Lactobacillus plantarum  strains to produce total CLA was greatly reduced when they were 

grown in skim milk. However, in the case of Lactobacillus casei sub sp. casei  strains, CLA 

biosynthesis was more efficient in skim milk, reaching total CLA values at 48 h of 

incubation similar to those produced by Lactobacillus plantarum  TAUL 1588 in MRS over 

the same time period. After 24 h incubation in skim milk, Lactob acillus plantarum  TAUL 

1588, TAUL 1795 and TAUL 1522 were unable to synthesise CLA, and Lactobacillus 

plantarum  TAUL 1539 synthesised only 1.43 µg/mL of total CLA. However, Lactobacillus 

casei  subsp. casei  SS 1614 and SS 1644 produced 27.16 and 26.52 µg/mL  of total CLA, 

respectively (data not shown). The reason for this is still unclear, but might be due to the 

fact that as Gorissen et al. (2011)  have indicated, different environmental factors such as 

Figure  2. Viable cell count of each strain studied (A) in MRS broth and (B) in r econstituted skim 
milk (RSM) after 24, 48 and 72 h of incubation at 30ºC.  


