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“El problema de la humanidad es que los estupidos estdn seguros de todo y los

inteligentes estan llenos de dudas.” Bertrand Russell.

“De las personas muy inteligentes comenzamos a desconfiar cuando se quedan

perplejas.” Friedrich Nietszche.
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ABREVIATURAS

- a*: Indice de rojo

- AN: Nitrégeno aminoacidico

- ANCOVA: Analisis de covarianza

- b*: Indice de amarillo

- BF: Musculo biceps femoris

- CIE: Comite International de L’Eclairage

- CITA: Centro de Investigacidn y Tecnologia Agroalimentaria de Aragén
- Cjp: Saturacién, croma o cromaticidad

- CP: Proteina bruta

- Ay, Diferencia de color entre dos estimulos
- e.e.: Error estandar

- FL: Florida

- GU: Cabra del Guadarrama

- hap: Tono o color verdadero

- HCW: Peso de la canal caliente

- IMF: Grasa intramuscular

- JND: Minima diferencia de color perceptible
- L*: Luminosidad

- LL: musculo longissimus lumborum

- LT: musculo longissimus thoracis

- MA: Majorera

- MR: Sistema de lactancia con lactoreemplazante
- MS: Materia seca

- MUFA: Acidos grasos monoinsaturados

- n.d.: No detectado

- NM: Sistema de lactancia con leche natural de la madre
- NPN: Nitrégeno no proteico

- PC: Componente principal de un PCA

- PCA: Andlisis de componentes principales

- PL: Palmera

- PUFA: Acidos grasos poliinsaturados

- PY: Payoya

- RE: Retinta

- s.e.: standard error

- SFA: Acidos grasos saturados

- SM: Musculo semimembranosus

- ST: Musculo semitendinosus

- Tl: Tinerfefa

- VE: Verata

- VL: Vértebra lumbar

- VOC: Compuestos volatiles organicos

- VT: Vértebra toracica

- CL: Cluster o conglomerado
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Resumen

RESUMEN

Espafa es un gran productor de leche y carne caprina, pero existen desequilibrios
entre las zonas de cria de los animales y las zonas de sacrificio y consumo, lo que
demuestra deficiencias estructurales en el modelo de comercializacién. Por otra parte,
el consumo de carne de ovino y caprino ha disminuido un 48 % en la ultima década. Los
problemas estructurales y la caida del consumo, sitian a 19 de las 22 razas espafiolas al
borde de la extincion. Existe muy poca bibliografia cientifica sobre la calidad
instrumental y sensorial de la carne de cabritos ligeros, que seria de gran utilidad para
tomar decisiones que pudieran ayudar a la rentabilidad del sector caprino. Con este
objetivo, se estudio la calidad instrumental y sensorial de la carne de cabrito de 8 razas
autdéctonas. Se criaron un total de 246 cabritos, de las razas Florida, Cabra del
Guadarrama, Majorera, Palmera, Payoya, Retinta, Tinerfefia y Verata. La mitad de los
cabritos fueron alimentados con lactoreemplazantes y la otra mitad se crio con leche
materna. Los animales se sacrificaron a un peso vivo medio de 8,47 kg + 0,077 kg y un
peso de canal caliente de 4,97 kg + 0,061 kg. Se analizd la composicién proximal y de
acidos grasos de la leche y el calostro. En la carne, se estudid el pH, la composicién
proximal, el perfil de acidos grasos, el color instrumental, la textura y los compuestos
volatiles, y se analizé la calidad sensorial mediante pruebas con consumidores. Ademas,
se realizaron tres encuestas de valoracion visual a consumidores, una presencial con
producto real y dos online con fotografias. También se analizé la composicidn proximal

y de acidos grasos de la leche y el calostro.

El calostro tuvo mds proteina y grasa y menos lactosa que la leche. Sin embargo,
la leche tuvo una composicion quimica constante durante el tiempo estudiado. Se
observd que el efecto del sistema de lactancia sobre la textura, el color, el perfil de
acidos grasos y los compuestos volatiles de la carne de cabrito lechal ligero estuvo
condicionado por la raza. Independientemente de la raza y del sistema de lactancia, la
carne de cabrito lechal ligero presentd valores muy bajos de fuerza de cizalla Warner-
Bratzler y de dureza, en comparacién con la carne de otras especies. Por lo tanto, la
dureza de la carne de cabrito lechal ligero no es un factor condicionante al elegir raza o

sistema de lactancia, tanto por parte del ganadero como del consumidor. En carne
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cocinada se vio que si el pH era mayor de 5,6 la carne era menos dura, pero presentd
mayor cohesividad y adhesividad. La aparicién de pH mayores de 6 fue mas frecuente

en cabritos alimentados con lactoreemplazantes.

Respecto a la composicion de acidos grasos, la carne de las razas lecheras tuvo
mayor porcentaje de acidos grasos poliinsaturados trans y de la mayoria de los isémeros
del 4cido C18:1 pero menor porcentaje de acidos grasos monoinsaturados y CLA que la
carne de razas cdrnicas. La carne de cabritos alimentados con lactancia natural tuvo
mayor porcentaje de CLA y de acidos grasos de cadena ramificada, especialmente en las
razas Palmera y Retinta, y menor cantidad de acidos grasos omega 6, excepto en la raza
Retinta, que la carne de cabritos alimentados con lactoreemplazantes. La presencia de
acidos grasos de cadena ramificada en la carne de cabritos lechales, que aln no tienen
un rumen funcional, prueba que estos provienen de la leche materna. En consecuencia,
podrian aparecer en cabritos muy jévenes los olores tipicos a cabra que proporcionan

estos acidos y que son mas propios de animales adultos.

La presencia de hexanal, que fue el aldehido que aparece en mayor proporcion,
estuvo relacionado con el uso de leche natural. Ademas, el hexanal estuvo
correlacionado positivamente con la aceptabilidad del flavor y la aceptabilidad general
de la carne por parte de los consumidores. La aceptabilidad sensorial de los cabritos de
lactancia natural fue mayor para los consumidores de mayor edad y para los
consumidores con un consumo de carne moderado. El resto de los consumidores no fue

capaz de encontrar diferencias sensoriales en funcién del sistema de lactancia.

El color de la carne fue el principal atributo usado por los consumidores para
valorar visualmente la apariencia de la carne de manera consistente en todos los
segmentos sociodemograficos. Concretamente, la luminosidad y el tono de la carne

fueron los principales atributos usados, con mayor importancia que el indice de rojo.

La apariencia de las chuletas de pierna de cabrito lechal ligero alimentado con
lactoreemplazantes fue mejor valorada que la de cabrito alimentado con leche natural,
tanto cuando se valoraba la chuleta in situ como cuando se valoré mediante encuesta
online. Ademas, esta mejor apariencia de las chuletas de cabrito lechal ligero alimentado

con lactoreemplazantes se mantuvo a lo largo del tiempo de exposicidon en vitrina,
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permitiendo alargar el tiempo de vida atil. Esta mayor preferencia del consumidor por
la carne de cabrito alimentado con reemplazantes fue debida a que tenia mayor
luminosidad y tono, y menor saturacion. El iluminante D65 fue mas adecuado que los
iluminantes A y C para relacionar la valoracion visual de la carne con el color
instrumental. La minima diferencia apreciable de color por el consumidor fue similar al
evaluar la carne o fotos de la carne. Asi, las encuestas web con fotografias pueden

conseguir una informacién similar a la de las encuestas con producto real.
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Abstract

ABSTRACT

Spain is a large producer of goat milk and meat, but there are disproportions
between the areas of animal husbandry and those of slaughter and consumption, which
shows structural deficiencies in the marketing model. In addition, the consumption of
sheep and goat meat has decreased by 48% in the last decade. The structural problems
and the fall in consumption put 19 of the 22 Spanish breeds on the brink of extinction.
There is very little scientific literature on the instrumental and sensory quality of
lightweight kid meat, which would be very useful for making decisions that could help
the profitability of the goat sector. With this objective, the instrumental and sensory

guality of the meat of kids from eight autochthonous breeds was studied.

A total of 246 kids from the breeds Florida, Guadarrama, Majorera, Palmera,
Payoya, Retinta, Tinerfefia, and Verata were raised. Half of the kids were fed a milk
replacer, and the other half was raised on mother’s milk. The animals were sacrificed at
an average live weight of 8.47 + 0.077 kg and a warm carcass weight of 4.97 + 0.061 kg.
The proximal and fatty acid compositions of the milk and colostrum were analysed, and
in meat, the pH, proximal composition, fatty acid profile, instrumental colour, texture,
and volatile compounds were studied, and sensory quality was analysed by consumer
tests. In addition, three consumer visual assessment surveys were conducted, one in
person, with a real product, and two online, with photographs. The proximal and fatty

acid compositions of the milk and colostrum were also analysed.

Colostrum had more protein and fat and less lactose than milk did. However, milk
had a constant chemical composition during the study period. It was observed that the
effects of the lactation system on the texture, colour, fatty acid profile, and volatile
compounds of lightweight suckling kid meat were conditioned by the breed. Regardless
of the breed and lactation system, lightweight suckling kid meat presented very low
Warner-Bratzler shear strength and hardness values compared with those of the meat
from other species. Therefore, the hardness of lightweight suckling kid meat is not a
determining factor when choosing the breed or lactation system, by both the farmer

and the consumer. In cooked meat, it was observed that if the pH was greater than 5.6,
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the meat was less hard but presented greater cohesiveness and adhesiveness. The

appearance of pH greater than 6 was more frequent in kids that were fed milk replacers.

Regarding the fatty acid composition, the dairy breed meat had a higher
percentage of polyunsaturated trans fatty acids and most of the C18:1 acid isomers but
a lower percentage of monounsaturated fatty acids and conjugated linoleic acid (CLA)
than the beef breed meat. The meat of kids fed the natural breast milk had a higher
percentage of CLA and branched-chain fatty acids, especially in the Palmera and Retinta
breeds, and a lower amount of omega-6 fatty acids, except in the Retinta breed, than
did the meat of kids fed milk replacers. The presence of branched-chain fatty acids in
the meat of suckling kids, which do not yet have a functional rumen, proves that these
fatty acids come from breast milk. Consequently, the typical goat odours, which are
provided by these acids and are more typical of adult animals, could appear in very

young kids.

The presence of hexanal, which is an aldehyde that appears in a greater
proportion, was related to the use of natural milk. In addition, hexanal was positively
correlated with the acceptability of the flavour and the general acceptability of the meat
by consumers. The sensory acceptability of the meat of kids that were fed the natural
breast milk was higher for older consumers and for those with moderate meat
consumption. The rest of the consumers were not able to find sensory differences

depending on the lactation system.

The colour of the meat was the main attribute consistently used by consumers
in all sociodemographic segments to visually assess the appearance of the meat. In
particular, the luminosity and tone of the meat were the main attributes used, with a

greater importance than that of the red index.

The appearance of leg chops from lightweight suckling kids that were fed the
milk replacer was valued higher than that from kids fed natural milk, both during in situ
assessments and using an online survey. In addition, this better appearance of leg chops
from lightweight suckling kids that were fed milk replacers was maintained throughout
the showcase exposure, allowing an extension of the shelf life. This greater consumer

preference for the meat from milk replacer-fed kids was due to its greater luminosity
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and hue and lower saturation. llluminant D65 was more suitable than were illuminants
A and C to relate the visual assessment of meat with the instrumental colour. The
minimum colour difference appreciable by the consumer was similar when evaluating
meat or meat photographs. Thus, web surveys with photographs allow obtaining

information similar to that of surveys with real products.
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Introduccion

1.SITUACION DEL SECTOR CAPRINO. CENSOS Y PRODUCCIONES

Espana es el segundo pais productor de ganado caprino de la Unidn Europea con
2.764.000 cabezas, solo superada por Grecia, con 3.625.000 cabezas (Eurostat, 2019).
Como se puede observar en la Figura 1, el censo de ganado descendié paulatinamente
entre los afnos 2008 y 2012 debido a la desaparicion de casi 3.500 explotaciones, para
luego remontar y alcanzar el maximo de 3.088.582 cabezas en 2017. Esta fragilidad del
sector se ve potenciada por el tamafio de las explotaciones, que va de 38 a 41 cabezas
por explotacién de media. Debido a esta fragilidad de las explotaciones, la subida de
precios de los insumos obligé al sacrificio de rebafios lecheros por la falta de rentabilidad
de los mismos en 2011 (SEOC, 2013) La produccidon cdrnica de ovino y caprino
representd en 2017 el 2,5 % de la Produccién Final Agraria nacional y el 6,6 % de la
Produccién Final Ganadera, mientras que la produccién de leche de cabra supuso un 1,6

% de la Produccion Final Ganadera (MAPA, 2018a).

Figura 1. Censo caprino y nimero de explotaciones en Espaia (afios 2007-2018)
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Fuente: Elaboracién propia a partir de datos de Eurostat (2019) y MAPA (2018a).
En 2018, Espafia tuvo una produccion de 461.400 toneladas de leche de cabra
(MAPA, 2019d), aproximadamente una quinta parte de la produccién de leche de cabra

de la UE. De la produccién que no se exporta, el 89 % pasé a la industria para la

elaboracién de quesos y productos lacteos y el resto se destind a la elaboracion de
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guesos artesanales en la propia explotacion (MAPA, 2018b). Ademas de la gran
importancia de la produccidon de leche de cabra, el cabrito también supone una
produccién importante del sector caprino, suponiendo un 20 % de los ingresos totales

por cabra de la explotacion lechera (Castel et al., 2012).

Figura 2. Porcentaje de cabezas de ganado caprino por Comunidad Auténoma en 2018.

Fuente: Elaboracién propia a partir de datos del MAPA (2019b).

Como se observa en la Figura 2, existe un gradiente descendiente de cabezas de
ganado caprino que va de Sur a Norte de Espafa. En Andalucia se mantiene mas de un
tercio del censo espanol, seguido de Extremadura, Castilla La Mancha y Murcia que
aunan otro tercio del censo. Finalmente, el resto de Espafia acumula el tercio restante
del censo caprino. Las Comunidades Autdnomas de mayor nimero de cabritos lechales
sacrificados fueron Andalucia, las Islas Canarias, Cataluiia y Murcia. Las CC.AA. del norte
de Espafia, como Galicia, Principado de Asturias, Cantabria, Pais Vasco y Navarra
tuvieron una produccién de cabrito lechal casi testimonial menor del 1 % del total de
Espaia (Figura 3). Estos porcentajes son similares a los datos de sacrificio de lechales en

2015 de cada Comunidad Auténoma, pero hay un cambio notable en Extremadura que
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en 2015 sacrificd el 6 % de cabritos lechales, mientras que en 2018 sacrificé solo el 1,5
%. Comparando la distribucién de los censos ganado caprino en vivo (Figura 2) y la
distribucién de las cabezas de cabrito lechal sacrificadas (Figura 3) se puede observar
gue existen ciertos desequilibrios. Por ejemplo, Extremadura y Castilla La Mancha tienen
porcentajes de censo de animales vivos mucho mayores que los de sacrificios, mientras
que, por el contrario, en Castilla y Ledn, Canarias y Cataluiia, el porcentaje de sacrificio
de cabrito lechal es superior al que le corresponderia. Finalmente, los sacrificios de

cabrito lechal en Andalucia y Murcia si son coherentes con el censo de animales vivos.

Figura 3. Porcentaje de cabezas de cabrito lechal sacrificadas por Comunidad
Auténoma en 2018.

Fuente: Elaboracién propia a partir de datos del MAPA (2019b).

Estos desequilibrios entre las zonas de cria de los animales y las zonas de
sacrificio, comercializacion y consumo denotan graves problemas estructurales en la
estacionalidad de la produccién y el modelo de comercializacién (Panea et al., 2010b)
gue no acaban de resolverse. Este traslado de animales hace que el valor afiadido no
repercuta directamente en el productor, y que la calidad de la carne pueda verse influida

por las grandes distancias recorridas (Panea et al., 2008). De igual manera sucede con la
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leche; Andalucia, produce mas del 40 % de la leche de cabra espafiola, y sin embargo,
mas del 80 % de esta leche es transformada fuera de la regidn, ya sea en el resto de
Espafia o incluso en otros paises europeos (Castel et al., 2012). A pesar de la importancia
del ganado caprino en la Produccién Final Agraria y Ganadera, estos problemas
estructurales, junto con otros como pueden ser la despoblacién del medio rural y la falta

de rentabilidad, situan a 19 de las 22 razas espafiolas al borde de la extincién (Tabla 1).

Tabla 1. Categoria oficial y censo de las 22 razas autdctonas espaiolas (Afio 2018).
Raza Categoria Aptitud N° Censo (%)
cabezas

Murciano-Granadina? Fomento Lechera 108,002 39,88
Malaguefa? Fomento Lechera 37,168 13,72
Florida? Fomento Lechera 25,952 9,58
Majorerat Peligro de Extincion Lechera 13,951 5,15
Payoya! Peligro de Extincion Lechera 12,256 4,53
Verata? Peligro de Extincidn Lechera 9,503 3,51
Del Guadarrama? Peligro de Extincion Carnica 9,165 3,38
Blanca Celtibérica? Peligro de Extincidn Cérnica 8,920 3,29
Blanca Andaluza? Peligro de Extincion Carnica 7,948 2,93
Tinerfefa? Peligro de Extincion Lechera 6,941 2,56
Palmera? Peligro de Extincidon Lechera 6,570 2,43
Negra Serrana? Peligro de Extincidon Carnica 5,617 2,07
Blanca de Rasquera Peligro de Extincion Carnica 4,565 1,69
Bermeya Peligro de Extincion Carnica 2,873 1,06
Moncaina? Peligro de Extincion Carnica 2,747 1,01
Pirenaica? Peligro de Extincidn Carnica 2,272 0,84
Retinta? Peligro de Extincion Carnica 2,175 0,80
Azpi Gorri Peligro de Extincidon Cérnica 1,351 0,50
Agrupacion de las Mesetas Peligro de Extincién Carnica 1,268 0,47
Galega Peligro de Extincion Carnica 1,161 0,43
Eivissenca Peligro de Extincion Cérnica 285 0,11
Mallorquina Peligro de Extincion Carnica 160 0,06

! Razas utilizadas como material experimental en esta tesis.

2 Razas utilizadas como material experimental en el proyecto “Estudio integral del cabrito lechal
espafiol. Una propuesta de Indicacién Geografica Protegida y de Clasificacién. RTA2006-00177-
00-00”.

Fuente: Elaboracién propia a partir de datos del MAPA (2019a).

En Espafia podemos encontrar tres tipos comerciales de animales caprinos
destinados a la produccion cérnica (Alcalde et al., 2010): 1) el cabrito lechal, alimentado
principalmente con leche y sacrificado al mes o mes y medio de vida, con un peso vivo

gue puede oscilar entre 7y 11 kg. De estos animales se consiguen canales que van desde

30



Introduccion

los 4 kg hasta los 7 kg, aproximadamente. 2) el chivo, animal alimentado con leche
materna y los recursos obtenidos del pastoreo con su madre. Estos animales se
sacrifican con 4 0 5 meses de edad y con 20 a 30 kg de peso vivo, y es un tipo comercial
menos demandado. 3) el caprino mayor, procedente del desvieje de cabras de leche y

otros animales adultos y que es de poca importancia en el mercado.

Figura 4. Peso medio de la canal de cabrito lechal por Comunidad Autéonoma.

Fuente: Elaboracién propia a partir de datos del MAPA (2019b).

Segun la guia de etiquetado facultativo (BOE, 2011), para animales de edad
menor a los 5 meses, las canales de cabrito se clasificarian en lechal ligero, para canales
menores o iguales a 5 kg; lechal, para canales entre 5y 7 kg; y recental para canales de
peso superior a 7 kg e inferior o igual a 10 kg. El peso medio de la canal de cabrito lechal
en Espaiia fue de 5,1 kg, aunque hay variaciones por Comunidades Auténomas. Por una
parte, las Comunidades Auténomas del norte de Espafia, como Galicia, Principado de
Asturias, Cantabria, Pais Vasco y Navarra producen canales con un peso mayor de 6 kg,
mientras que Andalucia, las Islas Canarias, Cataluia y La Rioja produjeron canales con

un peso medio por debajo de 5 kg (Figura 4). Hay un gradiente creciente del peso de la
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canal desde el sureste de la peninsula hacia el noroeste. Se puede observar como las
zonas con poca produccion de cabrito lechal sacrifican a los animales con pesos de canal

mayores y viceversa.

En el afio 2017, Espana produjo el 13 % de la produccién de carne de caprino de
la Unién Europea (FAO, 2019). En el afo 2018 se sacrificaron en Espafia 1.371.026
animales de la especie caprina (MAPA, 2019c), de los cuales el 80 % fueron de la
categoria cabrito lechal. Como ya se ha dicho, esta preferencia a sacrificar el cabrito
lechal de bajo peso en oposicion al chivo estd relacionada con el paso de las
explotaciones mixtas a lecheras. Se pasé de sacrificar un 65 % de cabrito y un 20 % de
chivo en 1992 a sacrificar el 80 % de los animales como cabrito lechal y el 5 % como
chivos en el afio 2011. Espafia es un gran exportador a paises de la Unidn Europea y a

terceros paises como Francia, Reino Unido o Portugal (Tabla 2).

Tabla 2. Principales paises de destino de las exportaciones de carne de caprino en el
aino 2017.

Pais Tm %
Francia 880,3 36,9
Reino Unido 400,8 16,8
Portugal 241,2 10,1
Italia 232,0 9,7
Paises Bajos 199,0 8,3
Republica centroafricana 106,6 4,5
Sri Lanka 73,5 3,1
Total 2.385,2

Exportaciones de carne fresca, refrigerada y congelada. Porcentaje calculado sobre el total de
Tm exportadas.
Fuente: MAPA (2018a)

2.IMPORTANCIA DEL SECTOR CAPRINO EN ESPANA

Los sistemas de producciéon de pequefios rumiantes son una de las mas
importantes actividades agrarias en muchas partes del mundo, jugando un papel
fundamental tanto en la economia como en la cultura y en el mantenimiento del medio
ambiente (Sayadi y Calatrava, 2006). En zonas econémicamente deprimidas, la cria de
cabra tiene un importante rol social, fijando poblacién y contribuyendo a la

multifuncionalidad y desarrollo sostenible de las mismas (Ruiz et al., 2011). Ademas, la
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cabra produce piel, leche y carne en condiciones adversas, siendo capaz de transformar
alimentos y recursos pastables, que son inservibles para otras especies, en mayor
cantidad de leche por peso vivo que una vaca (Alcalde et al., 2010). Por otra parte, la
cabra es una especie de “dias cortos”, es decir, su actividad sexual es mayor durante los
dias decrecientes del afio. De esta manera, los cabritos nacen al final del invierno e inicio
del verano, cuando el clima es menos riguroso y la disponibilidad de alimento es mayor
(Chemineau, 1993). Esto hace que la oferta sea muy estacional, y como pasa con el
cordero, no coincide con la demanda, asi que se originan desajustes y alteraciones del
precio. Por ultimo, el constante descenso del consumo observado desde el final de los
afios 80 (Chamorro et al., 2012) se va confirmando en la ultima década, tal y como se
muestra en la Figura 5. En las estadisticas oficiales aparecen los datos de ovino y caprino
agrupados hasta el afio 2015 y es dificil valorar el consumo de carne caprina, pero
algunas estimaciones dan una cifra menor a los 300 g de carne por habitante y afio
(Alcalde et al., 2010). En el afio 2016, cuando se comienza a dar por separado el consumo

de cabrito, este fue de 160 g, disminuyendo a 130 g en 2018.

Figura 5. Consumo en kg per capita de carne fresca de ovino y caprino en Espaiia.
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Fuente: Elaboracién propia a partir de datos del MAPA (2019e)

Aunque el consumo anual per cdpita de carne fresca total disminuyd un 19 %

entre los afios 2008 y 2018, la carne fresca de ovino y caprino disminuyd un 48 %
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mientras que la carne de cerdo y la de pollo solo disminuyeron un 15 % y un 13 %
respectivamente en el mismo periodo (MAPA, 2019e). Los consumidores espafioles
ademads de disminuir su consumo de carne en general, estan sustituyendo el consumo
de carnes de mayor precio, como la de los rumiantes, por otras de menor precio. Si se
observan los consumos por clases econdmicas (alta, media, media-baja y baja) (Martin-
Cerdefio, 2018), solo los hogares de clase media aumentan su consumo de carne, pero
todos los estratos econdmicos disminuyen el consumo relativo de carne de rumiantes y
aumentan el de otras carnes frescas como pollo, y también consumen mas carne
congelada. Ademas del factor econdmico también hay que tener en cuenta las
advertencias que han hecho organismos oficiales en contra del consumo de carnes rojas
(Bouvard et al., 2015; IARC, 2018). En relacién con la percepcion de riesgo para la salud
del consumidor, segun Verbeke et al. (2010), lo saludable que sea la carne es un factor
mas importante que otras preocupaciones como la seguridad alimentaria,
probablemente porque la carne es un producto que se considera seguro por el

consumidor.

Existe una percepcién de que la carne de pollo es saludable y no tiene grasa, que
se acrecienta entre determinados grupos de consumidores (Ripoll et al., 2015). Sin
embargo, mientras que el porcentaje de grasa del pollo oscila entre el 1y el 4 %
(Pottowicz et al., 2015; Fernandes et al., 2016; Infante-Rodriguez et al., 2016; Michalczuk
et al., 2016), el porcentaje de grasa intramuscular de la carne de cabrito lechal oscila
entre el 1y el 2 %, dependiendo de la raza y el peso de sacrificio (Todaro et al., 2002;
Marichal et al., 2003; Argliello et al., 2005; Baidn et al., 2006; Santos et al., 2008; Ripoll
et al., 2012a). Comparando la especie caprina con la ovina, esta primera deposita menos
grasa subcutanea e intramuscular (Van Niekerk y Casey, 1988; Colomer-Rocher et al.,
1992). La carne de cordero lechal tiene porcentajes de grasa intramuscular entorno al 2
% (Panea et al., 2010a; Joy et al., 2012b). Una caracteristica tipica de la carne de cabrito
espafol es su poca grasa subcutdnea (Panea et al., 2012c). Esto es debido a que el
caprino es una especie de maduracién tardia (Norman y Lawrie, 1991) y tiende a
depositar la grasa en los depdsitos viscerales (Chilliard et al., 1981; Dhanda et al., 2003a),
especialmente las razas lecheras (Gibb et al., 1993). Como en Espafia el cabrito se

sacrifica muy joven, la grasa no llega a depositarse en otras zonas. Ademas de las
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diferencias cuantitativas de la grasa, cualitativamente el perfil de acidos grasos es
comparable al de otras especies rumiantes, aunque con mayor contenido en &cido
linoleico conjugado y acidos grasos poliinsaturados en general (Horcada et al., 2012).
Otro elemento ventajoso de la carne de cabrito es que tiene un gran porcentaje de
proteina facilmente asimilable porque es rica en aminoacidos esenciales (Srinivasan y
Moorjani, 1974). Si bien el cordero lechal tiene mayores cantidades de histidina, el
cabrito tiene mayor cantidad de leucinay lisina (Sanz-Sampelayo, 1994) y ademas es rica
en vitaminas del grupo B (Sanz-Sampelayo, 1994; Alcalde et al., 2010). También el
contenido de Fe y Zn es mayor en el cabrito lechal que en el cordero lechal, siendo el Fe
importante como constituyente de la hemoglobina, mioglobina y gran ndmero de
enzimas, y el Zn por formar parte de las enzimas necesarias para la mayor parte de
procesos metabdlicos (Sanz-Sampelayo, 1994). Estas caracteristicas saludables,
conforman una ventaja comparativa con otras carnes, adecuada a las exigencias de los
consumidores preocupados por su salud. Sin embargo, la carne de cabrito sigue siendo
mas cara que las de otras especies, siendo el precio un factor determinante en el

consumo.

3. BREVE DESCRIPCION DE LAS RAZAS UTILIZADAS

Aunque esta tesis no tiene como objetivo principal caracterizar, ni mucho menos
comparar razas caprinas, no se puede evitar abordar la diversidad racial y las
caracteristicas diferenciales de las razas utilizadas. Segun el MAPA (2019a), en Espafia
hay 22 razas caprinas autoctonas (Tabla 1), adaptadas a las diferentes condiciones
climatico-orograficas de la regidn donde se crian. De estas 22 razas, 14 de ellas son de
aptitud lechera y las ocho restantes, son de aptitud carnica. Un sistema productivo esta
definido por una raza y un sistema de explotacion/manejo. Asi, para obtener una
muestra representativa de la carne producida en Espana se ha de optar por seleccionar
animales de distintas razas, pero cada raza esta asociada al sistema de manejo tipico de
la misma. Las razas que han servido como base para el estudio son variadas tanto en su
aptitud (lechera, carnica o mixta) como en su sistema tipico de explotaciéon (desde
intensivo a extensivo). Estos dos factores son generalmente inseparables puesto que un

alto grado de especializacion suele requerir condiciones intensivas. De hecho, y aunque
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el ganado caprino suele usar sistemas de alimentacién y reproduccion mucho mas
extensivos que el ovino, el caprino de leche se comienza a estabular permanentemente
cada vez mas y, aunque practicamente solo se utiliza monta natural y un parto al afio,
los ganaderos pertenecientes a asociaciones de ganado selecto comienzan a optar por
inseminacion artificial (MAPA, 2018b). Por el contrario, razas clasificadas como en
peligro de extincidn, que no estan sujetas a presion selectiva, retienen su capacidad de
adaptacion al ambiente en el que estan localizadas (Gonzalez-Martinez et al., 2014). En
la formacién de las razas han sido fundamentales los siguientes hitos: la domesticacién
de las especies, la intervencidn cientifico-técnica en los procesos selectivos de mejora y
el actual control de las razas en cuanto a su gestion y reconocimiento (Rodero y Herrera,
2000). Asi pues, la aptitud de una raza esta intimamente relacionada con su origen,
historia y evolucion en el ambiente en el que se cria (Gonzalez-Martinez et al., 2014). En
los préximos apartados se da una breve descripcion del origen, caracteristicas
morfoldgicas, sistema de produccidn y orientacién productiva de cada una de las ocho

razas usadas como base genética en esta tesis.

3.1. FLORIDA

La denominacién Florida procede de la capa caracteristica de la raza, que es un
moteado rojo sobre fondo blanco o viceversa, de tal forma que asemeja un campo
florido. La Florida es una raza autéctona del bajo Valle del Guadalquivir que data su
origen a principios del siglo XX en el bajo Valle del Guadalquivir (Arglello et al., 2004) y
gue comenzd a describirse en 1984, cuando es denominada como Florida Sevillana
(MAPAMA, 2016a). El origen de la Florida se asienta en el cruce de los troncos Pirenaico
y Nubiano, en un proceso similar al que ha originado diversas razas actuales, como las

anglonubianas (Mufioz et al., 2004).

El area de distribucion de la raza era en su origen realmente pequefia, pero a
partir de los afios 80 del pasado siglo se asiste a una fuerte expansion de esta raza, tanto
por las comarcas limitrofes, como por el oeste de la Vega del Guadalquivir y Campifia de
Sevilla (Sanchez, 2008). En la actualidad se encuentra distribuida practicamente por

todas las provincias andaluzas y de Extremadura.
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La capa sera moteada en blanco sobre fondo rojo o en rojo sobre fondo blanco,
total o parcialmente, admitiéndose las diferentes gradaciones del color rojo. También
se admiten las capas moteadas en blanco sobre fondo negro (estorninas). La raza es
longilinea e hipermétrica y tiene las ubres estan bien desarrolladas, globosas y recogidas
(Sanchez, 2008). Animal de alta produccién lechera, mas de 600 litros por lactacién
(Sanchez et al., 2000; Mufioz et al., 2004) pero que conserva un alto grado de rusticidad
y unas caracteristicas morfoldgicas que le permiten altas producciones en sistemas de
pastoreo. Debido a su uso principal para produccién lechera y su rusticidad (Arguello et
al., 2004) se explota en una gran variedad de sistemas que abarcan desde los mas semi-
extensivos en zonas de sierra hasta los sistemas de estabulacion libre, pasando por
sistemas semi-intensivos en zonas de vega y campifia (MAPAMA, 2016a). Produce leche
de gran calidad, con un alto contenido en grasa y proteina (Sdnchez, 2008) que se dedica

a la elaboracién de quesos tipicos de cabra en el sur-oeste peninsular.

Figura 6. Cabra de la raza Florida.

?‘l"' . e\, } l
Fuente: MAPAMA (2016a)

3.2. GUADARRAMA

El nombre de la raza viene dado por su zona de ubicacién, la Comarca del
Guadarrama, drea geografica situada en la Comunidad de Madrid y Castilla y Ledn. Esta

raza también recibe ocasionalmente los nombres de Guadarrameiia, Del Moncayo y
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Guadarramay Cabra del Centro de Espaia (Esteban y Tejon, 1980). Tradicionalmente ha
sido considerada como una variedad de la cabra Pirenaica, de ahi que se considere a la
Capra aegagrus como su representante ancestral (MAPAMA, 2016a). Sin embargo, la
cabra de Angora, traida a Espafia durante el reinado de Carlos Ill, podria haber tenido
influencia en la cabra del Guadarrama (Esteban y Tejon, 1980). En general, la raza
caprina del Guadarrama ocupa zonas de montafia de medio dificil en el Sistema Central,
en la parte noroccidental de la Comunidad Auténoma de Madrid, frecuentemente en
terrenos abruptos de serranias y se extiende por zonas de sierras de Segovia y Avila

(MAPAMA, 2016a).

Figura 7. Cabra de la raza Del Guadarrama.

Fuente: Ripoll, G., 2012.

La raza agrupa animales de destacado dimorfismo sexual, con perfil recto,
eumétricos y mesomorfos o sublongilineos. Es frecuente la presencia de mamellas. La
capa es de color variado, estando reconocidas cuatro capas en el libro genealdgico. Las
tres capas mas frecuentes son, en orden de importancia, la Jardasca, la Vegata, y la
Negra, en las que tiene predominio el pelo negro con degradaciones castafias, blancas 'y
rojizas, respectivamente. La capa Cardena tiene mezcla de pelos blancos y negros y es
mucho menos frecuente. Es generalizada la presencia de barba en los machos y perilla

en la mayoria de las hembras.
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A pesar de ser considerada una raza de aptitud carnica en el catalogo oficial de
razas (MAPAMA, 2016a), es considerada habitualmente como de doble aptitud por su
produccién de leche (Serrano et al., 2001; Almoddvar, 2017) ya que tiene producciones
de 440 litros en lactaciones de 210 dias (Esteban y Tejon, 1980). De hecho, el 77, 4 % de
los ganaderos inscritos en la asociacion de criadores de ganado caprino de raza del
Guadarrama tiene sistema de refrigeracion de leche, como dicta la legislacion (Serrano
et al., 2001). La produccién de carne se apoya, fundamentalmente, en la produccién de
cabrito lechal, con animales de 8 a 10 Kg. de peso vivo, alimentados con la leche materna

y sacrificados a los 30-35 dias de edad.

El sistema de explotacién es semi-extensivo (Tejon et al., 1996), con un pastoreo
estante, donde el rebafio recibe una racion complementaria cuando la situacion lo
requiere. Esta racién esta basada en concentrados y henos en el establo, sin mucha

diferenciacién entre estados productivos de las cabras.

3.3. MAIJORERA

La raza Majorera se encuentra distribuida por todas las Islas Canarias, aunque se
encuentra principalmente en las islas de Gran Canaria y Fuerteventura. Su nombre se
debe a que la isla de Fuerteventura se denominaba Maxorata en la época prehispanica.
Esta cabra formaba parte de la Agrupacién Caprina Canaria (Esteban y Tején, 1980) y
posteriormente se crearon libros genealdgicos para cada una de las tres razas que la
formaban (Majorera, Tinerfefia y Palmera). Aunque estas tres razas tuvieron gran
influencia de otras razas peninsulares (Luque, 2011), seguian teniendo una fuerte
relacion fileogeografica entre si (Azor et al., 2005). Ademas, se comprobd que la
distancia genética entre las razas Majorera y Palmera y la Tinerfefia era mayor que la
distancia entre estas dos ultimas (Baena, 1993). Su capa es policromada con mucosas
pigmentadas. La raza Majorera estd formada por animales longilineos,
subhipermétricos, de perfil recto o subconvexo. Cabeza grande, con orejas largas. Cuello

fino, largo, de buena insercién y frecuentemente con mamellas (MAPAMA, 2016a).

Su rusticidad le permite adaptarse a cualquier tipo de explotacidn (intensiva,
semi-intensiva, extensiva) y estd presente en un amplio abanico de condiciones

climdticas y a distintas altitudes, desde la costa hasta la montafa. La produccion lactea

39



Valoracion sensorial e instrumental de la carne de cabrito lechal

de la isla estd dedicada por entero a la producciéon de quesos con denominacién de
origen. Esta situacion estd provocando una altisima presién por la seleccién de la
genética mas competitiva, dejando totalmente en el anonimato a la cabra de costa,
cabra en estado semisalvaje que se mantiene en régimen de manejo de suelta segun la
costumbre tradicional de la isla (Acosta et al., 2005). Esta explotacion extensiva esta
dedicada a la produccién de carne en la isla de Fuerteventura, donde los animales
permanecen en estado totalmente libre, complementada la alimentacidn solo en casos

de necesidad (MAPAMA, 2016a).

Figura 8. Cabra de la raza Majorera.

Fuente: FEAGAS en MAPAMA (2016a)

El queso que se produce con esta leche pertenece a la D.O.P. Queso Majorero.
La produccidn de carne es la de la cria, que se sacrifica con 5-7 kg de peso, y la de las
hembras de desvieje. El 16 de noviembre de 2010 se cred la asociacion de criadores de
la cabra Majorera en Fuerteventura, que gestiona el libro genealdgico. Existen otras dos

asociaciones de criadores en las islas de Tenerife y Gran Canaria.

3.4. PALMERA

La raza Palmera tiene su origen en la poblacién prehispanica en la isla de La
Palma, que se extinguié hace unos 60 afios (Brono, 2008). Al encontrarse La Palma en la

ruta de barcos con destino a América, esta raza se vio influenciada por las razas del
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suroeste de la Peninsula Ibérica, y con posterioridad se incorporaron otras de origen
africano como la Nubiana o la Maltesa (Esteban y Tején, 1980). Los animales de raza
Palmera se encuentran concentrados en las islas de La Palma y Tenerife. En los afios 70
se considerd que las tres razas canarias eran una sola, lo que facilitdé cruzamientos
indiscriminados (Brono, 2008). Tras una época de recuperacion se pudo comprobar
cémo desde el punto de vista morfoldgico existia una clara definicidn del tipo Palmero
debido a su mayor aislamiento histdrico e influencia de cabras salvajes de origen

prehispanico (Capote et al., 1998).

Figura 9. Cabra de la raza Palmera.

Fuente: FEAGAS en MAPAMA (2016a)

El color de la capa es rojo, pudiendo presentar distintas tonalidades, haciéndose
mas intenso en la zona de las extremidades. También se encuentran capas combinando
pelo negro, blanco y rojo, aunque son poco frecuentes (Brono, 2008). Los animales de
esta raza se caracterizan por ser eumétricos, longilineos y equilibrados. La cornamenta
es en espiral heterénima en los machos y discreta en las hembras. Es frecuente la
presencia de pelliza, calzén, harropos y perilla tanto en machos como en hembras

(MAPAMA, 2016a).

Son animales que se adaptan muy bien a los medios abruptos y el sistema de
explotacién es variado, desde sistemas intensivos con producciones de 510 litros a

sistemas mas extensivos con producciones de 423 litros. La asociacion espainola de
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criadores de la raza de cabra Palmera es la asociacién encargada del fomento de la
actividad ganadera para velar por la pureza y seleccién de la raza caprina Palmera,

promoviendo la creacidn y gestion de su libro genealdgico.

3.5. PAYOYA

La distribucién de la raza Payoya se centra en la comarca natural de la Sierra
Norte de Cadiz, Serrania de Ronda y Sierra de Grazalema. En el municipio malaguefio de
Montejaque se la conoce como raza Montejaquefia. Su origen no es claro y se supone
formado por los troncos Alpino y Pirenaico con influencia de otros troncos mas recientes

(Herrera y Lugue, 2008).

Figura 10. Cabra de la raza Payoya.

Fuente: MAPAMA (2016a)

Una caracteristica muy importante de esta raza es que ha sido seleccionada de
manera prioritaria hacia la produccién de leche, incluso evitando mamas
despigmentadas por una supuesta sensibilidad a las infecciones (Maldonado et al.,
2000). Secundariamente, se seleccionaron capas con diversidad de colores para que
fuera mas facil la localizacién de los rebafios entre la maleza de la serrania (Herrera y
Luque, 2008). Asi pues, encontramos en los rebafios multitud de patrones distintos,
entre los que destacan las floridas en negro, rojo, rubio o tricolor (44,2 %), las nevadas

con distintos patrones (21,4 %) y la sesnegra (10,2 %), pero también se encuentran la
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capa berrenda, orita, collaba y capas de color simple (Maldonado et al., 2000).
Morfolégicamente se diferencian por ser animales largos y altos, con un perfil

subconvexo y proporcién longilinea.

Se cria tradicionalmente en sistemas extensivos o semi-extensivos donde
aprovechan las dehesas dedicadas a la extraccidn del corcho o recogida de algarrobas
del Parque de la Sierra de Grazalema. Las explotaciones en las que esta presente la raza
Payoya son en su mayoria de cardcter familiar, con diversos regimenes de titularidad de
la tierra (Ruiz et al., 2014). El objetivo principal de la explotacion de la cabra Payoya es
la producciéon de leche, con una produccién media por cabra de 412 kg (Herrera y Luque,
2008). Aunqgue algunos autores la consideran de doble aptitud (Gonzdlez-Martinez et
al., 2014), la venta de cabritos tiene poca importancia econémica, representando tan
solo el 18,5 % de los ingresos (Ruiz et al., 2014). La leche va destinada a la fabricacion de
queso denominado Payoyo, y al Queso de la Serrania de Ronda y el Queso Sierra de

Grazalema o Grazalema (oveja y cabra) (Ruiz et al., 2014).

3.6. RETINTA

También conocida como Retinta Extremefia (Esteban y Tejon, 1980) o Retinta
Cacerefa. Esta cabra debe su nombre al color rojo de su capa, que es uniforme con

variaciones desde el rubio hasta el caoba, pero con claro predominio del rojo.

Esta raza deriva de su representante prehistérico, la Capra aegagrus, aunque con
alguna influencia del tipo Prisca, y posterior influencia de la forma secundaria Pirenaica
(Esteban y Tejon, 1980). Los rebanos de esta raza se encuentran en las llanuras centrales
y las sierras meridionales de Extremadura, repartiéndose de manera irregular en las dos
provincias extremefias. La raza Retinta agrupa animales de perfil recto, eumétricos y
proporciones medias, con un acusado dimorfismo sexual. Mientras que los machos
presentan barba, y a veces papada, las hembras presentan perilla en algunas ocasiones.
Es generalizada la presencia de mamellas en ambos sexos (Esteban y Tején, 1980;
MAPAMA, 2016a). El sistema de explotacion predominante es el pastoreo extensivoy la
trastermitancia, pasando la mayor parte del afio en tierras bajas de la dehesa extremeiia
y riberas del centro de la regién, desplazandose durante el verano a los pastos frescos

de las serranias préximas (MAPAMA, 2016a). Esto ha hecho que la raza tenga una gran
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rusticidad adaptada al aprovechamiento de las dehesas, durante ocho meses, y de los
pastos estacionales pero abundantes de la montafia, durante los cuatro meses restantes
del afio (Esteban y Tején, 1980). A pesar de esto, es una cabra de temperamento
tranquilo con tendencia a caminar poco. La raza Retinta se explota en un sistema
orientado a la produccion de cabrito para el sacrificio, siendo ordefnadas ocasionalmente
después del destete, con una produccién de leche baja, y con una comercializacién
comprometida por la orografia y la situacién de las explotaciones (Gonzalez y Gonzalez,
2003). A pesar de tener una orientacién carnica clara, la raza Retinta es una de las tres

razas acogidas en la Denominacion de Origen Protegida Queso Ibores.

Figura 11. Cabra de la raza Retinta.
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Fuente: MAPAMA (2016a)

3.7. TINERFENA

Al igual que en las razas Palmera y Majorera, la raza Tinerfefia proviene de un
tronco prehispanico comun a las tres razas canarias (Palma et al., 1994). Dentro de la
raza, hay dos variedades, Norte (zonas humedas) y Sur (zonas dridas) (Capote et al.,

2002).

El ecotipo Norte se adapta a zonas mas himedas localizada en los municipios del
norte de la isla, mientras que el ecotipo Sur, adaptada a zonas aridas, se encuentra en

los municipios del sur de Tenerife. Las caracteristicas morfoldgicas, de acuerdo con el
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catdlogo oficial de razas ganaderas (MAPAMA, 2016a) son las siguientes: los cuernos son
de tipo prisca, que salen en forma paralela para luego divergir. Presentan perilla, tupé,
mamellas y pelo largo siempre. Las mamas son globosas y con pigmentaciones oscuras.
El prototipo racial de la variedad Norte engloba animales subhipermétricos, longilineos
y marcado biotipo lechero. Los colores predominantes de la capa son el negro y el
castano. El sistema de produccién es intensivo, con utilizacién del pastoreo en las
explotaciones que tienen acceso al mismo. El prototipo de la variedad Sur define
animales de aspecto general eumétricos, proporciones longilineas y un marcado biotipo
lechero. Las capas son policromas, siendo el negro y el castafio los colores

predominantes. El sistema es intensivo, sin uso de pastoreo.

Figura 12. Cabra de la raza Tinerfefa.
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Fuente: www.feagas.com

Actualmente, para cada una de las variedades de cabra Tinerfefia nos
encontramos con dos situaciones totalmente diferenciadas. Por un lado, la Tenerife
Norte, considerada como raza de fomento por los ganaderos y los técnicos del sector,
ya que se ha conservado en pureza de forma mayoritaria, con un censo relativamente
estable, aunque sin datos precisos al respecto, y con una evolucidn favorable. Y por otro
lado, la situacidn de la Tenerife Sur, que casi ha llegado a desaparecer, fruto de los cruces
indiscriminados y sin control con la cabra Majorera, lo que hace necesario de forma

urgente la puesta en marcha de un plan de recuperacién y conservacion.
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Se reconoce a la raza caprina Tinerfefia como raza autdctona de fomento y la
asociacién nacional de criadores de cabra Tinerfeiia fue creada en el afio 2008 para
gestionar el libro genealdgico y fomentar la actividad ganadera (Quintana y Gonzalez,
2009). El esquema de seleccién para la raza Tinerfefia, tanto Norte como Sur, se realizé
con el objetivo general de incrementar la productividad comercial, primando la calidad
(incrementar la cantidad de proteina y de grasa por lactacion) frente a la cantidad

(incrementar la cantidad de leche por lactacion).

3.8. VERATA

La raza caprina Verata tiene su origen en la region de La Vera, Comarca del
Nordeste de la provincia de Caceres. Recibe también otros nombres, como Castellana,
de los Montes de Toledo y cabra oscura o comun. Tradicionalmente el drea de ocupacién
de la raza Verata ha sido la confluencia de las provincias de Caceres, Avila y Toledo. Sin
embargo, en las Ultimas décadas se ha producido un desplazamiento de la raza desde la
zona de origen a la Comarca de Navalmoral de la Mata (Caceres), a la zona de Los lbores
(MAPAMA, 2016a). Todo apunta a que la raza es un producto heterocigdtico antiguo, y
es muy dificil establecer el origen filogénico de la raza. Segun Esteban y Tejon (1980), se
puede aventurar que el tipo Aegagrus, especialmente su formacion secundaria racial
Alpina, se extendid por la Sierra de Gredos, cruzandose con la poblacién caprina

autdctona.

El color de la capa es variable, y aunque Rodriguez et al. (1990) describen como
capas principales la castafia oscuray la agamuzada, agrupando el 95 % de los ejemplares,
hoy en dia se consideran tres tonalidades principales: negra, cardena y revolada.
Predominan los colores oscuros desde el negro azabache al caoba. Son frecuentes las
capas de color castafio oscuro, y en este caso vientre, axilas, bragadas y cara interna de
las extremidades aparecen de color negro. Se presentan frecuentemente,
degradaciones de color blanco en hocico, orejas y, menos, en la base de la cola.
(MAPAMA, 2016a). El 93 % presenta mamellas (Rodriguez et al., 1990). La raza tiene un
acusado dimorfismo sexual siendo los machos mas grandes que las hembras, con

notable desarrollo de cuernos y barba, de perfil recto o subcéncavo, eumétricos y de
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proporciones medias (Rodriguez et al., 1990). Las hembras tienen una ubre bien

desarrollada.

Figura 13. Cabra de la raza Verata.

Fuente: ACRIVER

La explotacion de la raza Verata se realiza generalmente bajo los sistemas
estante y trastermitante (Esteban y Tején, 1980). Es explotada principalmente por su
doble aptitud leche-carne. En régimen extensivo destaca su elevado potencial
productivo, gran rusticidad de sus animales y la alta variabilidad productiva, tanto a nivel
de explotacién, como individual o de rebafo, consecuencia, independientemente de
factores genéticos, derivados de la ausencia de seleccidon y del sistema de manejo
aplicado (MAPAMA, 2016a). Aprovecha los recursos pastables en unas zonas muy
desfavorecidas, donde no se puede explotar de forma rentable otras especies de
ganado. En la provincia de Caceres la explotacidn se orienta en mayor medida hacia la
produccién de leche, ordefiando las cabras una vez al dia (Pulido et al., 1994). Para este
fin, los animales son suplementados, consiguiendo unas lactaciones de 200 litros
(Gonzalez y Gonzdlez, 2003). Los ingresos vienen de la venta del cabrito lechal y de la
leche, con la que se realiza el queso de la D.O.P. Queso lbores y el denominado Queso

de la Vera.
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1.IMPORTANCIA DE LAS MARCAS DE CALIDAD

Como se ha desarrollado en puntos anteriores, el sector de la produccién carnica
del ganado caprino se enfrenta a desajustes espaciales entre las regiones de produccién
y consumo, ademads de importantes desfases temporales entre la estacion reproductiva
y la de consumo. Ademads de ello, la carne caprina es cara, comparada con otras carnes,
y al comercializarse como norma general en fresco, es una carne anénima cuya calidad

suele ser heterogénea.

Los consumidores estan dispuestos a pagar un mayor precio por un producto
identificado con una etiqueta, que ademas sirve para fidelizar a ese mismo consumidor
(Grunert et al., 2004). Ajustarse a las necesidades del consumidor es clave para el
desarrollo de la industria carnica (Grunert et al., 1996). Sin embargo, las necesidades del
consumidor son cambiantes y se prevé que los atributos extrinsecos del producto
(certificaciones, envases, marcas comerciales y otros labeles) serdn mucho mas
relevantes que los atributos intrinsecos en la decision de compra (Chamorro et al.,
2012). Por otra parte, cada vez mas consumidores conceden mayor importancia a la
calidad que a la cantidad de la alimentacién. Esta importancia se traduce en una

creciente demanda de productos alimentarios de un origen geografico determinado.

La Unidén Europea considera que la produccion, la fabricacion y la distribucion de
los productos agricolas y alimenticios son actividades estratégicas y que ocupan un lugar
importante en la economia. La produccién caprina, que aprovecha los pastos de las
zonas marginales y tiene una funcién social importante en las zonas rurales fijando a la
poblacién y manteniendo productos tipicos (Mena et al., 2013), es una actividad de la
cual pueden derivar productos carnicos protegidos por estas medidas europeas. Por
ello, en el Reglamento Europeo sobre la proteccidn de las indicaciones geograficas y de
las denominaciones de origen de los productos agricolas y alimenticios (U.E., 2006), se
establecen dos figuras de calidad que se identifican mediante simbolos (Figura 14). Estas

dos figuras son las siguientes:

La “Denominacién de Origen Protegida” o D.O.P. es el nombre de un lugar

geografico determinado, que sirve para designar un producto agricola o alimenticio
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originario de dicho lugar. La calidad o las caracteristicas que definen el producto
amparado deben darse fundamental o exclusivamente por el medio geografico con sus
factores naturales y humanos. La produccion, transformacién y elaboracién de estos

alimentos amparados bajo una D.O.P, se deben realizar en la zona geografica delimitada.

La “Indicacion Geografica Protegida” o I.G.P. es el nombre de un lugar geografico
determinado, que sirve para designar un producto agricola o alimenticio originario de
dicho lugar, que posea una cualidad determinada, una reputacidn u otra caracteristica
gue pueda atribuirse a dicho origen geografico. De las tres etapas (produccién,
transformacién o elaboracién), al menos una, deben realizarse en la zona geogréfica
delimitada. Vistas las definiciones anteriores, en la D.O.P., las tres etapas que incluyen
la produccion, la transformacién y la elaboracién se realizan en la misma zona
geografica, mientras que, en la l.G.P. no es obligatorio que todas las fases se realicen en
la misma zona geogréfica. Asi, en un producto con D.O.P. el vinculo con el origen

geografico es mas fuerte que en uno con I.G.P.

Figura 14. Simbolos de las figuras de calidad comunitarias.

El nimero de productos carnicos caprinos amparados por figuras de calidad en
Espana es escaso. Mientras que Portugal, con un censo caprino muy inferior al espafiol,
tiene una D.O.P. (Cabrito Transmontano) y cinco |.G.P. (Cabrito do Alentejo, Cabrito de
Barroso, Cabrito da Beira, Cabrito da Gralheira, y Cabrito das Terras Altas do Minho
(DOOR, 2016; Panea et al., 2019), en Espaia no existe ninguna .G.P. o D.O.P. Otra
opcidn para proteger determinados productos es la del uso de marcas de garantia, figura
que esta dentro de las marcas colectivas, estan reguladas por la ley de marcas (B.O.E.,
2001). que sirven para distinguir los productos certificados respecto de, entre otros, el
origen geografico, la calidad y otras caracteristicas de los productos que no posean esa
certificacion. Relacionadas con la carne o la canal caprina solo existe la marca de

garantia “Chivo Lechal Malagueiio”. Esta fue la primera carne caprina espafiola asociada
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a una marca de calidad, y proviene de animales de un mes aproximado de edad, con un
peso vivo entre 8 y 10 kg y un peso a la canal entre 4 y 6 kg, y cuyas madres deben ser

de raza Malaguena pura.

Las marcas de calidad tienen una especial trascendencia en los mercados locales
ya que pueden ser unas herramientas de gran utilidad para aumentar la demanda, los
precios, la renta de los ganaderos y la diversificacidon de productos para el consumidor.
Segln Teixeira (2016), estas marcas de calidad constituyen un elemento diferenciador
en el mercado, que proporciona confianza al consumidor y ayuda a ampliar mercados.
Para desarrollar una marca de garantia, es necesario cumplir con los requisitos
especificados en un pliego de condiciones y para elaborar éste, es necesario tipificar el
producto, es decir, estudiar cuales son las caracteristicas que generan la individualidad
propia de los productos de una determinada region (Teixeira, 2016). En el cabrito lechal,
estas caracteristicas dependen de factores como la raza, peso del animal y sistema de

produccion.

Como se ve, las figuras y marcas de garantia estdn muy enfocadas a garantizar el
origen geografico, generalmente vinculado a razas autdctonas. En esta linea, el MAPA
cred el logotipo “raza autdctona” (B.O.E., 2013) que permite reconocer los productos
procedentes de razas autdctonas en el etiquetado de los mismos y los lugares donde se
pueden comercializar o consumir. La garantia de que estos productos procedan de
animales de razas autdéctonas se debe basar en la supervisién del sistema de produccion
por parte de las asociaciones de criadores de razas ganaderas autdctonas.
Adicionalmente, a las figuras, marcas y logotipos, también existe una normativa de
etiqguetado facultativo de carne de cabrito (BOE, 2011), en el que se regula el peso de
sacrificio con la intencién de aportar informacién veraz al consumidor mas alld de la
informacién obligatoria por ley. Esta normativa es de aplicaciéon a la carne fresca,

refrigerada o congelada de cabrito.

No obstante, el relativamente pequeino peso que el caprino tiene en el producto
interior bruto ha supuesto que se dediquen pocos esfuerzos a su estudio y, por lo tanto,
exista poca informacién en la bibliografia espafiola sobre la calidad de |la carne caprina

en las condiciones caracteristicas del mercado espafiol, es decir, pesos de canal mucho
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mas bajos que en el norte de Europa u otros paises. Especialmente escasa es la
bibliografia que trata sobre el estudio sensorial de la carne usando paneles de cata o
consumidores. En estos casos es especialmente importante no extrapolar conclusiones
de estudios sensoriales realizados con caprinos adultos, puesto que la carne de los
animales adultos se caracteriza por presentar ciertos compuestos como como el acido
4-metilnonanoico, que aparecen en la pubertad del animal (Young et al., 1997) y son

responsables de olores desagradables a cabra o a chivo.

Con el animo de aportar informacidn sobre las caracteristicas de la canal y de la
carne de cabrito lechal espafol, en el afio 2006 se inicié un proyecto de investigacién
(INIA-RTA2006-0177) en el que se estudiaron siete de las razas espaiolas (véase Tabla
1): las cinco razas carnicas de mayor censo en aqguel momento (Blanca Celtibérica, Blanca
Andaluza, Negra Serrana, Moncaina y Pirenaica) y las dos razas lecheras mas
importantes (Murciano-Granadina y Malaguefia), todas ellas sacrificadas a 4y 7 kg de
peso de canal. En aquel estudio, y en las publicaciones derivadas, se demostré el
potencial carnico de nuestras razas, asi como las particularidades de la carne de cabrito
lechal (Ripoll et al., 2011a; Horcada et al., 2012; Panea et al., 2012c; Ripoll et al., 2012a;
Alcalde et al., 2013b). Con el proyecto del que se deriva esta tesis (INIA-RTA2012-0023-
C3) se pretende ampliar el estudio a otras ocho razas espafiolas. Para ello, se ha
estudiado la calidad instrumental y sensorial de su carne y se han estudiado los factores

que determinan la percepcion del consumidor con respecto a este producto.
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2.CALIDAD DE LA CARNE DE CABRITO LECHAL

Este apartado ha dado lugar a la publicacién:

Ripoll G., Alcalde M.J., Panea B. 2020. Calidad instrumental de la carne de cabrito lechal.
Revisién bibliografica. ITEA-Informacién Técnica Econdmica Agraria, en prensa.

Doi: 10.12706/itea.2020.016

La carne es un alimento complejo ya en su propia definicion. Tanto la Real
Academia Espafiola como Lawrie, autor del que es probablemente el texto base mas
importante (Lawrie, 1998), hacen referencia a la parte muscular del cuerpo de los
animales. Por otro lado, el cédigo alimentario espafiol (B.O.E., 1967) hace una definicién
mas extensa que incluye otros tejidos que no se separan de los musculos en el proceso

de conversién de musculo a carne, como tendones, grasa, hueso, etc.

Tabla 3. Factores que influyen en la calidad de la carne de cabrito (1).
Ambito Factor

Especie

Raza o cruce

Individuo v

Edad y capacidad lechera de la madre v

Animal Formato de la madre v

Tipo de nacimiento
Sexo
Edad y peso al sacrificio
Genes especificos v
Pieza
Musculo y localizacidn
Ejercicio v
Condiciones ambientales v
Agentes estresantes v
Tipo y calidad de la cama v
Tipo de lactancia v
Edad y tipo de destete v
Materias primas de la racion
Caracteristicas fisicoquimicas de la racién
Calidad y disponibilidad del agua
Aditivos v
C, factor controlado; A, factor aleatorizado; B, inherente al sistema de produccién-raza.
Fuente: Elaborado a partir de Safiudo et al. (1998).
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Los factores que modifican la calidad de la carne son multiples y se pueden dividir
en dos grandes grupos, los factores antemortem vy los factores postmortem. Safiudo et
al. (1998) realizé una exhaustiva recopilacién de factores que afectan a la calidad de la
carne de los pequefios rumiantes que, aun estando orientada a la carne ovina, es
plenamente valida para la carne caprina. En las Tabla 3 y 4 se recogen estos factores, y

se indica cédmo se han gestionado los mismos para realizar esta tesis.

Tabla 4. Factores que influyen en la calidad de la carne de cabrito (2).
Ambito Factor

Epoca de la paridera
Factores multicausales Rebano
Sistema de produccion
Transporte (tipo y condiciones)
Ayuno
Condiciones de los corrales
Manejo previo al sacrificio
Sacrificio Método de aturdimiento
Tipo de sacrificio
Preparacion de la canal
Higiene
Post-sacrificio Estimulacidn eléctrica
Condiciones ambientales del oreo
Maduracién (duracién y condiciones)
Conservacion de la carne
Adicion/infusién de aditivos
Comercializacion y Tipo de despiece
consumo Envasado y presentacion
Cocinado
Consumo (ambiente, tipo de producto...)
Consumo (costumbres, modas...)
C, factor controlado; A, factor aleatorizado; B, inherente al sistema de produccién-raza.
Fuente: Elaborado a partir de Safiudo et al. (1998).

AN

ANIAN

Condiciones pre-sacrificio

ASANENENENEN

ANENENENENENEN

<
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Algunos de los factores han sido controlados o fijados para el experimento, es
decir, han sido elegidos, definidos y medidos. Otros factores han sido aleatorizados para
gue su posible efecto se aplique a todos los factores estudiados en esta tesis por igual.
Otros factores son inherentes al binomio sistema de produccién-raza. Finalmente,
algunos factores no tienen sentido en el ambito de estudio de la tesis o no ha sido
posible ubicarlos en ninguna de las categorias anteriores, por lo que su efecto se suma

al error experimental. A estos factores, aun quedarian por afiadir todos aquellos
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relacionados con el consumidor, como pueden ser su estilo de vida (Grunert et al., 2001),
su implicacién con la carne (Verbeke y Vackier, 2004), la familiaridad con el producto
(Banovié et al., 2012) y otros. Existe mucha bibliografia sobre la calidad de la carne en
general. Sin embargo, la mayoria de los libros académicos que versan sobre ciencia de
la carne (Forrest et al., 1979; Price y Schweighet, 1994; Lawrie, 1998; Warris, 2000)
adolecen de informacién sobre la especie caprina, y es inexistente en el caso de cabrito
lechal ligero o muy ligero. Tampoco se han encontrado revisiones bibliograficas sobre
este tipo de carne. Encontramos, pues, una laguna de conocimiento, que esta tesis

persigue ayudar a cubrir.

Tras una busqueda bibliografica en Scopus (scopus.com) con la cadena “kid AND
suckling AND meat”, en la que se encontraron 126 documentos, se procedié a descartar
aquellos articulos cientificos en los que el cabrito tuviera un peso vivo mayor de 13 kg o
que ingiriera otro alimento distinto de leche, hechos que estan, ademas, relacionados
entre si. Esto incluye a aquellos animales que, aun siendo lactantes, tuvieron acceso a
las praderas donde pastan las madres (Santos et al., 2007; Santos et al., 2008; Ozcan et
al., 2014) o fueron suplementados con piensos o forrajes en algin momento de su vida
(Pérez et al., 2001; Marichal et al., 2003; Argliello et al., 2005; Arguello et al., 2007;
Morales-delaNuez et al., 2009; Morales-De la Nuez et al., 2011; Zurita-Herrera et al.,

2011; Zurita-Herrera et al., 2013; Zurita-Herrera et al., 2015).

Dentro de este grupo de excluidos se encuentran cuatro articulos donde no se
asegura claramente que los animales no pastaran (Pefia et al., 2009a; Bonvillani et al.,
2010; Toplu et al., 2013; Guerrero et al., 2014), y que al mencionar el uso de sistemas
extensivos o expresiones como “los cabritos permanecieron con las madres” hacen
pensar que no cumple con los requisitos establecidos. Finalmente, tampoco se incluyen
los articulos que no ofrecen datos de calidad de carne, si no solo de caracteristicas de la
canal (Pefa et al., 2007; Pena et al., 2009b; Panea et al., 2012b). También se han
excluido de esta revision tres articulos por ofrecer datos de acidos grasos de la grasa
intramuscular, pero de la pierna y no del lomo (Yeom et al., 2002; Yeom et al., 2003;
Longobardi et al., 2012). Asi pues, la base final de articulos para la revision consta de 24
articulos (Tabla 5), de los cuales 17 son de autores espafioles, 5 de autores italianos, uno

de Grecia y otro de Turquia.

57



Valoracion sensorial e instrumental de la carne de cabrito lechal

Tabla 5. Referencias utilizadas en la revision bibliografica.

Primer autor Ao  Revista (abreviado) Numero Pdaginas
Sanz-Sampelayo 2006 Anim Sci 82 337-344
Bafdn 2006 Meat Sci 72 216-221
Castro 2008 J Anim Vet Adv 7 196-202
Garcia-Navarro 2008 Food Sci Technol Int 14 85-94
Judrez 2009 ITEA-Inf Tec Econ Ag 105 28-35
Caputi-Jambrenghi 2009 Prog Nutr 11 36-46
Ripoll 2011 Meat Sci 87 151-156
Sanudo 2012 Span Journal Agric Res 10 690-700
Moreno-Indias 2012 J Anim Sci 90 3729-3738
Moreno-Indias 2012 Meat Sci 90 393-397
Horcada 2012 Meat Sci 92 89-96
Ripoll 2012 Meat Sci 92 62-70

De la Vega 2013 Span Journal Agric Res 11 770-779
Horcada 2014 Span Journal Agric Res 12 427-435
Vacca 2014 Large Anim Rev 20 169-173
Vacca 2014 Small Rum Res 121 161-167
De Palo 2015 Small Rum Res 131 6-11
Borgogno 2015 Meat Sci 106 69-77
Guerrero 2016 ITEA-Inf Tec Econ Ag 112 271-285
Tsiplakou 2016 Livest Science 188 142-152
Alcalde 2017 Animal 11 1626-1635
Yalcintan 2018 Acta Vet Brno 87 293-300
Guzman 2019 Ann Anim Sci 19 1143-1159
Guzman 2019 Ital J Anim Sci 18 1186-1191

Como dentro de cada articulo también se encontraron lotes de animales que
cumplieron los requisitos mencionados y otros que no. En algunos articulos se
compararon cabritos con corderos, y en otros se compararon sistemas de manejo en los
gue solo algun lote se alimentd de leche exclusivamente, y otros lotes fueron
suplementados. Después de eliminar estos grupos de animales, de estos 24 articulos se
utilizaron datos de 82 lotes distintos de animales. Sin embargo, no todos los articulos
aportaron informacién completa sobre el peso vivo al sacrificio, peso de la canal caliente
o delaedad, asi que para completar la base de datos se calculd la media del rendimiento
alacanal (53,60 %) y las pérdidas por oreo (3,04 %) con los datos conseguidos. Con estos
valores se calcularon los pesos vivos y de la canal caliente en los articulos incompletos.
En el caso del articulo de Caputi-Jambrenghi et al. (2009), que no aporta datos ni de peso
vivo ni de canal fria o caliente, sino solo la edad de sacrificio, se tomd como valido el

dato de peso vivo de machos de la misma raza y edad de Marsico et al. (1993). De forma
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similar, el peso vivo de los cabritos del articulo de Sanz-Sampelayo et al. (2006) se calculd

a partir de la edad y los datos aportados por Pefia et al. (1985) para la misma raza.

2.1. PESO VIVO Y PESO CANAL CALIENTE

En la Figura 15 se muestran los valores individuales de peso vivo al sacrificio y
peso de la canal caliente de cada lote de cabritos estudiados en la bibliografia. El
intervalo de peso vivo va desde 6 kg hasta 13 kg, y se puede observar en la distribucion
cémo hay dos grupos de peso divididos aproximadamente por la media, alrededor de
los 9 kg de peso vivo. Respecto del peso de la canal caliente, el intervalo va desde los 3,5

kg hasta los 7 kg, aunque hay dos lotes con pesos inferiores a 3 kg (Castro et al., 2008).

Figura 15. Peso vivo al sacrificio y peso canal caliente de la bibliografia consultada.
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Al igual que se observa en el peso vivo, hay dos grupos de canales diferenciadas:
las canales con pesos superiores a 5 kg y las ligeras, con pesos inferiores a 5 kg. Estos
dos tipos de canal responden a las preferencias de los consumidores, y como se observa
en la Figura 4, hay Comunidades Auténomas que prefieren canales ligeras y otras que
las prefieren muy ligeras. En la misma linea, la legislacién espafiola que regula el
etiquetado facultativo de la canal caprina establece el limite entre las categorias de
“Lechal” y “Lechal ligero” en 5 kg (BOE, 2011). Respecto a las preferencias por paises, el
peso canal de los articulos de esta revisién, el estudio griego utilizé cabritos con un peso

canal mayor de 5 kg, mientras que las canales del estudio turco pesaron de menos de 5
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kg. En los estudios espafioles, el 55 % de los lotes incluyd cabritos de menos de 5 kg,
mientras que los lotes de estudios italianos tuvieron animales con pesos menores de 5

kg en un 40 %.

2.2. COMPOSICION PROXIMAL

La carne, entendida como el musculo de un mamifero después del rigor mortis,
estd compuesta mayoritariamente por agua, entorno a un 75 %. El segundo compuesto
es la proteina, que supone el 20-21 %. Las cenizas representan solo un 1 % de total. El
resto corresponde a la grasa, que es el compuesto cuyo porcentaje es mas variable
(Scollan et al., 2005). La proteina y la grasa son componentes nutricionales muy
importantes para el ser humano. Las proteinas cdrnicas tienen un gran valor bioldgico
por sus aminoacidos esenciales y por tener mayor biodisponibilidad que las vegetales.
La grasa es fundamental para conseguir energia y tiene acidos grasos esenciales
fundamentales para el humano, ademas de aportar vitaminas liposolubles. Ademas, es
determinante en la calidad sensorial de la carne (Williamson et al., 2005). También son
componentes de la carne, pero en mucha menor cantidad glicidos (el mas importante,
el glucdgeno, se ha consumido en la glucdlisis post-mortem), aminoacidos libres,
dipéptidos y nucleétidos (Warris, 2000).

Tabla 6. Composicidn proximal de la carne de cabrito lechal en funcion del peso de la
canal caliente.

Peso de la canal caliente

<5 kg 25 kg
Humedad, % 76,66 [76,12-77,20] 75,70 [74,79-76,61]
Proteina, % 20,79 [19,89-21,69] 19,72 [18,86-20,58]
Grasa, % 1,60 [1,16-2,05] 2,64 [1,59-3,69]
Cenizas, % 1,04 [0,95-1,13] 1,14 [1,05-1,22]

Media e intervalo de confianza al 95 % [entre corchetes]. Porcentajes expresados sobre materia
fresca.

En la Tabla 6 se muestra la composicién proximal de la carne de cabrito de la
bibliografia consultada. Se observa cémo la composicién de la carne de cabrito se ajusta
a la composicion general de la carne, donde no hay grandes diferencias ni en humedad
ni en proteina ni en cenizas. Sin embargo, el porcentaje de grasa varia mucho en funcion

del peso canal caliente, aunque el porcentaje es bajo comparado con otras especies; al
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ser la especie caprina una especie poco precoz (Norman y Lawrie, 1991) deposita en
mayor medida la grasa entorno a las visceras (Chilliard et al., 1981; Dhanda et al., 2003a)
antes que en los depdsitos subcutaneo o intramuscular. Respecto al sistema de lactancia
utilizado en la bibliografia, no se observé ninguna variacién entre los valores de
composicion proximal de la carne de cabritos alimentados con lactoreemplazantes (17

% de los lotes estudiados) o leche natural (83 % de los lotes estudiados).

2.3. PHY GLUCOLISIS

A pesar de la mayor o menor importancia de los factores pre-mortem, un
momento clave que determinara la calidad de la carne es la conversiéon del musculo en
carne. Un proceso especialmente importante es la glucdlisis post-mortem durante la
cual se produce acido lactico, Unico responsable de la caida del pH durante dicho
proceso (Callow, 1937), y tanto la velocidad de caida del pH como su valor final son

determinantes de la calidad de la carne.

El pH ultimo en la mayoria de las especies de abasto estd en el rango de 5,5a 5,7
(Hopkins y Fogarty, 1998; Webb et al., 2005; Scheffler et al., 2011), que es el punto
isoeléctrico de la mayoria de las proteinas musculares (Lawrie, 1998). Sin embargo,
como se muestra en la Figura 16 tres de los lotes de cabrito lechal encontrados en la
bibliografia tiene un valor de 5,5 o menor, mientras que todos el 65 % de los lotes
tuvieron valores iguales o superiores a 5,7. En esta misma figura se observa cémo los
valores de pH son similares independientemente de la alimentacidn del cabrito, ya que
los cabritos alimentados con lactoreemplazantes presentaron una mediana de 5,6 y los
alimentados con leche natural presentaron una mediana de 5,8. De acuerdo con los
estandares de algunos paises, un pH > 5.7 se considera elevado y con repercusiones en
la calidad de la carne bovina (Thompson, 2002), y un pH mayor de seis produce carne
oscura en rumiantes (Van Laack et al., 2001). Sin embargo, otros autores como
Ponnampalam et al. (2017) consideran normales los pH menores de 5,8 y elevados
cuando son mayores de 6,2. Una hipétesis para explicar la alta frecuencia de aparicién
de pH mayor de 5,7 en el cabrito lechal podria ser la velocidad de la glucdlisis. Como las

canales de cabrito son muy pequenas, en las condiciones de refrigeracion habituales en
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los mataderos de ganado de abasto, estas se enfriarian muy rapidamente y por ello,

sufririan de una glucélisis post-mortem muy lenta (Pophiwa et al., 2020).

Figura 16. Valores de pH en funcion del sistema de lactancia (izquierda) y del peso de
la canal (derecha) de la bibliografia consultada.
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MR, lactoreemplazantes; NM, leche de la madre.
La linea azul discontinua es la recta de regresidn entre el peso canal caliente y el pH.

Esta velocidad lenta de caida de pH, y los valores altos de pH pueden tener
repercusiones en caracteristicas importantes de la carne como la textura y el color
(Purslow et al., 2020). El punto de minima capacidad de retencién de agua del musculo
es el punto isoeléctrico (Weber y Meyer, 1933), pero si pH ultimo es alto, la capacidad
de retencién de agua sera mayor y eso afectard de forma significativa al color. Sin
embargo, no se aprecié una relacién del pH ultimo con el peso de la canal, por lo menos
en este rango de pesos. La explicacion mdas probable sea que los cabritos llegan al
sacrifico con poco glucégeno muscular ya que la especie caprina es muy excitable (Casey

y Webb, 2010) y sensible al estrés del manejo antes del sacrificio (Ripoll et al., 2011a).

2.4. COLORY CAPACIDAD DE RETENCION DE AGUA

En la carne fresca la forma quimica predominante de la mioglobina es la
oximioglobina, que solo se encuentra en la superficie del musculo en contacto con el
oxigeno, formando una capa de profundidad variable. La oximioglobina tiene el color

rojo brillante que aprecia el consumidor porque lo relaciona con frescura (Mancini y
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Hunt, 2005). Las enzimas musculares consumen el oxigeno disponible durante bastante
tiempo post-mortem, y si el pH ultimo es alto, la actividad de estas enzimas es mayor
(Lawrie, 1998). Cuanto mayor es la actividad respiratoria del musculo menor es la
profundidad de la capa de oximioglobina, y mas rapida su decoloracion (O'Keeffe y
Hood, 1982). Ademads, como ya se ha dicho, con pH alto la capacidad de retencion de
agua también es alta por lo que el agua seguira asociada a las proteinas y las fibras
musculares estaran fuertemente empaquetadas, por lo que habra un impedimento a la
difusién del oxigeno. En general, la oxidacion de la mioglobina se retarda cuando el pH
ultimo es elevado (Purslow et al., 2020). Por lo tanto, el color rojo purpura de la
mioglobina prevalecera sobre el color rojo brillante de la oximioglobina, teniendo la
carne una apariencia mas oscura. A esto hay que afiadirle que la mioglobina a pH alto
absorbe mas luz (Swatland, 2012) y que el coeficiente de dispersion de la luz (S) de carne

con pH alto es menor, y por tanto su luminosidad también es menor (MacDougall, 1994).

Figura 17. Luminosidad (L*) y saturacion (C,;) de carne de diversas especies.
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Adaptado de Alberti et al. (2005a). Con permiso de los autores.

La carne de cabrito lechal se caracteriza por tener una baja cantidad de
pigmentos heminicos en comparacion con la de otras especies. Asi, la carne de cabrito
lechal puede tener valores de menores de 1,3 mg/g (Bafidon et al., 2006), mientras que
el ganado caprino mayor tienen valores superiores a 2,3 mg/g (Kesava Rao et al., 2003).
Otras carnes con mayor cantidad de pigmentos son las de ternasco (2,1 mg/g), ternera

(3,3 mg/g), afiojo (3,0 mg/g) o vaca (6,27 mg/g), mientras que con valores menores
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estarian el pollo (0,8 mg/g) y el conejo (1,0 mg/g) (Alberti et al., 2005a). Asi pues, y
aunque ya se ha comentado que un pH alto de la carne conduce a menor luminosidad,
debido a la poca pigmentacidon de la carne de cabrito, esta es una carne de mayor
luminosidad que la de los otros rumiantes y una saturacién mds baja. Solo las carnes de
ave y conejo serian sustancialmente mas luminosas y con un color con menos

saturacién, es decir, menos vivo (Figura 17).

Ademas de la importancia del estado quimico de los pigmentos heminicos, la
cantidad de pigmentos en la carne también es importante porque modifica la relacién
entre las variables instrumentales de color. Existe una relacidén positiva y significativa,
pero no lineal, entre la cantidad de pigmentos heminicos (mas alld de su estado
oxidativo) con la luminosidad y el tono, de forma que el mismo incremento en el tono
produce un incremento pequefio o grande en la luminosidad si la carne es rica o pobre
en pigmentos heminicos, respectivamente (MacDougall, 1982). Este fendmeno se da
también en el tono puesto que existe una relacion positiva en la carne de cabrito lechal

entre la luminosidad y el tono (Ripoll et al., 2012a).

Figura 18. indices de luminosidad (L*), tono (has) y saturacién (C,p) de la carne de
cabrito lechal segtin su peso de canal caliente y el sistema de lactancia.
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MR, lactoreemplazantes; NM, leche de la madre. La saturacién estd representada por el tamafio
de los puntos.
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En la Figura 18 podemos comprobar esa relacion positiva entre la luminosidad y
el tono, ya que cuando aumenta el tono también lo hace la luminosidad. Sin embargo,
también se puede observar como se definen dos tipos de carne de cabrito, en funcién
de esa relacion positiva. En un grupo de carnes de cabrito, la luminosidad aumenté muy
rapidamente con el incremento de tono mientras que en el otro grupo la luminosidad
aumenté en menor medida con el incremento del tono. En la Figura 18, izquierda se
observa como estos dos grupos de carne no estan definidos por el peso de la canal
caliente, ya que en los dos grupos encontramos canales mas ligeras y mdas pesadas de 5
kg. Sin embargo, en la Figura 18, derecha si se observa cdmo el grupo con menor
pendiente, en el que la luminosidad aumenta menos con el aumento del tono, estd
formado exclusivamente por animales alimentados con leche natural. Sin embargo, en
el grupo de pendiente mayor, donde la luminosidad aumenta mas con el aumento del
tono, se observan animales de lactancia artificial y natural mezclados. Parece pues que
los lactoreemplazantes dan lugar a una carne que se comporta de manera particular,
con grandes cambios de luminosidad cuando cambia el tono, aunque esto no esta claro

y habria que indagar mds en futuras investigaciones.

Por otra parte, se podria pensar que estos dos grupos podrian deberse a
diferencias metodoldgicas en la medida del color. Sin embargo, todos los estudios
utilizan aparatos comparables del mismo fabricante, excepto Caputi-Jambrenghi et al.
(2009). La mayoria de los articulos utilizan el espacio de color CIELab, mientras que dos
de ellos utilizaron el espacio HunterLab. Ademas, puede verse en la Figura 18 que el
valor de la saturacion (tamafio del punto en las figuras), no sigue un patrén definido

respecto del peso de la canal o del sistema de lactancia.

Yalcintan et al. (2018a) encontraron que la carne de cabritos alimentados con
leche natural tuvo mayor luminosidad y tono que los de lactancia artificial. En el estudio
de Bafidn et al. (2006), la carne de lactancia artificial tuvo menos saturacion y mayor
tono que la de lactancia natural. Sin embargo, Moreno-Indias et al. (2012a) encontraron
que el color no se modificaba por el lactoreemplazante. Por otra parte, De Palo et al.
(2015) encontraron que las diferencias en color dependian del tipo de
lactoreemplazante. A nivel de estudios individuales parece que no hay una conclusién

clara al respecto de la influencia del tipo de lactancia ya que puede estar condicionada
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por las razas usadas y el tipo de lactoreemplazante. Sin embargo, al agrupar los datos
de todos los estudios, se aprecia una influencia del sistema de lactancia, que actua de

distinta forma en funcién de los valores de luminosidad y tono de la carne.

Figura 19. indices de rojo (a*) y amarillo (b*) de cabrito lechal segtin su peso de canal
caliente y el sistema de lactancia.
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En la Figura 19 se representan los valores encontrados en la bibliografia para las
coordenadas a*, b* y L*, representada esta ultima por el tamano del punto. El peso de
la canal caliente (Figura 19, izquierda) no influyé en la distribucién de estos pardmetros
de color, estando la carne de los dos pesos de canal repartidos homogéneamente en
funcién de a* y b*. Sin embargo, en los datos segregados por sistemas de lactancia
(Figura 19, derecha) se observa una clara tendencia a que la carne con valores mas altos
de b* (por encima de 8) provenga de animales alimentados con lactancia natural,
mientras que por debajo de este valor encontramos carnes de cabritos alimentados en
los dos sistemas de lactancia. De acuerdo con esto, algunos autores encontraron que la
carne de cabritos y corderos lechales alimentados con leche materna tuvo mayor tono,
es decir, mayor indice de b* menor de a*, que la carne de animales alimentados con
lactoreemplazantes (Osorio et al., 2008; De Palo et al., 2015; Yalcintan et al., 2018b).
Estos autores justifican estas diferencias a diferencias en la cantidad de grasa
intramuscular. Otros autores sefialan que la leche materna puede tener deficiencias de
hierro (Safudo et al., 2012). De forma similar, pero menos clara vemos, que la carne con
valores de a* menores de 6 es de animales de lactancia natural mientras que por encima

de ese valor corresponde a animales criados en cualquiera de los dos sistemas. Sin
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embargo, el niumero de articulos que ofrecen datos de color de carne de cabrito
alimentado con lactoreemplazantes (puntos azules) es pequefio para poder llegar a

conclusiones sélidas.

2.5. TEXTURA INSTRUMENTAL

La textura es un concepto complejo y existen muchas definiciones (Scott Blair,
1976; Brennan, 1980; Bourne, 1982), pero en el dmbito alimentario es ampliamente
aceptada la siguiente definicion: “manifestacion sensorial de la estructura del alimento
y la forma de reaccionar de éste frente a la aplicacidon de fuerzas” (Szczesniak, 1963).
Como se deduce de esta definicion, la dureza es un atributo de textura. Generalmente
es el que se suele medir en ciencia de la carne, puesto que se llega a considerar como la
caracteristica mds importante para los consumidores en el momento del consumo
(Lawrie, 1998; Koohmaraie et al., 2005), aunque en especies con valores de dureza bajos

esta afirmacion es discutible.

El método mds utilizado para medir las caracteristicas texturales de la carne es
el analisis de perfil de textura (TPA). Este método mide varios atributos de textura que
dan una vision completa de la reologia del material. Sin embargo, no hay datos de este
analisis en la bibliografia utilizada. Como alternativa, el método mas comunmente
utilizado para medir la dureza de la carne es el método de Warner-Bratzler, que se
desarrolld en los afios 30 (Bratzler, 1932) y se presentd definitivamente afios mas tarde
(Bratzler, 1949). Otro método ampliamente utilizado es el método de compresion
(Lepetit, 1989) que permite separar las contribuciones a la dureza de las fibras

musculares y del colageno.

Existe poca bibliografia que recoja datos de textura de carne de cabrito lechal en
general, y aun menos de animales alimentados con lactoreemplazantes. En la Figura 20
se muestran los resultados de la fuerza de cizalla Warner-Bratzler y del método de
compresién encontrados en la bibliografia. Mientras que multiples estudios usaron el
método de Warner-Bratzler, solo 2 estudios usaron el test de compresion (Ripoll et al.,
2012a; Guerrero et al., 2016), y no se ha encontrado ninguno que realizara el test de
perfil de textura en cabrito lechal. En la Figura 20 vemos coémo los valores de fuerza

Warner-Bratzler oscilan entre los 9 N y los 70 N aproximadamente aunque la mayoria
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de los datos se encuentran en la horquilla de 25 N a 55 N, con una media de 37,5 N. Los
valores mayores de 55 N corresponden a los estudios de un mismo equipo (Guzman et
al., 2019a; Guzman et al., 2019b). Sin embargo, estos valores mas altos no se pueden

achacar a diferencias en la metodologia.

Figura 20. Fuerza maxima de cizalla Warner-Bratzler (izquierda) y resistencia a la
compresion (derecha) de carne de cabrito lechal.
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Este equipo usé una metodologia estandar con un tiempo de cocinado de 30
minutos a 75°C. Las temperaturas de cocinado de otros estudios oscilan entre 70 °Cy 85
°C 2 durante un tiempo de 30 a 45 minutos. Dos articulos cocinan la carne hasta una
temperatura en el centro de la muestra de 75 °C y uno hasta 70 °C. Respecto a la forma
de hacer las submuestras, se utilizan los dos sistemas mas extendidos, con submuestras
de seccidn circular o cuadrada, pero esto no influyé en la distribucién de los valores de
la dureza.Miller et al. (2001) trabajando con vacuno, encontraron que para los
consumidores, la transicién entre carne dura y tierna ocurre entre los 42 N y 48 N. Otros
autores (Webb et al., 2005) encontraron valores similares a los de Miller et al. (2001).
Asi pues, vemos como la mayor parte de la carne de cabrito lechal se puede considerar
tierna. En la dureza de la carne influyen las proteinas miofibrilares y sarcoplasmaticas,
la naturaleza y contenido del coldgeno y la cantidad de grasa intramuscular (Takahashi,
1996; Tornberg, 1996). Sin embargo, la mayor correlaciéon con la dureza es con la
cantidad de enlaces cruzados resistentes al calor del epi-, peri- y endomisio. El colageno
de los animales viejos es menos soluble que el de los jévenes asi que cuando la carne se
cocina se solubiliza menos, aunque se debiliten los enlaces cruzados, resultando en una

carne mas dura (Warris, 2000). El pH también influye sobre la dureza y lo hace tanto por
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el valor del pH ultimo como de la velocidad a la que se desarrolla la glucdlisis post-
mortem. Asi, la dureza es minima cuando el valor de pH ultimo se alcanza a una
velocidad moderada, mientras que si es muy rdpida o muy lenta la dureza es mayor
(Smulders et al., 1990). Ademas, cuando el pH es mayor de 5,8 aparecen con frecuencia
carnes DFD o de corte oscuro (Immonen et al., 2000). Sin embargo, esto no sucede en

el caso del cabrito lechal.

Respecto del método de compresidn, se observa cdmo hay diferencias entre
razas tanto en la compresion al 20 % como al 80 %. Sin embargo, esta comparacién se
limita a los datos de dos estudios. Este método proporciona una informacién muy util
sobre la textura de la carne, pero su uso no esta tan extendido como el de Warner-
Bratzler. Estda ampliamente aceptado que la compresion a ratios bajas, como el 20 %,
mide la resistencia mecdnica debida a la miofibra muscular ya que con esta ratio de
compresion el tejido conectivo no se comprime, sino que solo se pliega, mientras que la
compresion a ratios altas (80 %) si que mide la aportacion a la dureza del tejido conectivo
(Lepetit, 1989). La media general de las 6 razas de las que hay datos fue de 10,8 Ny 67,2
N para la compresidn al 20 % y al 80 %, respectivamente. El menor valor de compresion
al 20 % lo presenté la raza Blanca Andaluza con 8,5 N y el mayor lo presentd la Murciano-
Granadina con 16,1 N. Con respecto a la compresidn al 80 %, el menor valor lo presenté
la Murciano-Granadina y el mayor la Moncaina, con 57,7 Ny 76,2 N, respectivamente.
Comparando estos valores con cordero lechal, Martinez-Cerezo et al. (2005)
encontraron valores similares de compresion al 20 % en Rasa Aragonesa y superiores en
Merino y Churra, mientras que los valores de compresién al 80 % fueron siempre

menores en el cordero lechal que en el cabrito.

Entre los factores estudiados en los articulos de la revisidon se encuentran el peso
del animal, que no modificé la dureza medida con la célula Warner-Bratzler segin Judrez
et al. (2009) y Yalcintan et al. (2018a), aunque Ripoll et al. (2012a) si que encontraron
gue la carne de canales mas pesadas fue menos dura. El uso de lactoreemplazantes
tampoco afecté a la dureza (Moreno-Indias et al., 2012a; De Palo et al., 2015; Yalcintan
et al., 2018a), al igual que la cria en granjas ecoldgicas o el sexo (Guzman et al., 20193;
Guzmadn et al., 2019b). Sin embargo, Caputi-Jambrenghi et al. (2009) encontraron que la

intensificacion del sistema de manejo de las madres si modificé la textura de la carne
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del cabrito. Otros efectos importantes fueron el manejo estresante de los animales y la

duracion del transporte al matadero (Alcalde et al., 2017).

2.6. ACIDOS GRASOS Y COMPUESTOS AROMATICOS

La grasa de los animales rumiantes se diferencia de la de los animales
monogastricos por tener una mayor concentracién de acidos grasos saturados, debido
a la lipdlisis y posterior biohidrogenacién que sufren los acidos grasos en el rumen
debido a los microorganismos del rumen (Jenkins, 1993). Las bacterias del rumen,
ademas, son las responsables de la aparicion de acidos grasos trans y de cadena
ramificada. Los acidos grasos de cadena ramificada, como el 4-etil octandico y el 4-metil
octandico, son los responsables del olor intenso “a cabra”, y a “ovino mayor”. Dado que
tienen un umbral de olor muy bajo, son importantes para la aceptabilidad de la carne
(Brennand et al., 1989). Sin embargo, el cabrito lechal que se sacrifica muy joven tiene
un aparato digestivo mas parecido al de un monogastrico. Por lo tanto, el perfil de acidos
grasos de la carne de cabrito depende mds de la composicién de la leche ingerida por el

animal (Joy et al., 2012a) que de los procesos bioldgicos del rumen.

Los dacidos grasos se dividen segln su estructura quimica en saturados,
monoinsaturados o poliinsaturados. La mayoria de los dcidos grasos se presentan en la
configuracion cis, aunque también existen los isdmeros trans. Las recomendaciones
nutricionales comunmente aceptadas para la alimentacion humana son la disminucién
del contenido graso en la dieta, una mayor ingesta de acidos grasos insaturados, evitar
la configuraciéon trans, y que esta grasa tenga una relacién de 4cidos grasos

poliinsaturados n-6/n-3 inferior a 4 (Wood et al., 2004).

En la Figura 21se observa cémo el porcentaje de acidos grasos saturados va
desde 38,1 % hasta un 54,8 %, mientras que los insaturados estuvieron entre el 45,2 %
y el 60,6 %. Por estar muy desequilibrado el nimero de estudios no se pueden comparar
sistemas de lactancia, pero se observa en la Figura 21 cdmo, en general, el porcentaje
de acidos grasos saturados de la carne de canales muy ligeras (< 5 kg) se mueve en el
intervalo que va desde 41,2 % a 54,8 % mientras que la carne de canales ligeras (> 5 kg)
presentaron valores inferiores, en el intervalo de 38,1 % a 46,2 %. Evidentemente, la

lectura de los 4cidos grasos insaturados fue la inversa ya que los datos son
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complementarios. Los estudios que compararon el uso de lactoreemplazantes con leche
materna concluyeron que los lactoreemplazantes aumentaron el porcentaje de acidos
grasos insaturados disminuyendo el de saturados (De Palo et al., 2015; Tsiplakou et al.,
2016). La correlacién entre el porcentaje de grasa intramuscular y el porcentaje de
acidos grasos saturados no fue significativa (p >0,05). Esta ausencia de correlacion pudo
ser debida principalmente a la escasa cantidad de grasa intramuscular y el pequeio
rango de valores, aunque otros factores como cuestiones metodoldgicas y el sistema de

manejo y alimentacién de los animales también pudo afectar.

Figura 21. Porcentaje de acidos grasos saturados (SFA) e insaturados (UFA) de la grasa
intramuscular en funcion del peso de canal caliente.
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Respecto de la relacion de los acidos grasos insaturados n-6/n-3 (Figura 22), se
observa en la bibliografia que la ratio n-6/n-3 de la grasa intramuscular de canales de
cabrito lechal con peso menor a 5 kg fue menor (3,4) que la de la grasa de canales con
peso mayor a 5 kg (9,0). Sin embargo, esta media estd influida por los valores de los dos
lotes de cabritos presentados por Tsiplakou et al. (2016), que fueron mucho mayores
que el resto. Sin tener en cuenta este estudio, el rango de valores para la ratio n-6/n-3
de las canales de menos de 5 kg fue de 1,0 a 6,6 mientras que para las canales de mas
de 5 kg fue de 3,1 a 8,9; asi que las canales mas ligeras siguen teniendo una ratio mas
favorable desde el punto de vista saludable, aunque en general tenian mayor porcentaje
de acidos grasos saturados. Los estudios que compararon el uso de lactoreemplazantes
con leche materna concluyeron que los lactoreemplazantes aumentaron relacion n-6/n-

3 (De Palo et al., 2015; Tsiplakou et al., 2016).
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Figura 22. Ratio n-6/n-3 de los acidos grasos de la grasa intramuscular.
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Los acidos grasos, asi como otros compuestos de la carne (hidrocarburos,
cetonas, aldehidos, alcoholes...) y sus interacciones, son responsables del aroma de la
carne (Mottram, 1998a; Mottram, 1998b). Sin embargo, los acidos grasos son los que
dan el aroma particular a cada especie; los compuestos encontrados en extractos
acuosos de procedentes de distintas especies tuvieron aromas similares (Imafidon y
Spanier, 1994), mientras que acidos grasos de cadena ramificada han sido sefialados
como los responsables de los aromas caracteristicos de la especie, tales como los dcidos
4-metil octanoico, 4-metil nonanoico o el 4-etil octanoico (Mottram et al., 1982; Ha y
Lindsay, 1991). Sin embargo, en la bibliografia existente no se han encontrado trabajos
que aporten informacion sobre los acidos grasos de cadena ramificada ni sobre

compuestos volatiles de la carne de cabrito lechal.

En la bibliografia estudiada, no se han encontrado resultados de acidos grasos de
cadena ramificada. A la vista de los resultados de los estudios de la bibliografia
recopilada, no queda claro si este tipo de acidos grasos ramificados no se han
encontrado porgue no se hallan presentes en la carne de cabrito o por la metodologia
empleada, p.ej. la longitud de la columna cromatografica empleada. Otro problema
metodolégico a la hora de comparar estudios es que, al estar los resultados de los acidos
grasos individuales en porcentaje respecto del total de dcidos grasos detectados, estos

resultados son dependientes de la precision y el nimero de acidos grasos detectados.
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2.7. ANALISIS SENSORIAL

En cuanto al analisis sensorial, solo 5 articulos (Moreno-Indias et al., 2012c; Ripoll
et al., 2012a; Borgogno et al., 2015a; Guerrero et al., 2016; Yalcintan et al., 2018a)
abordan este tema. Los distintos objetivos de cada articulo, ademas de la disparidad de
analisis sensoriales utilizados por el uso de distintos panelistas entrenados, distintas
escalas y descriptores, etc... hacen que no se puedan comparar los resultados de los
estudios. Borgogno et al. (2015a) comparé distintas carnes de caprino, partiendo de
cabrito lechal y comparandola con cabritos de varias edades hasta 6 meses, alimentados
tanto en pastoreo como con dietas mixtas. Concluyeron que el cabrito lechal tuvo unas
caracteristicas sensoriales “delicadas” mientras que, con el incremento del peso de la
canal, la carne tenia mas flavor a cabra y era mas dura. Yalcintan et al. (2018a) estudid
el efecto de la lactancia natural y del uso de lactoreemplazantes a dos edades de
sacrificio. Estos autores encontraron que los cabritos mas jévenes tenian una carne mas
tierna, aunque no hubo influencia en la intensidad del olor y del flavor ni en la jugosidad.
Por otra parte, los cabritos alimentados con leche natural fueron mas tiernos y jugosos.
Guerrero et al. (2016) estudiaron la calidad sensorial de cabritos lechales ligeros y
pesados de la raza Bermeya alimentados con pienso y paja comparados con lechales de
cabra Murciano-Granadina y corderos Ternasco de Aragén, usando un panel de cata
entrenado y un grupo de consumidores. Los catadores entrenados no encontraron la
carne de lechal Murciano-Granadino diferente de las otras carnes en la intensidad de
ninguno de los flavores estudiados. En la intensidad del olor a especie, solo se diferencio
del lechal de Bermeya ligero. En cuanto a la terneza, tuvo valoraciones similares al
Ternasco de Aragodn vy al lechal de Bermeya ligero. El panel de consumidores le dio la
misma valoracion de terneza y valoracidn global al lechal de Murciano-Granadina que al
Ternasco de Aragoén. El trabajo de Ripoll et al. (2012a) compard 5 razas caprinas de lechal
sacrificados a dos pesos distintos. No se encontraron diferencias ni entre razas ni entre
pesos en los flavores a cabrito, grasa, metalico, dcido o amargo. Si que influyd el peso
de sacrificio en el olor a cabrito y a leche, siendo mads intensos en los cabritos mas
pesados. Respecto a la terneza, jugosidad y fibrosidad, hubo diferencias entre razas en
los tres parametros y el peso influyd en la terneza y la fibrosidad, siendo la carne de

cabritos mas ligeros mds tierna y menos fibrosa. Por ultimo, Moreno-Indias et al. (2012c)
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compard la carne de cabritos alimentados con distintas leches y lactoreemplazantes con
distintas dosis de acido docosahexanoico. El estudio se hizo con consumidores y un
panel semientrenado y concluyeron que mientras que los consumidores no
diferenciaron la carne de cabritos alimentados con las distintas leches y
lactoreemplazantes, el panel semientrenado si lo hizo. Este panel relacioné la carne de
cabritos alimentados con leche de vaca a la que se afiadid una dosis baja de acido
docosahexanoico, y la carne de cabritos alimentados con lactoreemplazante con dosis

alta de acido docosahexanoico, con flavor a rancio y olor extrafio.

Hay que resaltar que en ninguno de los articulos donde se estudia la calidad
sensorial se ha incluido el sentido de la vista. Sin embargo, este sentido es muy
importante para el consumidor porque es fundamental en la toma de decisiones en el
momento de la compra. El color y la apariencia de frescura son dos caracteristicas claves

para la valoracion de la calidad de la carne (Bernués et al., 2012; Ripoll y Panea, 2019).

3. APRECIACION VISUAL DEL CONSUMIDOR

Conocer el comportamiento y las preferencias de los consumidores y qué
caracteristicas de los alimentos determinan esas preferencias es muy importante para
los productores e intermediarios, asi como para el desarrollo de estrategias de venta por
parte de los detallistas, puesto que el objetivo del marketing es satisfacer las
necesidades del consumidor. Para ello, hay que diferenciar claramente el proceso de
decision de compra o eleccién del consumidor y los factores que influyen en dicho
proceso (Steenkamp, 1997). En el proceso se concatenan cuatro fases: en primer lugar,
sucede el reconocimiento de la necesidad, seguido de la busqueda de informacidn,
posteriormente, se produce una evaluacién de las alternativas disponibles y finalmente
se realiza la eleccion. Este proceso es modificado por tres tipos de factores: las
propiedades del alimento (propiedades fisicoquimicas del alimento como color,
composicién quimica...), los factores que definen a la persona que realiza el proceso,
incluyendo variables bioldgicas (edad, sexo, peso...), psicoldgicas (estilo de vida,
personalidad...) y sociodemograficas (educacién, nivel de renta...) y, por ultimo, los

factores del entorno (culturales y marketing).
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Cuando se han realizado estudios para conocer las preferencias de los
consumidores en relacion a carne fresca, la mayoria de los consumidores estan
interesados en aspectos como el flavor, la frescura, el aspecto, el valor nutricional y la
salud (Bello y Calvo, 2000; Dransfield et al., 2005). Sin embargo, el color de la carne es
la clave intrinseca que mds se utiliza y de las que mas importancia tiene para el
consumidor (Bernués et al., 2012; Ripoll et al., 2012b; Ripoll et al., 2015; Ripoll y Panea,
2019), puesto que el consumidor lo utiliza como indicador de frescura. La conservacién
de la carne fresca siempre es motivo de preocupacién y de mejora, tanto por los
problemas sanitarios que conlleva una carne deteriorada como por las pérdidas
econdémicas que supone el no llegar a realizar la venta porque el aspecto de la carne no
es el que el consumidor espera o desea. Este problema es mas patente en la venta de
carne envasada puesto que al filetear la carne y exponerla al publico, factores como el

oxigeno o la luz comienzan a deteriorar la apariencia y el color de la carne.

Existen muchos estudios que incluyen la valoracién visual de la carne entre sus
pruebas, ya sea mediante panel de expertos o con consumidores (Barbut, 2001; Insausti
et al., 2001; Alberti et al., 2002; Brewer et al., 2002; Banovic et al., 2009; Ripoll et al.,
2012b). Estos estudios suelen realizarse con producto real, pero como la carne es un
producto muy perecedero y cambiante debido a la oxidacién de los pigmentos
heminicos, se dificulta la logistica de la prueba y la encarece. Otros autores abogaron
por el uso de fotografias como una solucién factible (Ngapo y Dransfield, 2006; Cho et
al., 2007; Ngapo et al., 2007), ya que permite comparar muestras que no coexisten en
el tiempo y espacio, pero su uso no esta demasiado extendido en la investigacidn sobre
calidad de la carne, ya que la comparacién sélo es posible si todas las fotografias se
toman en las mismas condiciones (Barbut, 2001) y con un equipo de suficiente
resolucidon. Ademas, el uso de fotografias estandarizadas abre la puerta al uso de otro

tipo de tecnologias, como son las encuestas online.

75



Valoracion sensorial e instrumental de la carne de cabrito lechal

4.ENCUESTAS ONLINE

4.1. DEFINICION

El concepto de encuesta online es amplio y relativamente complejo de definir.
Sin embargo, existe cierto consenso (Paramo, 2001; Evans y Mathur, 2005) en que hace
referencia a “aquellas encuestas mediante las cuales, el encuestado rellena un
cuestionario localizado remotamente en un servidor de Internet al que accede mediante
un hipervinculo, cumplimenta un formulario descargado localmente de un servidor y lo
reenvia por correo electronico, recibe el hipervinculo por email a un cuestionario en un
servidor remoto, lo contesta y lo reenvia por correo electrénico o recibe un documento
en formato digital con el cuestionario por correo electrénico que es descargado en el
ordenador local, cumplimentado y reenviado por el mismo método”. Esta definicién del
afio 2001 puede actualizarse facilmente pensando en las nuevas opciones que han
surgido desde entonces para acceder a informacién (cédigos QR, servicios de mensajeria
instantdnea, redes sociales y servicios de almacenamiento de datos en la “nube”). En
definitiva, todas estas opciones se resumen en el hecho de que el encuestado necesita
tener una conexion a internet tanto para tener acceso al cuestionario, como para hacer
llegar al encuestador los datos. Ademas, se da por hecho que la encuesta es
autoadministrada, es decir, el encuestador no se halla presente mientras el encuestado
rellena la encuesta. Esta falta de contacto entre el encuestador y el encuestado es una

caracteristica fundamental de las encuestas online.

4.2. |IMPLANTACION DEL USO DE INTERNET

La realizacién de encuestas online esta tomando gran importancia a medida que
el acceso a la red se hace mds universal, sobre todo desde la aparicion de los teléfonos
inteligentes con acceso a internet. El nUmero de usuarios de internet esta creciendo ya
que las nuevas generaciones incorporan su uso de forma natural, mientras que las
personas de mayor edad son mas reticentes, pero hay una tendencia a que esa
reticencia desaparezca. Asi, en el aifio 2013, solo el 21 % de los usuarios de 65 a 74 afios
usaba internet, el porcentaje subia hasta un 73 % entre los usuarios de 45 a 54 afios y

llegaba al 98 % cuando la edad oscilaba entre los 16 a 24 afios (ONTSI, 2013), mientras
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que, en el afio 2018, el 72,1 % de los espafioles entre 16 y 74 afios se conectaron a
Internet diariamente, el 82,5 % se conectaron semanalmente y la cifra sube hasta el 96,9
% en el segmento entre 16 y 24 aiflos (ONTSI, 2019b). De hecho, uno de los problemas
de las encuestas por internet, la falta de representatividad (Diaz de Rada, 2012),
desaparece en las sociedades que tienen acceso a internet y familiaridad con su uso
(Scholl et al., 2002). En Espaiia, en el afio 2016, el 85 % de los hogares espafoles tenia
un ordenadory el 77 % tenia conexion a internet (ONTSI, 2017). Ademas, en el afio 2014,
el 81 % de la poblacidn poseia un teléfono inteligente, capaz de conectarse a internety
ejecutar aplicaciones (Ochoa y Castro, 2015) y un 87,7 % de los usuarios de internet se

conectd desde el teléfono (ONTSI, 2019a).

4.3. VENTAIJAS Y DESVENTAIJAS

La importancia de las encuestas online se demuestra en que es el sistema mds
usado actualmente. Aunque la encuesta online adolece de ciertas desventajas, este auge
es consecuencia de una serie de virtudes innegables detalladas por algunos autores
(Evans y Mathur, 2005; Diaz de Rada, 2012), y de las que solo mencionaremos las mads
relevantes. La mas importante y evidente, es el alcance global, que a su vez esta
relacionada con el bajo costo y la facilidad para obtener poblaciones muestrales
grandes. El coste de realizar una encuesta se divide en dos partes, la de preparaciény la
de administracidn. Esta ultima se abarata muchisimo en las encuestas online, mas aln
cuando al ser autoadministradas no requieren entrevistadores ni gastos de envio postal.
Igualmente, no hay que buscar entrevistadores en puntos lejanos. Tanto el bajo coste
de administracion como la facilidad de difundir un enlace a la encuesta, hace que se
puedan conseguir una gran muestra en una breve cantidad de tiempo (Canavari et al.,
2005; Devkota et al., 2007; Nielsen, 2011). Llauradé (2006) estimo que la mitad de las

respuestas se recogen en los 4 primeros dias.

Otra ventaja es la conveniencia para el encuestado. Mientras que en las ultimas
décadas del siglo XX aumentd la no cooperacién en las encuestas presenciales y
telefénicas (Evans y Mathur, 2005; Diaz de Rada, 2012) por ser molestas, en las
encuestas online el encuestado puede elegir el momento mdas conveniente, tomarse el

tiempo necesario e incluso comenzar la encuesta y retomarla a voluntad. Ademas de las
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barreras temporales, las encuestas online superan las barreras fisicas de acceso al
entrevistado, tanto en estratos altos (porteros que regulan la entrada, perros
guardianes, etc.), como en estratos bajos (peligrosidad de barrios marginales, etc.) o
zonas rurales alejadas y permiten acceder a personas ocupadas o con horarios
singulares, dificiles de localizar en las encuestas presenciales o telefénicas (Diaz de Rada,
2012), ademas de salvar también barreras psicoldgicas, puesto que se garantiza el
anonimato. Esto hace que se puedan expresar personas excluidas o las respuestas

menos aceptadas socialmente.

En cuanto a la presentacidn de las preguntas, las encuestas online son flexibles,
de manera que puede haber distintas versiones de un mismo cuestionario para
adaptarse al lenguaje, caracteristicas demograficas y experiencia del encuestado.
También admiten gran variedad de formatos como fotografias, videos y audios
(Manzano y Andréu, 2000). Esta flexibilidad también permite presentar las respuestas en
orden aleatorio, incluso las preguntas, y aplicar filtros de manera que, dependiendo de
las respuestas dadas, se le presenten al encuestado unas preguntas u otras, o incluso se
termine la encuesta si el entrevistado no forma parte de la poblacién a estudiar. Otra
gran ventaja es la transcripcién automatica de la informacidén a un formato informatico
manejable estadisticamente, disminuyendo el coste de mano de obra y los errores de

transcripcion.

No obstante, todas estas ventajas no servirian si no se hubiera demostrado que
los resultados son similares a los recogidos mediante otro tipo de encuestas
autoadministradas, como las encuestas por correo postal (Griffis et al., 2003; Fleming y
Bowden, 2009; Kuttappan et al., 2012). Incluso los resultados son similares comparados
con las entrevistas presenciales (Scholl et al., 2002). Sin embargo, las encuestas online
adolecen de ciertas debilidades, como su percepcion como correo electronico no
solicitado (spam) que hace que no se responda la encuesta, o cierto sesgo debido al
perfil socio-demografico de los internautas, aunque conforme el acceso a internet es
generalizado este sesgo es menor. La ausencia de entrevistador conlleva la
incertidumbre sobre la identidad del encuestado y si ha sido influido por terceros.
También se requiere por parte del encuestado un mayor esfuerzo al no contar con la

ayuda del encuestador. Esto puede traducirse en abandonos de la encuesta. Otro
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inconveniente es la exhaustividad a la hora de abordar todo el universo (errores de no
observacion). Este criterio tiene en cuenta la posibilidad de contactar con toda la
poblacién objeto de estudio, considerando la capacidad de asegurar una
equiprobabilidad de acceso a todo el universo. Las mayores desventajas de las encuestas
autoadministradas mediante Internet estan relacionadas con la dificultad para localizar

muestras representativas (De Leeuw et al., 2008).

En cualquier caso, muchas de estas desventajas son compensadas por el gran
tamafo muestral que se puede conseguir. Existen varias metodologias de muestreo para
realizar encuestas por Internet, siendo la bola de nieve y la auto-seleccidn no restrictiva
dos de los mas empleados (Fricker, 2008) y los que permiten detectar si hay sectores de
poblacién que no contestan a la encuesta. El muestreo por bola de nieve permite
seleccionar un grupo inicial de encuestados (referencias), por lo general al azar, a
quienes después de entrevistar se les solicita que identifiquen a otras personas que
pertenezcan a la poblacion objetivo de interés. De esta forma, los siguientes
encuestados se seleccionan con base en las referencias. Aunque se emplea el muestreo
probabilistico para elegir a los primeros encuestados, la muestra final resultante es no
probabilistica. La mayor ventaja del muestreo por bola de nieve es que incrementa en
forma considerable la probabilidad de localizar las caracteristicas deseadas en la
poblacién. El uso de la metodologia de bola de nieve usando redes sociales para la
difusién de los enlaces a la encuesta y para la captacion de ciertos perfiles de encuestado
ha sido estudiado como especialmente atil (Baltar y Brunet, 2012). Las encuestas de
auto-seleccién no restrictiva son encuestas abiertas a todo el publico. Pueden colocarse
en un sitio web para que cualquiera que la vea elija si hacerla o no o se pueden
promocionar a través de banners, publicidad en internet o publicidad en soportes
tradicionales. La caracteristica principal de este tipo de encuesta es que no pone
restricciones a quién puede participar, por lo que los resultados no siempre pueden
generalizarse a una poblacién mayor que la encuestada, pero eso no niega

necesariamente su utilidad en investigacién (Diaz, 2012).
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Objetivos

El objetivo principal de esta tesis fue:

Estudiar la calidad sensorial e instrumental de la carne del cabrito lechal ligero

de ocho razas autdctonas espafiolas.

Los objetivos parciales fueron:

a.

Estudiar el efecto del sistema de lactancia con leche natural o con
lactoreemplazantes sobre la textura, la composicidon proximal y de acidos
grasos, el color, los compuestos organicos volatiles y la valoracién sensorial
de la carne de cabrito lechal.

Estudiar la composicion proximal del calostro y la leche de cabra y su perfil
de acidos grasos.

Estudiar el efecto del pH sobre la textura y el color de la carne de cabrito
lechal.

Estudiar la vida util de la carne de cabrito lechal en funcién de su color y de
la apreciacion visual de los consumidores.

Estudiar qué criterios utilizan los consumidores cuando evaltan visualmente
la carne de cabrito lechal.

Estudiar la relacidn entre el color instrumental y la valoracién de la carne por

los consumidores mediante el uso de algoritmos de aprendizaje automatico.
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Material y métodos

1. ANIMALES Y DISENO EXPERIMENTAL

Los procedimientos experimentales usados en este trabajo cumplen la normativa
de la Unién Europea (C.E., 1986) para la proteccién de animales usados para

experimentacion y otros propdsitos cientificos.

Se partié de un disefio tedrico en el que se sacrificarian 256 cabritos machos, de
parto simple, pertenecientes a ocho razas espafiolas, con un peso de canal objetivo de
5 kg. Los cabritos fueron criados en la zona geografica propia de cada raza respetando
su sistema de manejo habitual. Sin embargo, dentro de cada raza la mitad de los cabritos
fueron alimentados con lactoreemplazantes (Artificial) y la otra mitad se crio con su
madre (Natural). Para conseguir que los cabritos fueran representativos de la raza vy el
sistema de lactancia, se seleccionaron animales de dos o tres granjas distintas por raza.
Las razas utilizadas fueron Florida, del Guadarrama, Majorera, Palmera, Payoya, Retinta,

Tinerfefa y Verata. El nimero de cabritos sacrificados se muestra en la Tabla 7.

Tabla 7. Numero de cabritos sacrificados por cada raza y sistema de lactancia.
Sistema de lactancia

Raza \ Artificial Natural Total general
Florida 15 15 30
Guadarrama 15 16 31
Majorera 16 16 32
Palmera 15 16 31
Payoya 16 14 30
Retinta 15 15 30
Tinerfeia 16 16 32
Verata 15 15 30
Total general 123 123 246

Los cabritos de lactancia artificial tomaron calostro durante dos dias y
posteriormente tuvieron libre acceso a una nodriza artificial durante 24 horas al dia. Los
lactoreemplazantes usados fueron reconstituidos al 17 % (peso/volumen) vy
suministrados templados a unos 40 °C aproximadamente. El ingrediente principal fue la
leche desnatada (=60 %) y lactosuero. La composicion quimica media de los
lactoreemplazantes fue: grasa total, 25 % + 0.6, proteina bruta 24 % * 0,5, celulosa 0,1

% + 0,0, cenizas 7 % + 0,6, Ca 0,8 % +0,1, Na0,5% £ 0,2, P 0,7 % = 0,0, Fe 36 mg/kg + 4,0,
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Cu 3 mg/kg + 1,7, Zn 52 mg/kg+ 18,8, Mn 42 mg/kg + 14,4, 10,22 mg/kg + 0,06, Se 0,1
mg/kg + 0,06 y BHT 65 ppm * 30.

Los cabritos de lactancia natural permanecian estabulados y separados de sus
madres durante el dia y por la noche se encerraron en el establo con sus madres. En
ninguno de los sistemas de lactancia los cabritos tuvieron acceso a concentrados, heno,
forrajes o cualquier otro suplemento. En ambos sistemas, la leche de las cabras fue
recogida por la mafiana entre las 10:00 hy las 11:00 h en los dias 1, 10 y 30 postpartum.
Se llenaron con leche dos tubos Falcon de 50 ml y se afiadié a cada uno tres gotas de
Azidiol (Panreac Applichem, Barcelona, Espaia). No se utilizé oxitocina para el ordefio.
La composicion quimica (proteina, grasa y lactosa) fue determinada usando un
analizador de leche DMA2001 (Miris Inc., Uppsala, Sweden). Una submuestra de leche
de los dias 1 y 30 de lactacidn se liofilizd y almacend a -80 °C para el andlisis de acidos

grasos.

2.SACRIFICIO Y TOMA DE MUESTRAS

El dia del sacrificio se pesaron los cabritos sin ayuno, registrandose el peso vivo
al sacrificio. Los cabritos se cargaron en un camién y se trasladaron, siguiendo las normas
de bienestar animal (U.E., 2005), al matadero mas cercano a la explotacidn para evitar
el estrés de los animales. Mientras los cabritos esperaron para ser sacrificados tuvieron
acceso a agua, pero no a comida. Se procedid al sacrificio y faenado de acuerdo con las
normas europeas de proteccién de los animales en el sacrificio (U.E., 2009). Los cabritos
se aturdieron eléctricamente solo en la cabeza (1,00 amperios) y posteriormente se
procedid al desangrado, desollado y eviscerado. Inmediatamente tras el sacrificio, se
anoto el peso de la canal caliente, que conservo la cabeza, los testiculos y los rifiones.
Las canales, con un peso de la canal caliente de 4,97 kg + 0,061 kg, se introdujeron en la

camara se refrigeracién y permanecieron en ella durante 24 horas.

De cada media canal se realizo el despiece normalizado descrito por Panea et al.
(2012a), y cada pieza de la canal se destin6 a una determinacion siguiendo el esquema

de la Figura 23. La pierna derecha se envasé y congelé a -20 °C para valorar
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posteriormente la apreciacion visual de consumidores mediante encuestas online y

presenciales.

Figura 23.Esquema de muestreo de la canal de cabrito.

% canal derecha % canal izquierda

Color instrumental de tres musculos
Apreciacién visual con consumidores:
Valoracion con producto real y online

L€

| Cata con consumidores

3D
Cata con consumidores 3

Compuestos aromaticos carne cocina(!Ea
TPA carne cocinada

Compuestos aromaticos carne fresca
TPA carne fresca

pH
Color instrumental
Textura instrumental Warner-Bratzler

pHa ldia
Composicidn quimica
Acidos grasos

Kip)Carne madurada 3 dias envasada al vacio

Se extrajeron los musculos longissimus thoracis (LT) et lumborum (LL) de las dos
medias canales. Posteriormente, se procedié a dividir estos musculos en porciones

destinadas a cada una de las distintas determinaciones (Figura 23).

2.1. LONGISSIMUS THORACIS ET LUMBORUM IZQUIERDO

El pH a 1 dia se midi6 en la cara craneal del musculo longissimus thoracis (LT), a
nivel de la 52 vértebra tordcica (VT) con un pH-metro Crison con sonda de penetracion
(Crison Instruments S.A., Barcelona, Espafia). La porcidon de lomo entre la 52 y 132
vértebras toracicas se envasé en bolsa de vacio y se congeld a -20 °C hasta el momento
de realizar la determinacién de la composicién quimica y el perfil de acidos grasos de la

grasa intramuscular.

El longissimus lumborum (LL), desde la 12 hasta la 62 vértebras lumbares, se

envaso al vacio y se guardd a 4°C durante 3 dias. Pasado este tiempo, se cortd una
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porcién de 2 cm de largo del extremo craneal, se envasé al vacio y congelé a -80 °C
(Sanyo MDF-U5386S, SANYO Electric Co., Ltd., Osaka, Japdn) hasta la realizacién del
analisis de perfil de textura (TPA) y la inmediatamente posterior determinaciéon de
compuestos aromaticos, ambos en carne cocinada. El resto de longissimus lumborum se

envaso y congeld a -20°C hasta la realizacion de la cata de consumidores.

2.2. LONGISSIMUS THORACIS ET LUMBORUM DERECHO

Tanto el longissimus lumborum derecho como el longissimus thoracis derecho,
se envasaron por separado al vacio y se guardaron a 4 °C durante tres dias. Pasado este
tiempo, se realizé la medicién del pH en la cara craneal del muisculo a la altura de la 52
vértebra toracica con un pH-metro Crison con sonda de penetracion (Crison Instruments
S.A., Barcelona, Espaia), y se midid el color instrumental. Inmediatamente, se envasé
en bolsa de vacio y se congeld a -20 °C hasta el momento de realizar la determinacién

de textura instrumental mediante el método Warner-Bratzler.

Figura 24. Localizacion de los musculos en la cara distal de la seccidon de la pierna.

Del longissimus lumborum derecho se cortd una porcién de 2 cm de largo del
extremo craneal y se envasé y congelé a -80 °C (Sanyo MDF-U5386S, SANYO Electric Co.,
Ltd., Osaka, Japdén) hasta la realizacion del analisis de perfil de textura y la

inmediatamente posterior determinaciéon de compuestos aromaticos, ambos en carne
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fresca. El resto de longissimus lumborum se envasé y congeld a -20°C hasta la realizacién

de la cata de consumidores.

2.3. PIERNA DERECHA

De cada una de las piernas derechas congeladas se cortaron con una sierra de
cinta 4 chuletas, de forma perpendicular al fémur, como se aprecia en la Figura 24. Estas
chuletas se usaron para medir el color instrumental, para hacer la valoracidn visual por
consumidores con producto real y también se fotografiaron para hacer la valoracién
visual por los consumidores mediante encuesta online. El resto de la pierna permanecid
congelada a -20 °C. Las chuletas permanecieron congeladas a -20 °C hasta el dia de inicio
del experimento. Las chuletas se sacaron del congelador segun la Tabla 8, y se colocaron
individualmente en bandeja de poliestireno expandido con la cara distal hacia arriba. Las
bandejas se envolvieron con film permeable al oxigeno y a 4°C en oscuridad hasta el dia

de la encuesta con producto real.

Tabla 8. Dias de descongelacion y exposicidn al oxigeno de las chuletas utilizadas en la
valoracidn visual.

Dia de experimento

Dias de exposicion 8 6 3 1
Fotografia X
Encuesta X

Fotografia cenital de las chuletas

El dia de la encuesta (con producto real) se realizaron fotografias de cada una de
las chuletas, en condiciones de luz estandarizadas. Para ello, se colocaron
individualmente en un estudio portatil Cubelite Lastolite (Vitec Imaging Distribution UK,
Leicestershire, Reino Unido) encima de un fondo negro. El estudio se colocé entre dos
focos de 5 bombillas cada una. Las bombillas usadas fueron Cromalite 28 W, luz dia real,
5200 K, 1600 lumenes (Cromalite S.L, Barcelona, Espafia) consiguiendo una iluminancia
media en la superficie de la chuleta de 1.200 luxes. El equipo usado fue una cdmara
Olympus Pen E-PL1 12,3 Mpx con objetivo M. Zuiko digital 14-42 mm 1:3.5-5.6 L

(Olympus Imaging Corp., Shinjuku-ku, Tokyo) colocada cenitalmente sobre la chuleta
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con un tripode. La cdmara operd en modo manual ajustado a un ISO 400, una apertura
de lente de F5.6 y una velocidad de obturacién de 1:125. Antes de la sesidn fotografica,
la cdmara fue calibrada con una carta gris al 18 %. Todas las imagenes se tomaron en
formato bruto (raw), sin flash, filtros o cualquier tipo de edicién digital mas alla del
recorte del area de la foto. flash fotografias se realizaron antes de la medida del color

instrumental para evitar que la manipulacién pudiera estropear la chuleta.

3. ANALISIS INSTRUMENTAL

3.1. COMPOSICION QUIMICA

El porcentaje de humedad de la carne se determind por deshidratacién a 100 °C
hasta peso constante (ISO, 1973). El porcentaje de proteina bruta se determind
mediante el método Kjeldahl (AOAC., 2000). El porcentaje de grasa intramuscular se
cuantific6 mediante el método de Bligh y Dyer (1959). El porcentaje de cenizas se
determiné mediante diferencia de pesadas después de la ignicién en un horno mucha
durante 8 horas (AOAC., 2000). El nitrégeno no proteico se determiné mediante el
método Nessler usando 4 g de muestra después de la precipitaciéon de las proteinas con
acido perclérico 0,6 M, y el nitrégeno aminoacidico se determind mediante la
precipitacion de las proteinas con acido perclérico 0,6 M después de la precipitacion de

péptidos con acido sulfosalicilico al 10 % (Benito et al., 2005).

3.2. COLOR INSTRUMENTAL

Para medir el color de los distintos musculos se realizaron un minimo de dos
medidas representativas en zonas libres de manchas de sangre y vetas de grasa. Para
ello, se utilizdé un espectrofotometro Minolta CM2600d (Konica Minolta Holdings, Inc,
Osaka, Japon). El espectrofotocolorimetro se configurd para utilizar los iluminantes D65,
Cy A, el dngulo del observador fue 10° y el diametro de la apertura de 8 mm. Antes de
cada sesion de medidas se realizd el calibrado con la placa de blanco. Se registré la

luminosidad (L*), el indice de rojo (a*) y el indice de amarillo (b*) (CIE, 1978) y se

ny % _ bx*
calcularon la saturacién o croma C, = /(a*)2 + (b *)2y el tono hy), = tan™! (—) .

ax*

180°
b2

expresado en grados sexagesimales. Antes de medir el color instrumental del
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musculo longissimus thoracis se retird una lamina superficial de la cara caudal del

musculo, y se dejo oxigenar 60 minutos.

En las chuletas de la pierna, una vez realizadas las fotografias, se midié el color
de los musculos semimembranosus, semitendinosus y biceps femoris (Popesko, 1977)

(Figura 24) por ser los que mas superficie de la chuleta ocupan.

3.3. TEXTURA INSTRUMENTAL

Método Warner-Bratzler

Este ensayo se realizd con carne cocinada. Para ello, se descongelaron las
muestras y se cocinaron en un bano termostatico con el agua a 75°C hasta que
alcanzaron una temperatura interna de 70°C, controlada mediante un termdmetro
Testo 108-2 resistente al agua y dotado de sondas de temperatura tipo T (Instrumentos
Testo S.A., Cabrils, Espafia). Una vez enfriadas las muestras durante la noche a
temperatura ambiente, se cortaron un minimo de dos prismas rectangularesde 1 x 1 cm
de seccion en configuracion longitudinal. El ancho y alto de cada muestra se midieron
con un calibre digital Mitutoyo con una resolucién de 0,01 mm (Mitutoyo Co., Japdn). La
determinacién de la textura instrumental del longissimus thoracis se realizé utilizando
un Instron modelo 5543 (INSTRON Ltd., Reino Unido) provisto de una célula Warner-
Bratzler de 1 mm de espesor con una velocidad de la cruceta de 2.5 mm/s. Esta célula
trata de imitar el proceso de masticacion humano (Bratzler, 1932). El corte con la célula
se realizo perpendicularmente a la mayor dimensién del prisma rectangular. Se midié el
esfuerzo maximo (N/cm?), que refleja la fuerza maxima realizada para cizallar la muestra

por unidad de superficie a cortar.

Analisis de perfil de textura (TPA)

La determinacién del andlisis de perfil de textura se realizé utilizando un
texturémetro TA.XTA2i (Stable Micro Systems, Godalming, Reino Unido). El longissimus
lumborum izquierdo se descongeld y cocind de igual manera que el longissimus thoracis
usado para Warner-Bratzler, mientras que el longissimus Ilumborum derecho
permanecio sin cocinar. Se extrajo un cilindro de 1,5 cm de alto y 2 cm de didmetro de
cada muestra. A estos cilindros se les aplicé un ciclo doble de compresion al 50 % de la

altura original. La célula de compresién tenia 6 cm de diametro, 250 N de carga y el
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tiempo de espera entre los dos ciclos fue de 5 segundos. Las curvas de deformacién
fuerza-tiempo se obtuvieron con una velocidad de la cruceta de 1 mm/s. Se

cuantificaron los siguientes pardmetros:

- Dureza (hardness), fuerza mdxima en el primer ciclo requerida para comprimir la

muestra (N).

- Adhesividad (adhesiveness), area negativa bajo el eje de abscisas después de la

primera compresion (N-s).

- Elasticidad (springiness), capacidad de la muestra de recuperar su forma después

de que la fuerza de compresidn desaparezca (cm).

- Cohesividad, grado de deformacién que puede soportar la muestra antes de su

ruptura, adimensional.

- Masticabilidad (chewiness), trabajo necesario para masticar un sélido hasta que

se puede tragar (J). Se calcula como dureza x cohesividad x elasticidad.

- Resiliencia (resilience), capacidad de la muestra para recuperar su altura inicial,

adimensional.

3.4. ACIDOS GRASOS DE LA GRASA INTRAMUSCULAR

La metilesterificacién de los acidos grasos de la leche liofilizada se realizé por
transesterificacion directa usando KOH en metanol (2 N) y se extrajeron usando el
método de Molkentin y Precht (2000). El perfil de acidos grasos fue llevado a cabo

siguiendo el método de Folch et al. (1957).

La determinacion de los esteres metilicos de acidos grasos fue realizada usando
un cromatografo de gases Bruker 436 Scion (Bruker, Billerica, MA, USA) equipado con
una columna de cianopropil (BR-2560, 100 m x 0.25 mm ID x 0.20 um espesor, Bruker,
Billerica, MA, USA), un detector de ionizacién de llama y el software Compass CDS. La
cuantificacién de los acidos grasos se desarrollé como se describe en el método oficial
UNE-EN 12966-4 Official Method (2015). La identificacién se realizé usando GLC 538 y

GLC 463 como referencias estandar (Nu-Chek-Prep Inc., Elysian, Minnesota, USA). Los
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acidos grasos se expresaron como porcentaje de la cantidad total de acidos grasos
identificados. Después de la identificaciéon de los acidos grasos individuales, el total de
acidos grasos saturados (SFA), monoinsaturados (MUFA) y poliinsaturados (PUFA) n-6y
n-3,y la ratio n-6/n-3 fueron calculados. La suma de los acidos grasos deseables en carne
se calculé como MUFA + PUFA + C18:0 (Huerta-Leidenz et al., 1991). También se calculd
la suma de los isdmeros del CLA, los iso- y anteiso- acidos grasos de cadena ramificada

(BCFA), y los cis- and trans- MUFA.

3.5. COMPUESTOS VOLATILES

La determinacion de compuestos volatiles en carne se realizd mediante
cromatografia de gases acoplada a espectrometria de masas. Las muestras se
descongelaron y recortaron para asegurar un grosor de 2 cm. El Jongissimus lumborum
izquierdo se cocind hasta una temperatura en el centro de 75 °C. Posteriormente, las
muestras se picaron y se peso 1 g que se depositd en un vial de espacio de cabeza de 5
ml (Hewlett—Packard, Palo Alto, EEUU) y sellado con un septum de butilo/PTFE (Perkin-
Elmer, Foster City, EEUU) en una capsula de aluminio. Los compuestos volatiles fueron
extraidos con una técnica de microextraccion en fase solida (SPME) con una fibra de 10
mm de largo y 75 um de grosor recubierta con carboxeno/polidimetilsiloxano (Supelco
Co., Bellefonte, EEUU). Previamente a su uso, la fibra fue preacondicionada a 300 °C
durante 1 hora en el puerto de inyeccién de la cromatografia de gases. La fibra se inserté
en el espacio de cabeza del vial a través del septum y expuesta al espacio de cabeza
durante 55 minutos 40 °C en agua con agitacion. La determinacién se realizé usando un
cromatografo de gases Hewlett—Packard 5890 S Il acoplado a un espectrometro de
masas con analizador de trampa de iones Hewlett—Packard 5971A (Hewlett—Packard,
Palo Alto, EEUU). Una columna 5 % fenil- 95 % dimetilpolisiloxano (50 m x 0,32 mm ID,
1,05-um espesor del film; Hewlett—Packard) se usé para la separacién de los compuestos
volatiles. Se usd helio como gas transportador. La muestra se inyecté en el puerto sin
division (splitless). La fibra se mantuvo en el puerto de inyeccidon a 250 °C durante el
analisis cromatografico. La temperatura llegd de manera isoterma durante 5 minutos a
35 °C y aumentd progresivamente hasta 150 °C a 4 °C min-'seguida de 250 °C a 20 °C
minl. La temperatura se mantuvo a 280 °C en la linea de transferencia. El espectrémetro

de masas operd en el modo de ionizacidén por impacto de electrones, con una energia
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del electro de 70 eV, un multiplicador de tensién a 1756 V y recogida de datos con una
ratio de 1 escaneo por segundo en un rango de 10 a 365 m z-1. Se utilizéd una mezcla de
n-alcanos (R-8769, Sigma—Aldrich, Steinhein, Alemania) bajo las mismas condiciones
para calcular el indice de Kovats de los distintos compuestos. Los compuestos volatiles
fueron identificados por comparacion de su masa espectral con los datos de la base de
datos del National Institute of Standards and Technology (NIST) y el indice de Kovats. La
cuantificacidn se basé en el cromatograma de iones totales o de ion individual en una

escala arbitraria.

4. ANALISIS SENSORIAL

Todas las pruebas de esta tesis que involucraron a personas se realizaron de
acuerdo con la Declaracion de Helsinki. La participaciéon en dichas pruebas fue
completamente voluntaria y anénima y no se recibié ningun tipo de compensacion
econdmica. No se solicitaron datos personales como correo electrénico o nombre. Los
participantes fueron informados de forma clara del objetivo del estudio y de que al
finalizar las encuestas o cata daban su consentimiento implicito para utilizar la
informacién suministrada de acuerdo a la Directiva Europea 95/46/EC sobre la materia
(U.E., 2010). De acuerdo con estos condicionantes, se considerd innecesaria la

aprobacion de estas pruebas por parte de un comité ético.

4.1. CATA CON CONSUMIDORES

Se realizé una prueba de cata con consumidores mediante la técnica de home-
test (Dransfield et al., 2000), excluyéndose de las pruebas a la poblacién vegana o
vegetariana. Se repartieron a 114 consumidores dos muestras de longissimus lumborum
madurado 3 dias, una de lactancia natural y otra de lactancia artificial de la misma raza,
para que hicieran la cata en su hogar. Los ensayos en el hogar son de gran valor para
obtener informacién sobre el producto en una situacion real (Lunde et al., 2010), y se
recomienda que el nUmero de muestras a evaluar en el hogar no sea mayor a dos, ya
que se necesita mayor tiempo para probarlas (Santa Cruz et al., 2005). Con la bolsa de
muestras se les entregd una hoja de cata con las instrucciones a seguir y las preguntas a

contestar (Anexo A). A los consumidores se les pidid que cocinaran la carne a la plancha
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y que evitaran condimentos como la sal o especias. Una vez probada la carne debian
valorar de 1 a 10, donde 1 era muy mala y 10 muy buena, la aceptabilidad del flavor, la
aceptabilidad de la jugosidad y la impresion general. En la encuesta se incluyeron
preguntas sobre factores sociodemograficos (edad y sexo) y sobre factores psicograficos
(frecuencia semanal de consumo de carne, gusto por la carne y si habian probado

anteriormente la carne de cabrito) (Anexo A).

4.2. APRECIACION VISUAL EN VITRINA REFRIGERADA

En esta prueba se quiso valorar el efecto de la lactacién y el tiempo de exposicion
al oxigeno en la apreciacién visual de consumidores no entrenados. Dado que el
consumidor no entrenado es muy susceptible al cansancio cuando se le obliga a valorar
demasiadas muestras y puede comenzar a dar valoraciones erraticas, se decidié limitar
esta prueba a una sola raza de las estudiadas (Guadarrama) y a un limitado nimero de
valoraciones. Por ello, de todas las chuletas, se seleccionaron dos de lactancia artificial
y dos de lactancia natural por cada tiempo, cuyos valores de L*, hay y C,;, fueran
representativos de todas las chuletas medidas para los tres musculos. Se tuvieron en
cuenta los pardmetros L*, has y C;p, ¥y no a* y b* porque los primeros pardmetros se
asemejan mas a la percepcion del color que tienen los humanos (Wyszecki y Stiles, 1982;

Ripoll et al., 2012b).

El dia de la encuesta, las chuletas representativas se numeraron con tres digitos
al azar y se expusieron, segun el disefio de la Figura 25, en una isla refrigerada Carrier
Multinor 1540/80 con una superficie de exposicién de 1 m? (1,3 m x 0,8 m) (Carrier
Refrigeracion lbérica SA, Espafia) equipada con luces led (flujo luminoso: 816 Im;
temperatura de color: 4000 K; indice de rendimiento cromatico >80; tolerancia de color:
3 elipses de MacAdam (MacAdam, 1942)). La isla refrigerada a una temperatura de O-
2°C se ubicé en las instalaciones del Centro de Investigacion y Tecnologia
Agroalimentaria de Aragdn (CITA). El nivel de iluminacién en la superficie de exposicién
fue de aproximadamente 1300 luxes, garantizandose siempre 1000 luxes, que es el nivel
minimo de iluminacién en zonas donde se ejecutan tareas con exigencias visuales muy
altas, segun el Real Decreto 486/1997 (B.O.E., 1997). De esta forma se queria simular las

condiciones normales a las que se expone la carne en un supermercado.
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Figura 25. Disefo de la presentacion de las chuletas en la vitrina refrigerada.

1 3d x J J
minmm
Bl ]
x| o1 i3 [

Bandejas azules, lactancia artificial; Bandejas blancas, lactancia natural; x, y: repeticién de cada
tiempo y lactancia; 1d, 3d, 6d, 8d: tiempo de exposicion al oxigeno, en dias.

Los consumidores fueron reclutados de entre el personal trabajador vy
estudiantes del Campus de Aula Dei sin relacion con el proyecto. A cada consumidor se
le entregd un formulario de encuesta donde se les preguntaba por su edad y sexo.
Respecto de las chuletas, se les pidid que las evaluaran por su aspecto en relacion con
el color, valorando del 1 (muy malo) al 10 (muy bueno) el aspecto general y, ademas,
expresaran su intencion de compra de cada chuleta como consumidor (si/no). Los

participantes tardaron unos 10-20 minutos en llevar a cabo la tarea.

4.3. VALORACION VISUAL MEDIANTE ENCUESTAS ONLINE

Se disefiaron dos encuestas online con un ambito geografico limitado a Espafia.
Asi, las encuestas respondidas desde otros paises se eliminaron. Se utilizé un servicio
online de encuestas (www.encuestafacil.com), y los datos se exportaron a una hoja de
Microsoft Excel. Los cuestionarios se probaron por investigadores no involucrados en el
estudio y fueron adaptados hasta que la versién final fue aprobada, equilibrando en la
encuesta minuciosidad, simplicidad y brevedad. Los cuestionarios se distribuyeron
utilizando redes sociales y listas de correo, incluyendo un mensaje que invitaba al

encuestado a reenviar el enlace a la encuesta a otras personas de su lista de contactos.
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Ambas encuestas incluian una seccidn sociodemografica donde se les
preguntaba sobre su edad, sexo y lugar de residencia. Adema3s, se les preguntaba sobre
si habian probado la carne de cabrito anteriormente, y si era asi, si le gustaba la carne
de cabrito. Al final de la encuesta se preguntd qué criterio de seleccion le habia llevado
a elegir un filete u otro (color de la carne, color de la grasa, tamano de la chuleta, forma

de la chuleta o brillo de la carne).

Efecto del sistema de lactancia y tiempo de exposicion

La primera encuesta online en la que se estudio el efecto del sistema de lactancia
y tiempo de exposicidon se realizd con las fotografias de las mismas chuletas utilizadas
para la prueba de apreciacidn visual con producto real en vitrina refrigerada. En esta
encuesta se valoraron chuletas de la raza del Guadarramaa 1, 3, 6 y 8 dias de exposicién.
Se mostraron a los encuestados 8 grupos de 4 fotografias cada uno, siguiendo el

esquema de la Tabla 9.

Tabla 9. Diseiio de presentacion de chuletas en la encuesta online.

Foto a) b) c) d)

Pregunta 1 ART, 1d ART, 3 d ART, 6 d ART, 8 d
Pregunta 2 NAT, 1d NAT, 3 d NAT, 6d NAT, 8 d
Pregunta 3 ART, 1d NAT, 1d ART, 8 d NAT, 8 d
Pregunta 4 ART, 3 d NAT, 3d ART,6d NAT, 6d
Pregunta 5 ART,1d ART, 3d ART,6d ART, 8d
Pregunta 6 NAT, 1d NAT, 3d NAT, 6d NAT, 8 d
Pregunta 7 ART, 3 d NAT, 3 d ART, 1d NAT, 1d
Pregunta 8 ART, 8d NAT, 8 d NAT, 6d ART, 6d

NAT, sistema de lactancia natural; ART, sistema de lactancia artificial

Efecto del sistema de lactancia

Para realizar esta encuesta se utilizaron las imagenes de las razas Cabra del
Guadarrama, Majorera, Palmera y Tinerfefia a 1 dia de exposicién al oxigeno. Se
mostraron a los encuestados 4 grupos de dos fotos donde tenian que elegir para cada
raza el sistema de lactancia preferido. Las chuletas elegidas para la encuesta fueron
representativas de su raza y sistema de lactancia en funcién de L*, hy, y Cyp, v la forma

y el tamafio de la chuleta se equilibré entre y dentro de los grupos de fotos.
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4.4. ANALISIS ESTADISTICO

El analisis estadistico se realizd con los softwares SAS 9.3.32 (SAS Institute, EEUU)
y XLStat v.3.05 (Addinsoft, EEUU). En general, las variables de pH, composicién quimica,
color instrumental, textura y acidos grasos se analizaron por medio de un Modelo
General Lineal con el sistema de lactancia y la raza como efectos fijos y el peso de canal
caliente como covarianza. La comparacién entre medias se realizé con el test de

Bonferroni a un nivel de significacién de 0,05.

Otro tipo de andlisis estadisticos realizados, como correlaciones, analisis de
componentes principales, de conglomerados o el uso de algoritmos de aprendizaje

automatico se detallan en los articulos donde fueron usados.
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Texture profiles of suckling kids

1.INFLUENCE OF THE USE OF MILK REPLACERS AND PH ON THE
TEXTURE PROFILES OF RAW AND COOKED MEAT OF SUCKLING KIDS

Este apartado ha dado lugar a la publicacién:

Ripoll G., Alcalde M.J., Cérdoba M.G., Casquete, R., Argliello A., Ruiz-Moyano, S., Panea
B. 2019. Influence of the use of milk replacers and pH on the texture profiles of raw and

cooked meat of suckling kids. Foods, 8: 589

1.1. RESUMEN

El objetivo de este articulo fue estudiar el perfil de textura del musculo
longissimus thoracis et lumborum de cabritos lechales alimentados con leche natural de
sus madres o con lactoreemplazantes. Se criaron 246 cabritos machos, de parto simple,
de 8 razas caprinas: Florida, FL; Cabra del Guadarrama, GU; Majorera, MA; Palmera, PL;
Payoya, PY; Retinta, RE; Tinerfefia, Tl; Verata, VE, en dos sistemas de lactancia. Los
cabritos se alimentaron con lactoreemplazantes (MR) o con leche de sus madres (NM).
Se analizd el pH, la fuerza de cizalla Warner-Bratzler, el andlisis de perfil de texturay la
composiciéon quimica de la carne. Los cabritos también fueron agrupados en funcién de
su pH por medio del método K-means. El efecto del sistema de lactancia en el perfil de
textura estuvo fuertemente modulado por la raza. Los valores de fuerza Warner-Bratzler
y la dureza de la carne en ambos sistemas de lactancia fueron muy bajos. Sin embargo,
el uso de lactoreemplazantes incrementé la frecuencia de carne con pH alto, lo que
modificé las variables de textura, disminuyendo la fuerza Warner-Bratzler pero
incrementando la cohesividad y la adhesividad. En consecuencia, dependiendo de la
estrategia comercial de la granja, la eleccién de raza y sistema de lactancia se deben

considerar juntas.

1.2. INTRODUCTION

Approximately 4.7 million head of goats and kids were slaughtered within the
European Union in 2017 (Eurostat, 2019)). Meat from goats is considered healthy

because it is low in calories and fat (Ribeiro et al., 2018). However, Mediterranean goat
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farms are mainly focused on production of cheese and milk products because they have

higher prices than cow milk (Castel et al., 2003; Yalcintan et al., 2018a; Yalcintan et al.,

2018b). When kid goats are reared with their dams, the availability of milk for cheese

production is decreased, and the quality of milk may change. Although most of the
incomes per goat on the dairy farm come from the sale of milk, 20 % of the total income
comes from the sale of kids (Castel et al., 2012). These kids are weaned very early and
reared with milk replacers. Milk replacers specifically formulated for kids result in good
daily weight gain. The kids are mostly slaughtered at a very light carcass weight of 5-7
kg, and this meat is perceived by consumers to be of high quality (Marichal et al., 2003).
However, some farmers believe that kids reared with milk replacers provide tougher
meat (Arglello et al., 2005) and are opposed to this practice. This belief could be
explained by the fact that most of the kid meat with high pH comes from kids raised on
milk replacers (Ripoll et al., 2019a), which might induce tough meat. On the other hand,
meat of kids reared with milk replacers was preferred by consumers based on its
appearance. Additionally, the purchase intentions were greater for kids reared with milk

replacers (Ripoll et al., 2018a).

Meat sensory evaluation is determined from a complex interaction of sensory
and physical processes during chewing, with tenderness being the most important
(Caine et al., 2003). Tenderness is the sensory variable that is most related to the overall
appraisal (Panea et al., 2011). Therefore, several instrumental methods have been
developed to study the textural characteristics of meat. The most important are the
Warner-Bratzler method (Bratzler, 1932), which provides a main variable based on the
maximum force to shear the sample and is usually used with cooked meat; few studies
have used the Warner-Bratzler method to assess raw meat. The texture profile analysis
(TPA) is also a widely used method. This test provides a set of variables describing the
rheological characteristics of meat and has been used in both raw and cooked meat.
Both instrumental methods are often used as an approximation of sensory tenderness
because they are easier and cheaper than sensory analysis. The use of raw meat is quick,
but it is cooked meat that is consumed by people. TPA of raw meat predicted sensory
tenderness better than the Warner-Bratzler method, but the Warner-Bratzler method

was more correlated with the sensory tenderness of cooked meat than the TPA (Ruiz de
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Huidobro et al., 2005). Therefore, it seems that the best options to analyze meat
tenderness are the TPA for raw meat and the Warner-Bratzler method for cooked meat.
There have been some studies about the Warner-Bratzler shear force of suckling kids
(Marichal et al., 2003; Arguello et al., 2005; Bonvillani et al., 2010; Zurita-Herrera et al.,
2013; Ozcan et al., 2014; Borgogno et al., 2015a; De Palo et al., 2015), but there have
been no such studies using TPA. Because pH and milk quality could affect kid meat
texture and because information about TPA of suckling kid meat is scarce, the aim of
this work was to study the texture profile of fresh and cooked meat from suckling kids

raised with natural milk or milk replacers.

1.3. MATERIALS AND METHODS

Animals

All procedures were conducted according to the guidelines of Directive
2010/63/EU on the protection of animals used for experimental and other scientific
purposes (E.U., 2010). Suckling male kids of eight goat breeds (Florida, FL; Cabra del
Guadarrama, GU; Majorera, MA; Palmera, PL; Payoya, PY; Retinta, RE; Tinerfefia, TI;
Verata, VE) were reared on two or three farms per breed in their respective local areas.
Animals were all born from single parturition, and half were raised with milk replacers
(MR), while the other half were raised with natural milk from the dams (NM). Kids in the
MR rearing system were fed colostrum for the first 2 days and had free access to milk
replacer 24 h a day, which was suckled from a teat connected to a unit for feeding a
liquid diet. Commercial milk replacers were reconstituted at 17 % (w/v) and given warm
(40 °C). The main ingredients were skimmed milk (=60 %) and whey. The chemical
composition of the milk replacers was as follows: total fat 25 % * 0.6, crude protein 24
% + 0.5, crude cellulose 0.1 % +0.0,ash 7% +0.6, Ca0.8% + 0.1, Na0.5% +0.2,P 0.7 %
+ 0.0, Fe 36 mg/kg + 4.0, Cu 3 mg/kg + 1.7, Zn 52 mg/kg + 18.8, Mn 42 mg/kg + 14.4, |
0.22 mg/kg + 0.06, Se 0.1 mg/kg + 0.06 and BHT 65 ppm * 30. Kids in the NM rearing
system were kept separated from their dams during the day while the dams grazed. At
night, they were housed with their dams in a stable and suckled directly from dams with
no additional feedstuff. Kids from both rearing systems had no access to concentrates,

hay, forages or other supplements. The natural milk of goats at 30 d postpartum was
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collected in the morning, and the chemical composition of the milk was determined

using a DMA2001 milk analyzer (Miris Inc., Uppsala, Sweden).

Carcass sampling

The numbers of kids used are shown in Table 1. The 246 kids were slaughtered
at a live weight of 8.47 kg + 0.077 kg. Because the kids of the different breeds were
raised in different places, to minimize the effect of the transport, they were slaughtered
in a slaughterhouse close to each farm, hence, the duration of the transport from farm
to slaughterhouse ranged from 30 to 60 min. The animals of different groups and farms
were never mixed during transport or at the slaughterhouse. Standard commercial
procedures according to the European normative for protection of animals at the time
of killing (E.U., 2009) were followed. Head-only electrical stunning was applied (1.00 A)
to kids, which were then exsanguinated and dressed. Thereafter, the hot carcasses,
including head and kidneys, were weighed to achieve a hot carcass weight (HCW) of 4.97
kg + 0.061 kg. Afterwards, the carcasses were hung by the Achilles tendon and chilled
for 24 h at4 °C.

Table 1. Means, standard error and p-value for breed effect on proximal composition
of natural milk 30 d post birth in eight goat breeds.

Breed Protein, % Fat, % Lactose, %
Florida 3.79b 5.11 be 4.05
Cabra del Guadarrama 335¢ 4.09 © 4.10
Majorera 4,552 4,78 < 4.11
Palmera 4.54 2 5.40 4.16
Payoya 3.78° 4,29 de 4.19
Retinta 3.79b 5.38 4.20
Tinerfefia 4.30° 4.58 de 4.10
Verata 4.2272b 5.82 2 4.25
Standard error 0.147 0.181 0.062
Breed effect (p-value) <0.001 <0.001 0.33

Different superscripts indicate significant differences (p < 0.05).

After carcass chilling, the longissimus thoracis et lumborum muscle of both the
left and right halves of the carcasses were extracted and sliced. The pH was measured
on the left longissimus thoracis with a pH-meter equipped with a Crison 507 penetrating
electrode (Crison Instruments S.A., Barcelona, Spain). Then, the left longissimus thoracis

was vacuum packed and frozen at -20 °C until chemical composition analyses. The right
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longissimus thoracis was vacuum packed, aged for 3 days at 4 °C in darkness and frozen
at -=20 °C until Warner-Bratzler maximum stress determination. The longissimus
lumborum muscle of both the left and right half carcasses were extracted, vacuum
packed, aged for 3 days and frozen at -20 °C until TPA of raw and cooked meat,

respectively.

Meat chemical composition

The moisture content of meat (Moist) was determined by dehydration at 100 °C
to a constant weight by the ISO recommended methods (ISO, 1973). Crude protein (CP)
was determined following the Kjeldahl method (AOAC., 2000). Intramuscular fat content
(IMF) was quantified using the method of Bligh y Dyer (1959). Ash content was assessed
by dividing the weight before and after ignition in a muffle furnace for 8 h (AOAC., 2000)
(Ash). Analyses were run in duplicate and expressed as the percentage of fresh meat.
Non-protein nitrogen (NPN) was determined by the Nessler method using 4 g of sample
after protein precipitation with 0.6 M perchloric acid, and amino acid nitrogen (AN) was
determined from the 0.6 M perchloric acid protein precipitation fraction after peptide

precipitation with 10 % sulfosalicylic acid as described in Benito et al. (2005).

Meat texture

An Instron machine model 5543 (Instron Limited, Cerdanyola, Spain) was used to
determine the shear force of cooked longissimus thoracis (LT). Samples were thawed in
tap water for 4 h until they reached an internal temperature of 16—19 °C. Then, the
samples were heated in a water bath at 75 °C to an internal temperature of 70 °C.
Temperature was controlled with a Testo 108-2 waterproof food thermometer with a
Type T thermocouple (Instrumentos Testo S.A., Cabrils, Spain). Then, the steaks were
cooled overnight at room temperature. Cross-sectioned meat blocks of 1 cm?and a3 cm
length were measured with a Mitutoyo digital caliper (Mitutoyo Co., Kawasaky, Japan)
with a resolution of 0.01 mm. The samples were sheared perpendicularly to the long axis
of the block using a Warner-Bratzler device with a cross-head speed of 2.5 mm s%. The
maximum stress (load at maximum peak shear force per unit of cross-section, in N cm™2)

was determined.
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Samples of longissimus lumborum (LL) were thawed in tap water for 4 h until
they reached an internal temperature of 16—19 °C. Then, samples of the left LL were
heated in a water bath at 75 °C to an internal temperature of 70 °C; samples of the right
LL remained raw. TPA was performed at room temperature using a TA.XTA2i texture
analyzer (Stable Micro Systems, Godalming, UK). One cylinder with a 1.5 cm height and
2 cm diameter was prepared from every sample. A double compression cycle test was
performed at up to 50 % compression of the original portion height with an aluminum
cylinder probe with a 6 cm diameter. A time of 5 s was allowed to elapse between the
two compression cycles. Force—time deformation curves were obtained with a 250 N
load cell applied at a cross-head speed of 1 mm/s. The following parameters were
quantified: hardness (maximum force of the first compression cycle required to
compress the sample, N), adhesiveness (negative area under the abscissa after the first
compression, N-s), springiness (ability of the sample to recover its original form after the
deforming force was removed, cm), cohesiveness (extent to which the sample could be
deformed prior to rupture, dimensionless), chewiness (work required to masticate a
solid food before swallowing, J) and resilience (ability of a product to recover its original

height, dimensionless).

Statistical Analysis

All statistics were calculated using the XLSTAT statistical package v.3.05
(Addinsoft, New York, N.Y. USA). Studied variables were analyzed using the ANCOVA
procedure with the breed (B) and the rearing system (RS) as fixed effects and the hot
carcass weight (HCW) as a covariate. Least square means were adjusted for an HCW of
4,965 kg, and differences were tested with the Bonferroni test at a 0.05 level of
significance. Pearson’s correlations between the raw studied variables and between the
residuals of variables were calculated. Principal component analysis (PCA) was
performed by projecting the pH, chemical composition and textural variables as active
variables and the rearing system and breed as supplementary data to highlight the
associations between the loadings of the variables (Gagaoua et al., 2018). There was
used the varimax rotation and a biplot of variables and centroids were plotted. Kids were

clustered together based on their pH by k-means clustering using Wilk’s lambda as
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classification criterion. The statistical procedure tested the classification from 2 to 5

clusters to maximize the intergroup variability and minimize the intragroup variability.

Table 2. Value of pH at 24 h and chemical composition of longissimus thoracis muscle
of kids reared with milk replacer (MR) or natural milk from their dams (NM).
NPN AN
mg/g mg/g
FL MR 15 5.69% 78.03? 1.88%"  18.30%  1.18%® 3,086  (.822%
NM 15 561  77.11®*  1.97%f 1868 1.18°  3.491°¢  1.043°
GU MR 15 566  76.88%® 4.29°  19.25¢ 1.11%°  5.454° 0.2368
NM 16 5.67% 71.36' 5.16°  23.99*  0.96° 4.699% 0.290
MA MR 16 5.81¢ 74.50¢ 1.78%f  23.22° 1,08 3,047°¢ 1619
NM 16  5.86° 73.16° 0.89f 2497  1.10%¢  1.702%f  1.426%°
PL MR 15 6.16° 75.31¢¢  1.729%f  24.05%® 1.16%®  2.802°“¢  0.826%
NM 16  5.85° 74.07% 1.29¢F  23.82%® 1.01%  1.743%f  1.422%
PY MR 16 5.80° 76.88°  1.63°F  16.89°  1.17%®  2.244%%¢  0.471°%
NM 14 5.78<  76.90% 1.11F  20.30° 1.12%¢  2.695%  (.635%f
RE MR 15 5,538 78.08*  2.68°¢ 1951 1.10%°  1.466°F  0.790%
NM 15 5.55% 76.17°¢  2.97°  19.25¢  1.21*  2.210%f  1.113
T MR 16 6.01° 75.06% 1.32¢F  23.81* 1.08°¢ 3,513  (.983
NM 16  5.88¢ 74.66¢ 1.45¢F  23.56% 1.04%%  2.602¢ 1.754°
VE MR 15 5.84¢ 76.99% 3.16°  18.22%  0.96°  2.699°  0.685%
NM 15 579  76.19%¢  2.16% 19.41¢ 1,09° 0.476f 0.688%

s.e. 0.039 0.441 0.324 0.511 0.031 0.363 0.080
B <0.001 <0.001 0.001 <0.001 0.001 <0.001 <0.001
RS 0.006 <0.001 0.26 <0.001 0.47 0.002 <0.001
B*RS <0.001 <0.001 0.11 <0.001 <0.001 <0.001 <0.001

"B, Breed; RS, Rearing system; s.e., standard error; Moist, percentage of moisture on fresh basis;
IMF, percentage of intramuscular fat on fresh basis; CP, percentage of crude protein on fresh
basis; Ash, percentage of ashes on fresh basis; NPN, non-protein nitrogen in mg/g fresh meat;
AN, amino acid nitrogen in mg AN/g fresh meat; FL, Florida; GU, del Guadarrama; MA, Majorera;
PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata. Least square means has been
adjusted for an HCW of 4.965 kg. Different superscripts indicate significant differences (p <0.05).

The number of clusters was selected to ensure significant pH differences among
all clusters and to avoid clusters formed by 10 or fewer observations. The inter- and
intra-class variabilities of the clusters were 80.8 % and 19.2 %. Then, ANCOVA was
carried out for the pH and texture variables, with the pH cluster as a fixed effect and
HCW as a covariate. A Duncan test was used to compare means, with a significance of p
< 0.05. The independence between the rearing system and the pH clusters was tested

with the x2 test.
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1.4. RESULTS

Chemical composition of natural milk and longissimus thoracis muscle

The chemical composition of the natural milk of goats is shown in Table 1.
Differences between breeds were found in protein and fat percentages (p < 0.001).
Majorera, Palmera and Tinerfefia had the highest values of protein, while Cabra del
Guadarrama had the lowest such value. In addition, Cabra del Guadarrama had the
lowest value of fat, and Verata had the highest value. The lactose percentages ranged

from 4.05 to 4.25 without differences among breeds (p > 0.05).

Table 3. Texture profile of raw longissimus lumborum muscle of suckling kids reared
with milk replacer (MR) or natural milk from their dams (NM).

B' RS Hardness Adhesiveness Springiness Cohesiveness Chewiness Resilience
(N) (-N-s) (cm) (-) (J-107) (-)
FL MR  14.38b« 0.26% 0.83b 0.45% 5.18¢ 0.246%®
NM  14.97° 0.21° 0.87% 0.47% 6.60° 0.247%
GU MR  10.46¢ 0.09¢ 0.90% 0.44% 4.10¢ 0.2313b¢
NM  11.97< 0.11¢ 0.90% 0.47% 5.08¢ 0.265°
MA MR  11.90¢ 0.11¢ 0.80% 0.44% 4.14¢ 0.195°¢
NM  14.21 0.17¢ 0.89% 0.47% 5.96°¢ 0.252%®
PA MR  17.60° 0.37% 0.93? 0.46% 7.44% 0.263?
NM  14.99° 0.21° 0.89% 0.48° 6.37° 0.266°
PY MR  18.74°¢ 0.29°¢ 0.86%° 0.43% 6.80° 0.242%°
NM  33.41° 0.34"¢ 0.843bcd 0.41° 11.352 0.240%°
RE MR  22.22° 0.96° 0.86° 0.35¢ 6.585¢ 0.120¢
NM  13.81 0.53° 0.91%° 0.48° 5.77°¢ 0.210
Tl MR  12.14 0.14¢ 0.90% 0.45% 4.67 0.237%
NM  17.88° 0.26 0.89% 0.47% 7.28% 0.246%®
VE MR  16.72°« 0.31°¢ 0.89% 0.46% 8.74% 0.210%
NM  14.45°« 0.21¢ 0.78¢ 0.47% 5.16% 0.236%
s.e. 1.662 0.058 0.016 0.013 0.641 0.009
B <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
RS 0.086 0.044 0.773 <0.001 0.023 <0.001
B*RS <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

" B, Breed; RS, Rearing system; s.e., standard error; FL, Florida; GU, del Guadarrama; MA,
Majorera; PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata. Least square means
has been adjusted for an HCW of 4.965 Kg. Different superscripts indicate significant differences
(p < 0.05).

The chemical composition of longissimus thoracis muscle is shown in Table 2. The
pH at 24 h ranged from 5.53 to 6.16. There was a significant interaction between breed
and rearing system (p < 0.001). Most of the breeds had the same pH when the kids were

reared in both rearing systems. However, the Payoya and Tinerfefia kids reared with
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milk replacers had greater pH than those kids reared with natural milk (p < 0.05). The
rearing system did not affect the percentage of intramuscular fat (IMF), whereas breed
did (p < 0.001). Guadarrama kids had the greatest values of IMF, and Florida, Majorera,
Palmera, Payoya and Tinerfefa kids had the lowest (p < 0.05), while Retinta and Verata
kids had intermediate values (p < 0.05). The protein percentage was affected by an
interaction between breed and rearing system (p < 0.001). Therefore, kids of
Guadarrama, Majorera and Payoya fed natural milk (NM) had a greater percentage of
protein than kids fed milk replacers (MR) (p < 0.05). However, the kids of the other

breeds had a similar percentage of protein in both rearing systems (p > 0.05).

Table 4. Texture profile of cooked longissimus lumborum muscle of suckling kids
reared with milk replacer (MR) or natural milk from their dams (NM).
RS’ Hardness Adhesiveness Springiness Cohesiveness Chewiness Resilience

(N) (-N-s) (cm) (-) (J-107) (-)
FL MR 8.17% 0.002¢ 0.83? 0.77? 5.42%d 0.36%
NM 9.08% 0.008° 0.85° 0.75% 5.86°% 0.30°¢
GU MR 8.27¢% 0.008°¢ 0.862 0.65¢ 4.67° 0.31°¢
NM 8.51% 0.026°¢ 0.822 0.65¢ 4.53¢ 0.29¢
MA MR 6.92¢ 0.010°¢ 0.87° 0.773b<d 4.36° 0.33%¢
NM 7.77% 0.040"° 0.88? 0.732bcd 5.09¢% 0.343b¢
PA MR 8.13¢% 0.034¢ 0.90? 0.703b< 5.13¢de 0.32"¢
NM 8.77% 0.035 0.86° 0.68< 5.23¢de 0.32%¢
PY MR  11.72¢« 0.012°¢ 0.852 0.76% 7.552b¢ 0.39?
NM  10.38%e 0.012°¢ 0.85? 0.742b¢ 6.68°cde 0.342b¢
RE MR 28.14° 0.2712 0.66° 0.52¢ 9.12° 0.14¢
NM 17.53 0.092° 0.80° 0.65¢ 8.31% 0.23¢
TI MR 8.23¢% 0.016° 0.92° 0.702bcd 5.33¢de 0.33%
NM 9.08¢% 0.037% 0.89? 0.69°¢d 5.58% 0.30¢
VE MR  15.01% 0.039%° 0.822 0.702b<d 8.51% 0.28°
NM  11.96 0.012¢ 0.84° 0.772b<d 7.543bcd 0.32"¢
s.e. 0.919 0.013 0.023 0.016 0.489 0.012
B <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
RS 0.002 0.011 0.365 0.042 0.518 0.859
B*RS <0.001 <0.001 0.001 <0.001 0.438 <0.001

" B, Breed; RS, Rearing system; s.e., standard error; FL, Florida; GU, del Guadarrama; MA,
Majorera; PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata. Least square means
has been adjusted for an HCW of 4.965 Kg. Different superscripts indicate significant differences
(p<0.05).

Meat texture
The texture profile of raw longissimus thoracis muscle is shown in Table 3. The
interaction between rearing system and breed was significant (p < 0.001) for every

variable, but in general, the effect was more noticeable for breed than for rearing
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system. The Retinta breed was mostly affected by the rearing system, with a higher
hardness in the milk replacer system than in the natural system, whereas adhesiveness,
cohesiveness and resilience presented higher values for the natural milk system. In the
Majorera breed, the rearing system affected only springiness and resilience, both of
which were higher in the natural milk system than in the milk replacer system. In
contrast, in the Verata breed, springiness was higher in the natural milk system than in
the milk replacer system, with the rest of the variables being unaffected. Finally, in the
Payoya breed, the only variable affected by the rearing system was chewiness, which
was higher in the natural milk system than in the milk replacer system. The Florida, Cabra

del Guadarrama, Palmera and Tinerfefia breeds were not affected at all (p < 0.05).

Regarding the breed effect on the raw texture profile, the Retinta breed
presented higher values for adhesiveness, and Verata had the highest values for
chewiness, independent of the rearing system (p < 0.05). In addition, in the milk replacer
system, Retinta presented the lowest values for cohesiveness and resilience, whereas
Cabra del Guadarrama presented the lowest chewiness values, and Palmera presented
the highest values for resilience. In the natural milk system, Payoya presented higher
values for chewiness than the other breeds (p < 0.05). Chewiness was affected only by

breed (p < 0.001).

The texture profile of cooked longissimus thoracis muscle is shown in Table 4.
The interaction between rearing system and breed was significant (p < 0.001) for every
variable except chewiness (p > 0.05). The rearing system affected the hardness,
adhesiveness, springiness and cohesiveness only of Retinta kids. The use of milk
replacers increased the two first variables and decreased the two latter variables (p <
0.05). There was an effect of breed but not rearing system on chewiness (p < 0.001). The
resilience of Florida and Retinta was increased and decreased, respectively, by the use
of milk replacers (p < 0.05). Cooking had a great effect, decreasing hardness and
adhesiveness while decreasing cohesiveness. Chewiness and resilience were slightly

affected by cooking, and springiness was not affected.

The Warner-Bratzler maximum stress is shown in Figure 1. The maximum stress

was affected by the significant interaction (p = 0.0002) between the breed and rearing
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system. In addition, the covariate of HCW was also significant (p = 0.004). The maximum
stress of Payoya and Retinta were affected by the rearing system (p < 0.05) but in
opposite ways. Florida, Guadarrama, Payoya, Retinta and Verata had maximum stress
values greater than 30 N cm-2, while Majorera, Palmera and Tinerfeiia had lower values

(p < 0.05).

Figure 1. Warner-Bratzler maximum stress of longissimus thoracis muscle from kids
reared with milk replacer (MR) or natural milk from their dams (NM).
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Principal component analysis and correlations

There were many significant correlations among the studied variables. Warner-
Bratzler maximum stress was significantly correlated with the TPA results of raw and
cooked meat (p < 0.001), except for chewiness (raw) and resilience (cooked) (p < 0.05).
However, most of the correlations became nonsignificant (p > 0.05) when correlation
analysis was performed with residuals of variables. This general absence of correlations
demonstrates that there was an important influence of carcass weight. Hence, the
Warner-Bratzler maximum stress was not correlated with any of the variables (p > 0.05).
Similarly, there was no correlation between the chemical composition of natural milk
and muscle (p > 0.05) or between the chemical composition of muscle and the TPA
results of cooked meat (p > 0.05). However, moisture was correlated with the
cohesiveness (0.14; p < 0.01) and chewiness (0.14; p < 0.01) of raw meat, and protein

percentage was correlated with resilience (0.18; p = 0.006). Raw meat TPA variables
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were correlated among themselves (from -0.17; p = 0.008 to 0.91; p < 0.001) similarly
to cooked meat TPA variables (from 0.23; p < 0.001 to 0.90; p < 0.001). Correlations
between the TPA variables of raw and cooked meat were small but significant (from

0.13; p = 0.04 to 0.27; p < 0.001).

Figure 2. Bi-plot of the texture variables.
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MR, milk replacer; NM, natural milk; raw, variables determined on raw meat; ckd, variables
determined on cooked meat; Hard, hardness; Adh, adhesiveness; Spr, springiness; Cohe,
cohesiveness; Chew, chewiness; Res, resilience; WB, Warner-Bratzler maximum stress; Moist,
moisture; CP, crude protein; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata. The overall Kaiser-Mayer-Olkin score of the PCA
was 0.73 (Bartlett’s test of sphericity was significant, p < 0.001). The eigenvalues of PC 1 and PC2
are 5.6 and 3.2, respectively.

A principal component analysis was made with the chemical composition, TPA
on raw and cooked meat and Warner-Bratzler maximum stress. There were five principal
components with eigenvalues higher than 1 explaining the 81.7 % of variability. Figure 2
shows the bi-plot of the two first principal components, explaining the 55.2 % of the

variability.

114



Texture profiles of suckling kids

Resilience of cooked meat, springiness of raw meat, amino acidic nitrogen, non-
protein nitrogen, ash and intramuscular fat were not included in the final PCA due to
their Kaiser-Meyer-Olkin values. Three breeds (TI, PL and FL) were placed closer to the
abscissas axis in the positive side, being related with cohesiveness on both raw and
cooked meat, springiness and adhesiveness on cooked meat, resilience on raw meat and

pH.

Table 5. Comparison of meat pH on chemical composition and texture of meat of the
three pH clusters identified by the k-means algorithm.

Variables CL1 CL2 CL3
(51.2%) (36.6%) (12.2%)
% of MR kids 54.4 40.5 76.7 0.001
pH 5.6¢ 5.8 6.22 0.020  <0.001
Chemical composition
Moisture, % 75.82 75.61 75.38 0.310 0.689
Intramuscular fat, % 2.59°2 1.96° PRI 0.196 0.015
Crude protein, % 20.42° 21.36° 22.34° 0.381 0.010
Ash, % 1.11 1.09 1.10 0.017 0.380
NPN, mg/g 3.08° 2.48° 2.892 0223  0.041
AN, mg/g 0.91 0.97 0.85 0.065 0.397
TPA raw meat
Hardness, N 15.47 16.15 17.94 1.023 0.390
Adhesiveness,-N-s 0.38¢@ 0.20° 0.3072 0.037 <0.001
Springiness, cm 0.88° 0.86°¢ 091° 0.009 0.001
Cohesiveness 0.43° 0.46° 0.46°2 0.007 0.005
Chewiness, J-1072 5.86° 6.29° 7.60° 0.371 0.029
Resilience 0.21° 0.24° 0.26° 0.006 <0.001
TPA cooked meat
Hardness, N 13.792 9.53b 9.13b 0.753  <0.001
Adhesiveness,-N-s 0.08 @ 0.02° 0.02° 0.009 <0.001
Springiness, cm 0.80° 0.86° 0.90° 0.012 <0.001
Cohesiveness 0.66° 0.72°2 0.722 0.010 <0.001
Chewiness, J-1072 6.40 5.99 6.14 0.296 0.466
Resilience 0.26 0.29 0.34 0.047 0.634
Warner-Bratzler
Max. Stress, N/cm? 38.4°2 34.0° 27.0¢ 1.284  <0.001

The percentage of kids per cluster is between brackets. NPN, non-protein nitrogen in mg/g fresh
meat; AN, amino acid nitrogen in mg AN/g fresh meat. MR, milk replacer. s.e., standard error;
Sig, signification of the effect Different superscripts in the same row indicate significant
differences (p < 0.05).

The natural milk rearing system was also related with those variables but it had

less importance than breeds. In the opposite side of the abscissas axis were placed
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moisture and chewiness, gumminess, hardness and Warner-Bratzler maximum stress on
cooked meat. RE was the breed related with these variables while VE was placed close
to the origin of coordinates. Chewiness, gumminess and hardness on raw meat were
related positively to the second PC and Payoya was placed together with those variables.
Finally, GU and MA were related with adhesiveness on raw meat. Although most of the
studied variables were affected significantly by an interaction between rearing system
and breed, according the PCA the effect of breed was more important than the effect of

rearing system.

Effect of pH on kids meat quality

Once the meat samples were clustered according their pH at 24 h, the
percentage of samples within each cluster, average pH and percentage of kids in the MR
group within each cluster were calculated and are shown in Table 5. There were
significant differences in pH between clusters (p < 0.001). There was also a relationship
between the rearing system and the pH cluster (x> = 13.8; p = 0.001). Therefore, the
frequency of kids from both rearing systems was similar in the first and second clusters,

but 76.7 % of kids from cluster 3 with an average pH of 6.2 were in the MR group.

1.5. DISCUSSION

On average, the goat’s milk in this study had a higher content of fat and protein
than those reported by other authors using comparable breeds (Rota et al., 1993;
Delgado-Pertifiez et al., 2009b; Zervas y Tsiplakou, 2011; Sanchez-Macias et al., 2014;
Torres et al., 2014; Hernandez-Castellano et al., 2016; Kusza et al., 2018). However, the
milk had similar lactose levels to those reported by several authors (Zervas y Tsiplakou,
2011; Hernandez-Castellano et al., 2016; Kusza et al., 2018), but lower levels than those
reported by others (Delgado-Pertiiiez et al., 2009b; Torres et al., 2014; Margatho et al.,
2018). Both the fat and protein content are correlated with the energy of the diet,
although in an opposite way. Undernutrition mainly due to grazing results in a decrease
in protein and an increase in fat due to the mobilization of body fat (Zervas y Tsiplakou,
2011). However, the high protein content in this study demonstrates that the goats were

fed adequately.
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High pH values for kid meat are widespread in the literature, suggesting that
goats are generally highly prone to stress (Webb et al., 2005; Casey y Webb, 2010). The
pH values found in the literature for kids were similar to those reported in the present
study (Marichal et al., 2003; Bafidn et al., 2006; Santos et al., 2007; Peia et al., 2009a;
Ripoll et al., 2011a; Teixeira et al., 2011; Safiudo et al., 2012; Ripoll et al., 2019a) with
comparable farming systems and slaughter weights. Most of the reported values were
in the range from 5.5 to 5.8, which is considered optimal for goat meat (Herold et al.,
2007). However, Tinerfefia raised with natural milk had a pH = 6.01, indicating
preslaughtering stress (Dhanda et al., 2003b). While suckling lambs reared with natural
milk or milk replacers had the same pH (Osorio et al., 2008), kids are very sensitive to
preslaughter stress (from transport, lairage, isolation, etc.) (Ripoll et al., 2011a). Young
kids are more susceptible to emotional stress than old ones (Safiudo et al., 2012)
because younger animals are still largely dependent on their dams (Napolitano et al.,
1995). Therefore, the higher frequency of kids fed milk replacers with high pH values
could be explained because kids weaned early do not have enough skills to manage
emotional stress (Napolitano et al., 1995). The consequences of preslaughter stress are
well known and are often responsible for DFD meats (Dhanda et al., 2003b). However,
the meat of the group with high pH values did not show a modified moisture content.
Moreover, the Warner-Bratzler shear force and the hardness of the cooked meat were
lower in the meats with high pH than in the meat with low pH. Watanabe et al. (1996)
reported that toughness increased from 5.5 to 5.8 with higher pH values. However, high
pH values increased other textural parameters, such as chewiness and adhesiveness.
Therefore, high pH kid meat is not tough but may be perceived as different by
consumers. In addition to these different textural characteristics, high pH values are
undesirable because the spoilage of meat increases when the pH is close to 7 (Lawrie,

1998).

The chemical composition of light suckling kid meat, especially intramuscular fat,
was influenced mainly by the breed, but the rearing system had a slight influence. In
agreement with these results, Zurita-Herrera et al. (2013) and Arguiello et al. (2005) did
not find differences in the chemical composition of LTL between the same rearing

systems. It has been confirmed that the low amount of IMF is characteristic of suckling
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kids (Ripoll et al., 2012a; Vacca et al., 2014), because visceral fat deposits tend to be
increased before intramuscular fat deposits in goats (Banskalieva et al., 2000). However,

an exception was found in Cabra del Guadarrama with IMF higher than 4 %.

To the best of our knowledge, there have been no TPA studies of suckling kid
meat, either raw or cooked. Nor has there been any TPA study of suckling lambs with
comparable slaughter weights. Choi et al. (2018) reported that the meat of Australian
lamb had higher hardness and adhesiveness, similar springiness, chewiness and
cohesiveness and lower cohesiveness than those of kid meat. Oneng et al. (2015) also
reported higher values of hardness but lower chewiness of lamb meat compared to
suckling kid meat. Baiodn et al. (2006) did not use the TPA but studied the sensory
characteristics of suckling kids. Hence, these researchers did not find differences in
chewiness between rearing systems, but meat from kids fed milk replacers was tenderer
than that from natural milk-fed kids. Comparing more meats to suckling kid meat, duck
cooked breast had higher hardness, lower chewiness and springiness and similar
cohesiveness and resilience as kid meat (Khan et al., 2019). Both raw and cooked chicken
breast had higher hardness and lower chewiness than kid meat (Rabeler y Feyissa, 2018).
Romero de Avila et al. (2014) performed a TPA of cooked hams, which had higher
hardness and lower adhesiveness, cohesiveness and springiness than suckling kid meat.
However, different variations in the TPA parameters, such as the compression ratio and
speed, and the dimensions of the samples make the comparison of results challenging
(Novakovi¢ y Tomasevi¢, 2017). Therefore, Wee et al. (2018) measured the texture
profile of 59 foods and found significant correlations between the chemical composition
and the textural properties of food. These authors reported that carbohydrate content
decreases hardness. Adhesiveness was the variable most influenced by chemical
composition, being increased by humidity and decreased by protein and fat contents.
Regarding the effect of cooking, Ruiz de Huidobro et al. (2005) reported that hardness,
chewiness and springiness of beef increase with cooking in disagreement with our

results.

While TPA data are scarce, there is more information about the application of
the Warner-Bratzler method to suckling kids and lambs. The literature often compares

the use of natural milk and milk replacers to raise kids of just one breed, so conclusions
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about the influence of milk replacers on meat quality are misleading. Hence, it has been
reported that meat toughness is not affected by the rearing system when suckling lambs
and kids are slaughtered at very low live weight (Arglello et al., 2005; Osorio et al.,
2008). This is likely because collagen content and solubility are more affected by the age
(Lawrie, 1998) than by the rearing system (Argiello et al., 2005; Bafién et al., 2006;
Zurita-Herrera et al., 2013). However, we found that some breeds, such as Payoya and
Retinta, were affected by the rearing system but were affected in contrasting ways.
Unfortunately, as far as we know, there are no similar studies focused on these breeds.
Zurita-Herrera et al. (2013) reported low Warner-Bratzler shear force at 1 d postmortem
on kids of Murciano-Granadina fed milk replacers. Values of approximately 30 N have
been reported for very light suckling kids, such as capretto and cabrito at 1-2 d
postmortem (Dhanda et al., 2003b; Zurita-Herrera et al., 2013; De Palo et al., 2015), in
agreement with the results of our study. Other authors reported higher values than 30
N for kid meat (Rotondi et al., 2018; Yalcintan et al., 2018a; Yalcintan et al., 2018b) in
meat aged from 1 d to 3 d. These values are also lower than those reported for other
meats (Babiker et al., 1990; Ripoll et al., 2013; Calvo et al., 2014). Additionally, these
values are lower than the values of extremely tender beef (Huffman et al., 1996; Miller
et al., 2001). Shackelford et al. (1991) reported that meat having Warner-Bratzler shear
force values higher than 54 N would be assessed as tough by consumers. However, the
transition from tough to tender occurred between 42 N and 48 N (Miller et al., 2001). In
our study, cooked meat had slightly less hardness than raw meat. Cooking softens the
connective tissue but toughs the myofibrils. Therefore, the meat would be tougher or
tenderer depending on the temperature and cooking time (Lawrie, 1998). Machlik y
Draudt (1963) studied the influence of cooking time and temperature in very small
cylinders of beef. These authors concluded that heating meat at 712C decreased the
toughness during the first 9 min of cooking. The samples of the kids were also small, and
the samples reached the temperature endpoint quickly. Thus, toughness diminished due

to cleavage of the peptide bonds and mature crosslinks (Lawrie, 1998).

1.6. CONCLUSIONS

The effect of rearing system on the textural profile was strongly modulated by

breed. The values of Warner-Bratzler shear force and hardness found in these breeds
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under both rearing systems were very low. Hence, the toughness of very light suckling
kids should not be a determining factor in choosing a breed or rearing system.
Nevertheless, the use of milk replacers increased the pH of meat, which modified the
textural parameters, decreasing the shear force but increasing cohesiveness,
adhesiveness and cohesiveness. Consequently, depending on the commercial strategy

of the farm, the election of the breed and rearing system must be considered together.
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2.EFFECT OF THE REARING SYSTEM ON THE COLOR OF FOUR
MUSCLES OF SUCKLING KIDS

Este apartado ha dado lugar a la publicacién:

Ripoll G., Alcalde M.J., Argliello A., Cérdoba M.G., Panea B. 2019. Effect of the rearing
system on the color of four muscles of suckling kids. Food Science & Nutrition, 7: 1502-

1511

2.1. RESUMEN

El objetivo de esta publicacion fue estudiar la influencia del uso de
lactoreemplazantes en el color de cuatro musculos de cabrito lechal. Se sacrificaron 246
cabritos lechales para conseguir canales de 5 kg. El color de los musculos biceps femoris,
semimembranosus, semitendinosus vy longissimus thoracis se midi® con un
espectrofotdmetro y se registraron las coordenadas de color en el espacio ClELab. El
efecto del sistema de lactancia en el color de los musculos estudiados estuvo

fuertemente condicionado por la raza.

En términos generales, hay dos grupos de cabritos de acuerdo al color de su
carne. El primer grupo, cuya carne tuvo valores altos de Luminosidad y Tono, incluye a
las razas Malagueia, Palmera y Tinerfefia criadas en ambos sistemas de lactancia. El
segundo grupo, caracterizado por tener una carne con un indice de rojo alto incluyd la
Retinta, Payoya y Verata criadas en ambos sistemas junto con la Florida alimentada con
leche de sus madres y la Cabra del Guadarrama alimentada con lactoreemplazante. Asi
pues, los criadores deberian considerar elegir conjuntamente la raza ligada al sistema
de lactancia en funcién del tipo de carne que quieran producir. La mayoria de la carne
de cabrito con pH alto procedié de animales criados con lactoreemplazantes. Como este
sistema de lactancia lleva a cabo destetes muy tempranos, que pueden inducir pHs altos
y carnes oscuras, se proponen dos estrategias de cria con lactoreemplazantes. Una
opcidn es elegir razas menos sensibles al estrés que produzcan carne con pH normal. La
otra opcion seria restringir la lactancia natural, pero minimizando la separacién de la

madre.
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2.2. INTRODUCTION

Spain produces 10.9 % of kid meat in the European Union, and 80 % of this kid
meat originates from the light suckling kid category (cabrito) (MAPAMA, 2016b). Goat
milk is a valuable product. Therefore, some goat farmers remove kids from their dams
at a very young age and rear them with milk replacers to produce cheese from the
mother’s milk. When kid goats are reared with their dams, the quantity and quality of
milk available for cheese production may change. Hence, milk from Florida, with no
suckling kids, has more fat, protein and non-fat dry extract than milk from dams suckling
kids (Delgado-Pertifiez et al., 2009b), although other breeds only show a tendency to
increase fat and protein in milk from dams with no suckling kids (Delgado-Pertifiez et al.,
2009a). However, some farmers still rear kids with their dams because it is believed that
kid meat is more tender when they are reared with natural milk than artificial suckling
systems (Arglello et al., 2005). On the other hand, the leg chops of kids reared with milk
replacers are preferred by consumers because the meat is paler and dull, having lower
a* and C,;, values. Additionally, the purchase intention during the time of display is
greater for kids reared with natural milk than that for kids reared with milk replacers

(Ripoll et al., 2018a).

Although the longissimus thoracis et lumborum (LTL) is the most common muscle
used in studies focused on suckling kid meat color (Dhanda et al., 2003b; Todaro et al.,
2004, Bafién et al., 2006; Bonvillani et al., 2010; Ekiz et al., 2010; Teixeira et al., 2011),
other studies have measured the color of other muscles, such as semitendinosus or
triceps brachii (Marichal et al., 2003; Arglello et al., 2005; Zurita-Herrera et al., 2013).
Kid meat is often sold as rib and leg chops. The largest muscle by area in rib chops is the
LTL, but leg chops provide other muscles to consumers than the LTL, which are also
important for the purchase decision (Ripoll et al., 2018a). Muscles from the leg and LTL
have different functions, different metabolism patterns and different proportions of
muscle fiber types, which are correlated with color (Lee et al., 2010). Hence, the use of
natural milk or milk replacers could affect the color of the muscles differently. Therefore,
the aim of this work was to study the influence of the use of milk replacers on the color

of four muscles of eight breeds of suckling kids.
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2.3. MATERIAL AND METHODS

Animals
All procedures were conducted according to the guidelines of Directive
2010/63/EU on the protection of animals used for experimental and other scientific

purposes (E.U., 2010).

Suckling male kids of 8 goat breeds (Florida, FL; Cabra del Guadarrama, GU;
Majorera, MA; Palmera, PL; Payoya, PY; Retinta, RE; Tinerfefia, TI; Verata, VE) were
reared in two or three farms per breed in their respective local areas. Animals were all
born from single parturitions. Half of these animals were raised with milk replacers (MR),
and the other half were raised with natural milk from dams (NM). Kids reared on the MR
rearing system were fed colostrum for the first 2 days and had free access to the milk
replacer 24 h per day, which was suckled from a teat connected to a unit for feeding a
liquid diet. Commercial milk replacers were reconstituted at 17 % (w/v) and given warm
(40°C). The main ingredients was skimmed milk (* 60 %) and whey. The chemical
composition of milk replacers was: Total fat 25 % + 0.6, crude protein 24 % + 0.5, crude
cellulose 0.1 % +£0.0,ash 7% £ 0.6, Ca0.8% + 0.1, Na0.5% £ 0.2, P 0.7 % + 0.0, Fe 36
mg/kg + 4.0, Cu 3 mg/kg + 1.7, Zn 52 mg/kg+ 18.8, Mn 42 mg/kg + 14.4,10.22 mg/kg +
0.06, Se 0.1 mg/kg + 0.06 and BHT 65 ppm + 30. Kids reared on the NM rearing system
suckled directly from dams with no additional feedstuff. At night, they were housed with
their dams in a stable. Kids from both rearing systems had no access to concentrates,

hay, forages or other supplements.

The numbers of kids used are shown in Table 6. A total of 246 kids were
slaughtered at a live weight of 8.47 kg £ 0.077 kg. Standard commercial procedures
according to the European guidelines for the protection of animals at the time of killing
(E.U., 2009) were followed. Head-only electrical stunning was applied (1.00 A) to kids,
and they were then exsanguinated and dressed. Thereafter, hot carcasses, including the
head and kidneys, were weighed, achieving a hot carcass weight (HCW) of 4.97 kg +
0.061 kg. Afterwards, carcasses were hung by the Achilles tendon and chilled for 24 h at
4°C.
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Carcass sampling

After carcass chilling, the LTs of the right half of the carcasses were extracted,
vacuum-packed and aged for 3 days. Afterwards, the longissimus thoracis muscle (LT)
was extracted from the bag, a layer of muscle was retired to allow 1 hour of blooming
and the color was measured. Then, pH was measured with a pH-meter equipped with a

Crison 507 penetrating electrode (Crison Instruments S.A., Barcelona, Spain).

The right hind leg was vacuum-packed and stored at -20°C. Then, a chop of each
frozen leg was sliced and thawed overnight at 4°C in darkness. The biceps femoris (BF),
semimembranosus (SM) and semitendinosus (ST) muscles of the leg were chosen
(Popesko, 1977) because they are the muscles that represent most of the area of the

chop, and the color was measured.

Instrumental color

The muscle colors were measured using a Minolta CM-2006d
spectrophotometer (Konica Minolta Holdings, Inc., Osaka, Japan) in CIEL*a*b* space
(CIE, 1986) with the specular component included, 0 % UV, an observer angle of 10° and
zero and white calibration. The integrating sphere had a 52 mm diameter, and the
measurement area (diameter of 8 mm) was covered with a CM-A149 dust cover (Konica
Minolta Holdings, Inc., Osaka, Japan). The illuminant used was D65. The
spectrophotometer was rotated 90° on the horizontal plane before each reading, and
the mean of 3 readings was used for analysis. The lightness (L*), redness (a*) and

yellowness (b*) indexes were recorded using the SpectraMagic NX software (Minolta

b*) 180°
T

Co. Ltd., Osaka, Japan), and the hue angle (hy, = tan™?! (; —) and chroma (C,;;, =

\/(a *)2 + (b *)?) were calculated.

Statistical analysis

All statistics were calculated using the XLSTAT statistical package v.3.05
(Addinsoft, USA). The studied variables were analyzed using ANCOVA with the breed (B),
rearing system (RS) and their interaction as fixed effects and the hot carcass weight
(HCW) as a covariate. The least square means were estimated, and differences between

means were tested with the Bonferroni test at a 0.05 level of significance.
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Principal Components Analysis (PCA) was performed with the color variables of
the four muscles studied. PCA was performed to determine the number of independent
variables that account for most of the data variation. Variables with a factorial load
greater than 0.7 were retained, and PCA was repeated. The retained variables were the
L*, a* and hg;, of the four muscles. The KMO test value was 0.84, and the Bartlett's test
of sphericity was significant (P < 0.0001). A Varimax rotation was applied to redistribute

the variance among factors.

Kids were clustered together based on their pH by k-means clustering. The
number of clusters was selected to identify significant pH differences among all clusters
and to avoid clusters formed by 10 or fewer observations. Then, ANCOVA was carried
out for the pH and color variables, with the pH cluster as fixed effect and HCW as a
covariate. A Bonferroni test was used to compare means, with a significance of P < 0.05.
The independence between the rearing system and cluster of pH was tested with the 2

test.

2.4. RESULTS

pH of the longissimus thoracis

The pH ranged from 5.49 to 6.38 (Table 6). There was a significant interaction
between breed and rearing system (P < 0.001). The rearing system did not modify the
pH in most of the breeds (P > 0.05). However, Palmera, Payoya and Tinerfena kids reared

with milk replacers had a higher pH than that of kids reared with natural milk (P < 0.05).

Instrumental color of the muscles

The color of LT is shown in Table 6. All of the color variables were affected by the
interaction between the breed and rearing system (P < 0.001). The use of milk replacers
increased the L* of Payoya (P < 0.05) and decreased L* of Tinerfena (P < 0.05), but the
other breeds were not affected (P > 0.05). There was a large range of hg values, from
20.97 to 95.70. Most of the breeds were not affected by the rearing system, but Florida,
Cabra del Guadarrama and Malaguefia kids had increased hgp values when fed with MR

(P <0.05).
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Table 6. Color and pH of the longissimus thoracis muscle of kids reared with a milk
replacer (MR) or natural milk from their dams (NM).
B RS n pH L* a* b* hab C
FL MR 15 5.54#¢ 58.752 -1.208 12.42°<4 95,702 12.34¢de
NM 15 5.49¢ 55.692bcd 0.55f@ 13.08° 88.06° 12.97¢de
GU MR 15 5.759% 50.849¢fe 4.31¢ 8.28¢f 62.73f 9.48f
NM 16 5.719f 48.66' 7.37¢ 9.00¢ 50.808 12.06¢¢e
MA MR 16 5.84< 52.5¢defg 9.40°¢ 7.23f 39.82" 11.83¢
NM 16 5.86 54.423bcdef 14 952 7.33f 25.53k 16.40°
PL MR 15 6.38? 58.61% 14.03%» 578" 20.97% 14.66%°¢
NM 16 5.97°¢ 54.813cde 12 .02° 6.088" 27.290 13.24¢de
PY MR 16 5.78% 54.453bcde ) 3gdef 13.46° 80.83%¢  13.79b
NM 14 5.64°% 49,15 1.54f 11.25¢ 83.07°¢  11.52¢
RE MR 15 5.54% 55.853b¢ 3.95¢ 15.22° 75.62%  15.82%
NM 15 5.47¢ 53.33bcdefe 3 ggde 13.26° 74.26° 13.83bcd
Tl MR 16 6.05° 47.948 12.33° 7.18f 31.51 14.09b
NM 16 5.84 56.993b¢ 12.27° 6.388" 27.981 13.70%d
VE MR 15 5.759% 50.32¢f8 0.73f 11.77¢9  86.12°¢  11.60°%
NM 15 5.83« 53.77Pcdef 1 89¢ef 13.01°¢  82.08°¢  13.18e

s.e. 0.037 1.587 0.712 0.452 2.145 0.705
B 0.0001  0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.0001 0.70 0.003 0.28 0.0001 0.25
B*RS 0.0001  0.0001 0.0001 0.0001 0.0001 0.0001

" B, Breed; RS, Rearing system; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; s.e., standard error. The least square means were
adjusted for a hot carcass weight of 4.97 kg. Different superscripts in the same column indicate
significant differences (P < 0.05).

The color of the muscle BF is shown in Table 7. All of the color variables except
b* were affected by the interaction between the breed and rearing system (P < 0.05),
but the breed and rearing system separately affected b* (P < 0.01). Guadarrama and
Majorera fed NM had greater a* and C,,;, values than those their counterparts fed MR.
However, in the other breeds, no differences were found between rearing systems for

any of the rest of the considered variables (P > 0.05).

The color of the muscle SM is shown in Table 8. L*, b* and ha were only affected
by breed (P < 0.001), and a* and C,;, were influenced by the interaction between the
rearing system and breed (P < 0.05). Therefore, the number of color variables and also

the level of significance of the affected variables were lower than those of the other
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muscles. MA had a greater a* value when fed NM than when fed MR (P > 0.05). The use
of NM tended to increase C,;,, especially for GU and MA, although the differences
between rearing systems were not significant (P > 0.05).

Table 7. Color of the biceps femoris muscle from kids reared with a milk replacer (MR)
or natural milk from their dams (NM).

B RS L* a* b* Rab Cp
FL MR 46.83° 4.18° 7.76% 62.05° 8.86°
NM 44.81% 6.35¢de 7.942b 51.14% 10.33cde
GU MR 42,800 7.31 7.373b¢ 45,08 10.50¢de
NM 39.99¢ 10.622 7.492b¢ 35.70° 13.29%
MA MR 45,627 5.28¢% 7.97% 56.33% 9.79¢%
NM 44.42% 7.60b¢ 8.97 49.31% 11.86%¢
PL MR 45,58 5.90%e 8.09% 54.64% 10.25¢
NM 45,553 6.82¢ 8.73 52.57% 11.21b<
PY MR 40.44% 7.89b¢ 5.55¢ 35.35¢ 9.78%
NM 43,0320 7.09¢ 6.91b¢ 44.40b 10.18¢de
RE MR 46.25% 7.50b¢ 9.232 50.67° 11.95%¢
NM 42.67° 9.822b 9.00° 43.04b¢ 13.432
Tl MR 44.82% 6.06¢d 7.413bc 51.70% 9.80¢%
NM 45.48% 6.51¢ 8.91° 54.36% 11.23bcd
VE MR 43.98%¢ 7.09¢ 8.212 49.12° 10.88<
NM 46.01% 6.31¢de 8.690 53.86% 10.84<
s.e. 0.774 0.457 0.395 2.586 0.386
B 0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.16 0.0001 0.002 0.051 0.0001
B*RS 0.001 0.0001 0.290 0.0001 0.015

" B, Breed; RS, Rearing system; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; s.e., standard error.

The least square means were adjusted for a hot carcass weight of 4.97 kg.

Different superscripts in the same column indicate significant differences (P < 0.05).

The color of the muscle ST is shown in Table 9. All of the color variables except
C,p were affected by the interaction between the breed and rearing system (P < 0.05).
In general terms, the use of MR increased the L* and hqp values and decreased the a*
and Cg,, values. However, the use of MR conversely affected the color of Payoya meat.
Florida and Majorera fed MR had the highest L* value, and Guadarrama fed NM had the
lowest L* value (P < 0.05). Florida and Majorera reared with MR had the highest hq, value

and the lowest Cj,;, value (P < 0.05). On the other hand, Guadarrama fed NM had the
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lowest hgp value (P < 0.05). Florida fed MR and Guadarrama fed NM had the lowest and

the highest C;, values (P < 0.05), respectively.

Table 8. Color of the semimembranosus muscle from kids reared with a milk replacer
(MR) or natural milk from their dams (NM).

B RS L* a* b* hab Cp
FL MR 47.56° 4.19° 7.26%k¢ 59.45% 837
NM 47.40%  5.5pcde 6.33b 65.58° 8.57¢f
GU MR 43373  7.23%d 7.26%0¢ 44.70% 10.382bcde
NM 41.70®  9.60° 7.273b 40.08° 12.29°
MA MR 4479  528% 7.323bc 54.05%  9.27d%f
NM 44.23%  7.36%c 7.98% 45.69% 11.023bed
PL MR 44.82% 5 g7cde 7.523bc 51.64%®  9.80cdef
NM 44,59% 6.75b< 8.07° 49.24% 10.783bcd
PY MR 41.69° 7.18bcd 5.77¢ 38.89° 9.400%f
NM 42.89% 6.82b< 6.51b 4450 9 p4cdel
RE MR 4598%  7.20%c 8.942 50.46% 11.56°
NM 4332% 882 7.94% 43.87% 12.03%
Tl MR 45.03% 568 7.073b 50.85%  9.31¢%f
NM 44.52% 6.33cde 8.29% 52.64% 10.69°bcde
VE MR 44,79 6.46< 7.8230 51.552 10.15bcde
NM 46.16% 6.02¢¢e 7.84% 52.93% 9 g7cdef
s.e. 1.186 0.445 0.407 5.099 0.394
B 0.0001 0.0001 0.0001 0.001 0.0001
RS 0.51 0.0001 0.44 0.73 0.0001
B*RS 0.80 0.012 0.053 0.73 0.042

" B, Breed; RS, Rearing system; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; s.e., standard error. The least square means were
adjusted for a hot carcass weight of 4.97 kg. Different superscripts in the same column indicate
significant differences (P < 0.05).

Figure 3 shows a bi-plot of the Principal Component Analysis of the color of the
four studied muscles. The first component explained 57.5% of the data variability. This
component included a* of the three leg muscles in a negative way, but included the L*
of the four muscles and hgp of the leg muscles in a positive way. The second component
explained 16.75% of the variability including the a* and hgp of the LT. It was observed
that meat from kids fed MR was placed to the right of that of their counterparts fed NM.
Therefore, kids fed MR had legs with high values of L* and hg, and with low values of a*.

On the other hand, kids fed MR had high a* value for the three muscles of the leg. Beside
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this effect of the rearing system, the breed had an influence due to the color of the LT.
Therefore, Majorera, Palmera and Tinerfena had LTs with higher values of a* and lower

values of hqp than those of the other breeds.

Table 9. Color of the semitendinosus muscle from kids reared with a milk replacer (MR)
or natural milk from their dams (NM).

B* RS L* a* b* hab C.
FL MR 49.71° 3.368 8.54¢d 68.432 9.19¢
NM 48.2942b¢ 5.05dfe 8.82bcd 60.202¢ 10.25¢%
GU MR 44 .89bcde 7, JAEEE 8.76b< 51.30¢def 11.422bcd
NM 41.64¢ 9.73° 7.86¢ 39.93f 12.70°
MA MR 49.40° 4.28% 9.832b¢ 67.23° 10.96%
NM 47.152bcd 6.22bcdef 10.182b 58.96°2b<d 12.092bcd
PL MR 48.112bcd 5.23bede 9.29bcd 61.042b¢ 10.87¢de
NM 47.362bcd 6.72bcde 9.73abe 56.482bcde 12.0432bed
PY MR 44.15% 7.682bcd 7.954 46.11°f 11.122bed
NM 46.2730cd 6.26bcdef 8.44¢< 54, 57bcde 10.87
RE MR 46.69° 6.78bcde 9.652b¢ 54.72bcde 11.852bcd
NM 44.71bcde 8.672 8.53¢ 45.00¢f 12.232bc
Tl MR 48.742> 4.64°% 9.773b¢ 65.38% NREREEE
NM 48.36% 5.95bedef 10.772 61.76°¢ 12.512b
VE MR 44.84bcde 7.38abcde 7.944 47.38df 10.96°¢
NM 44.52¢de 7.692b¢ 8.19¢ 47.230%f 11.402bed
s.e. 0.778 0.512 0.299 2.577 0.320
B 0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.010 0.0001 0.51 0.000 0.0001
B*RS 0.041 0.006 0.009 0.005 0.08

" B, Breed; RS, Rearing system; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; s.e., standard error. The least square means were
adjusted for a hot carcass weight of 4.97 kg. Different superscripts in the same column indicate
significant differences (P < 0.05).

Effect of pH on muscle color.

Once the meat samples were clustered according their pH, the percentage of
samples within each cluster, average pH and percentage of kids fed MR within each
cluster were calculated and are shown in Figure 4. There were significant differences in
pH between clusters (P<0.001). There was a relationship between the rearing system
and cluster of pH (x?=11.7; P=0.02). Therefore, the frequency of kids from both rearing

systems was similar in clusters from CL1 to CL4, which had pH values below 6, but 80.8
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% of kids from cluster 5 were MR. The differences of the L*, hay and Cg, values of the
four studied muscles between clusters are shown on Figure 5.
Figure 3. Bi-plot of Principal Component Analysis of the instrumental color of 4

muscles from kids reared with a milk replacer (MR) or natural milk (NM) from their
dams.
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BF, biceps femoris; SM, semimembranosus; ST, semitendinosus; LT, longissimus thoracis; NM,
natural milk; MR, milk replacer; FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY,
Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; s.e., standard error.

The LT had a higher L* value than that of the other muscles. This muscle had a
higher L* value of CL1 than those of CL2, CL3 and CL4 (P < 0.05) and similar value to that
of CL5 (P > 0.05). The other muscles had moderate differences among clusters, and CL2
and CL3 tended to have lower values than CL1 and CL5. The hg value of LT decreased
almost linearly with the increase of pH, with significant differences among clusters (P <
0.05). However, BF, SM and ST had a pattern similar to L*. The BF of CL1 had a higher
hap value than that of CL2 and CL3 (P < 0.05) and a similar value to that CL4 and CL5 (P >
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0.05). The hgp value of SM was similar in every cluster (P > 0.05). The CL3 of ST had the
lowest values, while the other clusters had similar values (P > 0.05). CL1 of LT had the
highest values of Cg,;, together with those CL4 and CL5 (P > 0.05). BF and SM were not
affected by pH, and the CLI of ST had the lowest Cj,;, value, while the other clusters had

similar values (P > 0.05).

Figure 4. Clusters of kids based on the pH and percentage of MR kids within each
cluster. The percentage of kids per cluster is between brackets.
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The observed frequency of kids fed MR within the CL5 cluster was greater (P < 0.05) than the
expected frequency (y* = 9.48; P < 0.05). Different superscripts indicate significant differences
in pH between clusters (P < 0.05).

2.5. DISCUSSION

pH of the longissimus thoracis

High pH values for suckling kids are widespread in the literature, indicating that
kids are inclined to stress because the goat species is excitable (Casey y Webb, 2010)
and sensitive to the stress of pre-slaughter management (transport, lairage, etc.) (Ripoll
et al., 2011a). The pH values found in the literature for light suckling kids are similar and
even higher than those reported in the present study (Marichal et al., 2003; Bafion et

al., 2006; Teixeira et al., 2011; Safiudo et al., 2012). Moreover, young kids are more
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susceptible to emotional stress than old ones (Saifudo et al., 2012) because younger

animals are still largely dependent on their mothers (Napolitano et al., 1995).

Figure 5. Influence of clusters based on the meat pH on the color of 4 muscles. LT,
longissimus thoracis; BF, biceps femoris; SM, semimembranosus; ST, semitendinosus.
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CL1, cluster with a mean pH =5.48; CL2, cluster with a mean pH =5.65; CL3, cluster with a mean
pH =5.78; CL4, cluster with a mean pH =5.93; CL5, cluster with a mean pH =6.30.Different
superscripts within a muscle indicate significant differences between clusters (P < 0.05).

It was found in lambs that artificial feeding, associated with early weaning,

adversely affects the ability of lambs to manage emotional stresses (Napolitano et al.,
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1995), which could explain the high pH values of kids fed milk replacers and the higher

frequency of kids fed milk replacers with high pH values.

Instrumental color of the muscles

Meat from very light suckling kids has high L* and low a* and b* values, resulting
in a lighter and duller meat (Ripoll et al., 2011a; De Palo et al., 2015; Ripoll et al., 2018a)
than beef. This meat is paler even than that from suckling kids with heavier carcasses
(Ozcan et al., 2014) and concentrate-fed kids (Emami et al., 2015). Some authors have
reported that goat meat is significantly lighter and less yellow than lamb meat (Casey y
Webb, 2010). Nevertheless, comparing suckling animals, kids are also lighter but have
higher b* values and lower a* values than those of lambs (Lobén et al., 2017). Finally,
other authors have reported a difference of color (A,,) between both type of meats of
1.97, which is not visually appreciable (Babiker et al., 1990). This result is in agreement
with the A7, values of 2.2 and 3 for the just noticeable difference between two stimuli
reported by some authors(Stokes et al., 1992; 1SO, 2004). Hence, the BF, SM and ST
muscles in our study are very similar because the A7, value ranged from 1.2 to 2.9. The
LT muscle is a glycolytic muscle, while the SM muscle is an oxidative muscle (Alasnier et
al., 2000). However, frozen/thawed meat could show a different behavior due to the
denaturalization of sarcoplasmic proteins. Argliello et al. (2005) reported that the LTL
and SM muscles of light suckling kids had similar L* and hqp values, with hgp values of

approximately 45, in accordance with the values we found for the leg muscles.

The meat color of pre-ruminants, such as suckling kids, is intensely affected by
the feeding system (Ozcan et al., 2014). However, the revised literature often compares
the use of natural milk and milk replacers to raise kids of only one breed. Consequently,
the literature results are often contradictory because it has been demonstrated that
different breeds are differentially affected by feeding with milk replacers. Hence, milk
replacers do not affect the L* value of fresh kid meat, independent of the measured
muscle (Bafidn et al., 2006; Zurita-Herrera et al., 2013; De Palo et al., 2015). Additionally,
De Palo et al. (2015) reported that the LT of kids fed natural milk had lower b* and hgp
values and no difference in the C,;, value compared to those of kids fed with milk
replacers. The use of milk replacers decreased the b* value of the SM muscle (Zurita-

Herrera et al., 2013). However, as previously stated, the composition of goat milk is
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dependent on the management system of goats (Raynal-Ljutovac et al., 2008), which
influences the color of meat, especially the a* value. Some authors have explained that
meat from kids reared with natural milk have lower a* and greater hq values because
the natural milk of goats is not rich in Fe (Safiudo et al., 2012). Although grazing goats
had normal levels of Se and Fe in plasma (Schweinzer et al., 2017), a higher level of these
elements was found in goat kids that were fed with a milk replacer (Wittek, 2002).
However, Lanza et al. (2006) did not find differences in the hqsy and a* values of suckling
lamb meat even though the iron content of the milk replacer was greater than that of
natural milk (Rodriguez et al., 2008). Goat milk has a greater bioavailability of Fe and Se
than that of cow milk (Raynal-Ljutovac et al., 2008), a principal component of milk
replacers. The hgp is related to the state of the heminic pigment, while Cy, is related to
the quantity of pigment (Renerre, 1982). Therefore, an increase in Fe should influence
C,p instead hap. Modifications in the status of the heme pigments could be related with
the antioxidant status and glutathione peroxidase activity and hence the organic Se
content. The organic or inorganic form of Se supplementation of goats or added to milk
replacer is very important. Hence, sodium selenite act as a heme pigment pro-oxidant,
increasing metmyoglobin formation (Zhan et al., 2007), while selenium in organic forms,
such as selenomethionine, is reported to be a potent antioxidant (Hamilton y Tappel,
1963). Zurita-Herrera et al. (2013) reported that the meat of kids suckling natural milk
from dams grazing in pastures had a greater a* value than that of kids fed NM and MR
but reared indoors, possibly due to the intake of carotenoids from pastures (Lobdn et
al., 2017). Kids fed NM and MR had the same L*, a* and b* values measured for the LTL
and SM muscles (Zurita-Herrera et al., 2013). Also in disagreement with the concept of
Fe deficiency, Baiidn et al. (2006) and Arglello et al. (2005) reported that the LTL of kids
reared with MR had a higher hg value and the same L* value compared to those reared
with NM, but the results disagreed concerning the Cy;, value. The effect of rearing
systems has also been studied in suckling lambs, where MR animals had greater a* and

lower b* values (so, lower hgp) than those of NM lambs (Osorio et al., 2008).

Effect of pH on muscle color.
Depletion of glycogen prior to slaughter due to stress often occurs in dark meat

because of the high pH. However, Kannan et al. (2003) did not find that dark meat from
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goats was affected by transport stress, although the pH was altered. Ripoll et al. (2011a)
studied the effect of increasing the pH of LT on suckling kid meat over a similar interval
to that used in our study. These authors reported that the €y, value increased as the
pH approached 6, but remained constant between pH 6 and 7, which is in agreement
with our study, but they did not find an effect on the L* or hgp values. Light suckling kids
fed milk replacers are often more stressed, leading to meat with a high pH. This increase
of pH decreases light scattering, which allows a long light path through the meat, and
myoglobin becomes fully visible (Swatland, 2004). This meat is undesirable because of
the large a* and €, values and very low hgs value and thus has a short shelf life (Ripoll
et al., 2018a). Arglello et al. (2005) did not find any correlations between pH and the
C,;, or hapvalues, probably because the highest pH in that study was below 6. However,
the reported increase of pH, from 5.48 (cluster 1) to 5.65 (cluster 2), led to great changes
in the L*, €7, and hay values. Consequently, in agreement with Napolitano et al. (2002),
the selection of rearing systems should take into account animal welfare in addition to

product quality.

2.6. CONCLUSIONS

The effect of the rearing system on the color of the studied muscles is strongly
modulated by the breed. Hence, farms should consider the selection of the breed and
rearing system together to produce meat with the color that the consumer demands.
Nevertheless, since artificial rearing systems comprising very early weaning might
induce a high pH and dark color of muscle, two strategies of artificial rearing can be
proposed. The first strategy is choosing less sensitive breeds that produce meat with a
normal pH. The second strategy is restricting the suckling natural milk but minimizing
the separation from mothers, e.g., keeping sensory (visual, olfactory and tactile) contact

between kids and mothers.
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3.EFFECT OF REARING SYSTEM ON THE STRAIGHT AND BRANCHED

FATTY ACIDS OF GOAT MILK AND MEAT OF SUCKLING KIDS

Este apartado ha dado lugar a la publicacion:

Ripoll G., Alcalde M.J., Argliello A., Cérdoba M.G., Panea B. 2019. Effect of the rearing
system on the straight and branched fatty acids of goat milk and meat of suckling kids.

Foods, 9(4), 471

3.1. RESUMEN

La carne caprina se considera saludable porque tiene menos grasa y calorias que
otras carnes. También es una carne rica en acidos grasos ramificados con propiedades
saludables. Se ha estudiado el efecto de la leche materna y de lactoreemplazantes en
los acidos grasos lineales y ramificados de la carne de cabrito lechal de cuatro razas.
Ademas, se ha estudiado la composicion proximal y de acidos grasos del calostro y la
leche. El calostro tuvo mas proteina y grasa, y menos lactosa que la leche. La leche de
cabra fue una fuente importante de acidos grasos C18:1 c9 y C18:2 n-6. La carne de
cabrito lechal también fue rica en C18:1¢9. La grasa intramuscular de las razas de aptitud
lechera tuvo mayor porcentaje de trans MUFA y de la mayoria de los isdmeros del acido
C18:1¢9, pero no del total de MUFA comparado con la grasa de las razas carnicas. Sin
embargo, las razas lecheras tuvieron carne con menor porcentaje de CLA que las
carnicas. La carne de los cabritos de lactancia natural tuvo mayor porcentaje de CLA y
de acidos grasos de cadena ramificada, y menor porcentaje de acidos grasos n-6 que los
alimentados con lactoreemplazantes. Tanto las razas lecheras como las carnicas fueron
una fuente importante de los acidos grasos linoleico, a-linolenico, docohexandico,
eicosapentaenoico y araquiddnico, que son acidos grasos de cadena larga esenciales y

saludables.
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3.2. 1.INTRODUCTION

Approximately 119,000 tons of caprine meat were produced in Europe in 2017
(FAO, 2017). However, Mediterranean goat farms are mainly focused on dairy

production, including cheese and milk products, because they have higher prices than
cow milk (Yalcintan et al., 2018a). In addition, goat milk is also generating great interest

for human consumption due to its nutritional advantages and lack of allergenicity
compared to cow milk (Aparnathi et al., 2017). Accordingly, Europe produces 2,824,715
tons of goat milk, and 45 % is produced in South Europe (FAO, 2017). Although most of
the incomes per goat on the dairy farm come from the sale of milk, 20 % of the total
income comes from the sale of kids (Castel et al., 2012). These kids are weaned very
early and reared with milk replacers. Milk replacers specifically formulated for kids result
in good daily weight gain. Moreover, this meat is perceived by consumers to be a high-
quality meat, with most kids being slaughtered at the very light carcass weight of 5-7 kg

(Marichal et al., 2003).

However, some farmers, especially those who use autochthonous breeds,
believe that early separation decreases both milk yield and growth of the kids. In
addition, they also believe that meat from kids reared with milk replacers is tough
(Arguello et al., 2005) and, as a consequence, they are opposed to this practice. This
belief could be explained because most of the kid meat with high pH, which may induce
tough meat, comes from kids raised on milk replacers (Ripoll et al., 2019a). On the other
hand, the meat of kids reared with milk replacers was preferred by consumers according
to visual appraisal, and consequently, the purchase intention of these consumers was
high (Ripoll et al., 2018a; Ripoll et al., 2019b). Another advantage of meat from suckling
kids fed natural milk is that it has a high percentage of hexanal, which has been positively

related to both the flavor and overall acceptability (Ripoll et al., 2019c).
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On the other hand, goat meat is considered healthy because it has fewer calories
and fat than meat from other meat species, such as pork or lamb (Ribeiro et al., 2018)
and because its fatty acid profile complies with the recommendation of the World
Health Organization, which states that trans fatty acid intake should not reach more
than 5 % (PAHO/WHO, 2007). In addition, goat meat is rich in branched chain fatty acids
(BCFAs), and BCFAs are of interest for two main reasons. First, BCFAs, particularly short
chain BCFAs, have an impact on the characteristic flavor of meat and dairy products
(Woo y Lindsay, 1984; Brennand et al., 1989; Alonso et al., 1999; Watkins et al., 2014).
Second, some authors have described health advantages with BCFA consumption.
Additionally, the intake of BCFAs is related to the correct function of the newborn gut
(Ran-Ressler et al., 2008) and the induction of apoptosis in breast cancer cells (Yang et
al., 2000). Considering these benefits, BCFAs could be considered bioactive compounds
and deserve deep insight. BCFAs are mainly saturated fatty acids with at least one
methyl branch on the carbon chain. Often, the branch is close to the end of the chain,
producing the iso- and anteiso- isomers when the methyl branch is on the penultimate
or antepenultimate carbon atoms. BCFAs are synthetized by bacteria as a main
component of the bacterial membrane. Hence, BCFAs are found in meat and milk from
ruminants because of rumen bacterial activity. In general, adipose tissues of goats are
richer in these fatty acids than those of other ruminants (Duncan y Garton, 2007).
However, very light suckling kids are functionally non ruminants (Serra et al., 2009), and
the presence of BCFAs in their meat probably originates mainly from maternal milk. In

addition, kids fed milk replacers from cow milk do not consume many BCFAs.

Setting aside the origins of the BCFAs in meat, we studied the effects of feeding
suckling kids with maternal milk or milk replacers on the straight and BCFAs of their
muscles. In addition, the proximal and fatty acid compositions of colostrum and milk of

four breeds were studied.
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3.3. MATERIALS AND METHODS

Animals
All procedures were conducted according to the guidelines of Directive
2010/63/EU on the protection of animals used for experimental and other scientific

purposes (E.U., 2010).

One hundred and twenty-four suckling male kids of 4 goat breeds (Cabra del
Guadarrama, GU; Palmera, PL; Retinta, RE; Tinerfena, Tl) were evenly reared at two (PA
and TI) or three farms (GU and RE) per breed in their respective local areas. Therefore,
15, 15, 15 and 16 kids of GU, PL, RE and TI, respectively, fed milk replacers (MR), and 16,
16, 15 and 16 kids of GU, PL, RE and TI, respectively, fed natural milk (NM) Animals were
selected to be as unrelated as possible to ensure that the full range of genetic diversity
was present within the breeds used in the study. Animals were all born from a single
parturition.Kids in the MR rearing systems were fed colostrum for the first two days and
had free access to milk replacer 24 h a day, which was suckled from a teat connected to
a unit for feeding a liquid diet. The goats grazed the natural resources of the area during
the day and were supplemented with hay of the pastures and similar commercial

concentrates between breeds.

Milk sampling

Commercial milk replacers were reconstituted at 17 % (w/v) and given warm
(409C). The main ingredients were skimmed milk (= 60 %) and whey. The chemical
composition (on as-dry matter basis) of milk replacers was as follows: total fat 25 % *
0.6, crude protein 24 % + 0.5, crude cellulose 0.1 % + 0.0, ash 7 % + 0.6, Ca 0.8 % + 0.1,
Na 0.5% +0.2, P 0.7 % £+ 0.0, Fe 36 mg/kg = 4.0, Cu 3 mg/kg + 1.7, Zn 52 mg/kg+ 18.8,
Mn 42 mg/kg + 14.4, 1 0.22 mg/kg + 0.06, Se 0.1 mg/kg + 0.06 and BHT 65 ppm = 30.
Kids in the NM rearing system suckled directly from dams with no additional feedstuff.
At night, they were housed with their dams in a stable. Kids in both rearing systems had

no access to concentrates, hay, forages or other supplements.
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The natural milk of dams was collected from 10:00 h to 11:00 h in the morning
at 1, 10 and 30 d of lactation. Two 50 mL Falcon tubes were filled with milk and three
drops of Azidiol (Panreac Applichem, Barcelona, Spain). No oxytocin was used The
chemical composition (protein, fat and lactose) of the milk was determined by using a
DMA2001 Milk Analyzer (Miris Inc., Uppsala, Sweden). A subsample of natural milk at 1

and 30 d of lactation was freeze-dried and stored at -80 °C until fatty acid analysis.

Carcass sampling

The 124 kids were slaughtered at a live weight of 8.4 kg + 0.12 kg. Standard
commercial procedures according to the European normative of protection of animals
at the time of killing (E.U., 2009) were followed. Head-only electrical stunning was
applied (1.00 A) to the kids, which were then exsanguinated and dressed. Thereafter,
the hot carcasses, including the heads and kidneys, were weighed to achieve a hot
carcass weight (HCW) of 5.0 kg + 0.10 kg. Afterwards, carcasses were hung by the
Achilles tendon and chilled for 24 h at 4 °C. After carcass chilling, the longissimus thoracis
muscle of the left half of the carcasses was extracted, vacuum packed and frozen at -20

°C until fatty acid composition analyses.

Fatty acid analyses

The fatty acid methyl esthers (FAMEs) from lyophilized milk fat samples were
prepared by direct transesterification using KOH in methanol (2 N) and extracted with
hexane (Molkentin y Precht, 2000). Fat depots for fatty acid profile analysis were

processed according to Folch et al. (1957).

The determination of FAME was carried out using a Bruker 436 Scion gas
chromatograph (Bruker, Billerica, MA, USA) equipped with a cyanopropyl capillary
column (BR-2560, 100 m x 0.25 mm ID x 0.20 um thickness, Bruker, Billerica, MA, USA),
a flame ionization detector and Compass CDS software. Fatty acid quantification was
performed as described in the UNE-EN 12966-4 Official Method (2015). The

identification was performed using the GLC 538 and GLC 463 standard references (Nu-
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Chek-Prep Inc., Elysian, Minnesota, USA). Fatty acid contents are expressed as a
percentage of the total amount of identified fatty acids. After individual fatty acid
determinations, the total contents of saturated fatty acids (SFAs), monounsaturated
fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs), PUFA n-6 and PUFA n-3 were
calculated. The PUFA n-6/n-3 ratios were also calculated. Desirable fatty acids of the
meats were calculated as MUFA + PUFA + C18:0 (Huerta-Leidenz et al., 1991). In
addition, the sums of CLA, iso- and anteiso- BCFA, cis- and trans- MUFA were also

calculated.

Statistical analysis

All statistics were calculated using the XLSTAT statistical package v.3.05
(Addinsoft, USA). The proximal composition and fatty acid composition of milk were
analyzed using the MIXED procedure for repeated measures. The factors included were
breed as between-subject fixed effects, time as within-subject effects and random
animal effects as subjects (experimental units). The lowest Akaike Information Criterion
(AIC) was used to choose the matrix of the error structure. Least square means were

estimated, and differences were tested with a t-test at the 0.05 level.

The fatty acid composition of meat was analyzed using the ANCOVA procedure
with the breed (B) and the rearing system (RS) as fixed effects and the hot carcass weight
(HCW) as a covariate. The HCW was used as covariate to avoid the influence of weight
differences on the fatty acid composition. The least square means were adjusted for an
HCW of 5.02 kg. Differences between means were tested with Duncan’s test at a 0.05

level of significance.

Two principal component analyses were performed with the main fatty acid
groups of both milk and meat. The variables included in these principal component
analyses were SFA, MUFA, PUFA, n-3, n-6, n-6:n-3 ratio, XCLA, Ziso-BCFA, Zanteiso-

BCFA, XBCFA, cis-MUFA, and Xtrans-MUFA.
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3.4. RESULTS

Milk

The chemical composition of natural milk through the first 30 d of lactation is
shown in Figure 6. The milk protein percentage was significantly affected by breed and
time of lactation (P<0.0001). However, the milk fat and lactose percentages were

affected by the interaction between breed and time of lactation (P<0.0001).

The protein content was higher on the first day of lactation (colostrum) than at
the other studied times, especially for the Palmera breed, which presented higher values
than the other breeds (p<0.05). Thereafter, the protein percentage decreased
significantly (P<0.05) for all the breeds from the 15t to 10" day of lactation and remained
steady from the 10th to 30th day (P>0.05). Similarly, the fat percentage decreased from
the 1%t day to the 10%" day of lactation, with Palmera presenting a more acute decrease
from the 1°t day to the 10™ day than the other breeds. Conversely, for protein and fat,
the lactose percentage increased significantly from the 15t day to the 10t day (P<0.05)

and remained constant thereafter, without differences among breeds (P>0.05).
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Figure 6. Chemical composition of natural milk at 1, 10 and 30 d of lactation. GU, Cabra
del Guadarrama; PL, Palmera; RE, Retinta; Tl, Tinerfefia.
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Table 10. Individual straight saturated fatty acids of goat milk at 1 and 30 days of lactation (g/100 g of FAMEs).
30 d of lactation

Time (T)

Breed (B) GU'

C4:0

C6:0

C7:0

c8:0

C9:0

C10:0
C11:0
C12:0
C13:0
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C22:0
C23:0

1.48°
1.44¢
0.012b¢
1.57¢
0.035¢
4.76¢
0.125¢
2.48¢%
0.087¢
11.29%
0.593
24.37°
0.804b<d
13.30°
0.212°
0.050%°
0.006°

1 d of lactation

PL
1.06¢
1.01°¢

0.010%°
1.08¢
0.031¢
3.42¢
0.091¢
1.85¢f
0.059<
9.90%
0.530°
27.88°
0.9552°
12.31bc
0.190b<
0.047b<
0.008°

RE
1.72°
1.79¢

0.012°¢
2.07°
0.040%
6.35¢
0.176¢
2.92¢
0.077¢
11.84°
0.618°
24.47°
0.8793¢
10.28¢%
0.171¢
0.048bc
0.015°

LL
1.27¢
1.21%
0.005°¢

1.18¢
0.025¢
3.51¢
0.080¢
1.73f
0.041¢
9.50°
0.521°
26.86°
0.965°
12.91P¢
0.221°
0.057°¢
0.017°

GU
2.03°
2.37%
0.051°
2.85°
0.112°
8.75°
0.273%¢
3.52°¢
0.1532°
10.06%
0.635°
19.62°¢
0.540¢
17.64°
0.338°
0.0742
0.006°

PL
1.62°¢
2.22@
0.048°

2.942
0.130%°
11.182
0.376°
4.98°
0.193°
12.52°
0.945°2
27.832
0.746
9.25¢
0.150¢
0.037¢
0.008°

RE
1.772b
2.20°

0.023°
2.78°
0.068¢
9.532
0.252¢
4.18%
0.131°
11.76°
0.8182
23.85P
0.7084
12.29bcd
0.191°b¢
0.060°
0.022°

LL
2.02°
2.542

0.062°
2.86°
0.146°
10.13?
0.314%°
4.00°¢
0.157%°
12.07°
0.954°
28.242
0.698¢
10.87¢
0.140¢
0.034¢
0.014°

S.e.
0.103
0.110
0.006
0.135
0.012
0.483
0.020
0.241
0.013
0.694
0.049
0.718
0.047
0.663
0.015
0.005
0.002

B
0.005
0.042
0.018
0.005
0.031
0.020

0.40
0.007
0.12
0.23
0.012
0.0001
0.0001
0.0001
0.0001
0.001
0.0001

T
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.059
0.0001
0.057
0.0001
0.52
0.56
0.83
0.47

:)4)
0.002
0.0001
0.001
0.0001
0.0001
0.0001
0.0001
0.0001
0.007
0.007
0.0001
0.0001
0.60
0.0001
0.0001
0.0001
0.002

"GU, del Guadarrama; PL, Palmera; RE, Retinta; Tl, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate significant differences

(P <0.05).
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The fatty acid composition is shown as g/100 g of FAMES in Tables 10 to 13. There
were 17 straight SFAs in the milk (Table 10), with C14:0, C16:0 and C18:0 being the most
abundant, followed by C10:0 and C12:0. The less abundant fatty acids were mainly odd
fatty acids such as C7:0, C9:0, C13:0, C22:0 and C23:0. All SFAs were affected by the
interaction of breed and time of lactation (P<0.01), except C17:0. Independent of the
breed, the percentages of C6:0, C8:0, C10:0, C11:0, C12:0 and C13:0 increased from 1
day to 30 days of lactation. In the same way, the percentages of C17:0 decreased over
time independent of the breed. Nevertheless, the percentages of C4:0, C7:0 and C9:0
increased with lactation time in all breeds except RE, which remained constant, and
C15:0 increased in all breeds except GU, which remained constant. In contrast, C14:0
percentages increased only in Tl, C16:0 percentages decreased only in GU, and C23:0
percentages increased only in RE. Finally, C20:0 and C22:0 increased over time in GU and
decreased in Tl without changes in PL and RE, and C18:0 increased in GU, decreased in

PL and remained constant in RE and TI.

The 17 detected MUFAs are shown in Table 11. C18:1 ¢9 had the highest
percentage and was affected by the magnitude of the interaction between breed and
time of lactation (P=0.001). The percentage of C18:1 c9 decreased for all breeds, but the
decrease in PL and Tl was twofold the decrease in GU and RE. C18:1t11 remained
constant with the time of lactation in RE and Tl but increased in GU and decreased in PL.
The following most abundant fatty acids were the isomers of C16:1. Those isomers, in
general, decreased with the time of lactation, although the C16:1c7 of GU and RE
remained constant (P>0.05). The time of lactation did not influence the percentages of
C18:1t15, C18:1c11 and C18:1c12 of PL and TI, but the percentages of these fatty acids

of RE increased with the time of lactation (P<0.05).
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Table 11. Individual monounsaturated fatty acids of goat milk at 1 and 30 days of lactation (g/100 g of FAMEs).

Time (T) 1 d of lactation 30 d of lactation

Breed (B) GU' PL RE TI GU PL RE TI s.e. B T BxT
Cl2:1 0.050 0.032 0.034 0.023 0.037 0.050 0.047 0.035 0.015 0.47 0.31 0.38
C14:1¢9 0.078° 0.066°¢  0.103° 0.062¢ 0.055¢  0.084%c 0.084® 0.063°“ 0.007 0.0001 0.242 0.025
C15:1 0.011 0.004 0.005 0.005 0.012 0.005 0.005 0.005* 0.005 0.33 0.942 0.99

C16:1t9 0.361¢¢  0.445% 0.487%  0.444% 0.272¢  0.377%  0.404° 0.336% 0.049 0.0001 0.0001 0.79

C16:1c7 0.338%¢  0.358%  0.3443c  (0.3852 0.293b¢  0.264¢ 0.274*  0.237¢ 0.022 0.99 0.0001 0.061
C16:1c9 1.185° 1.487° 1.4952 1.5882 0.727¢ 1.070°¢  1.056°°  0.965° 0.063 0.0001 0.0001 0.323
C17:1c9 0.337° 0.353° 0.537° 0.512° 0.142¢  0.205¢  0.290° 0.252°< 0.037 0.0001 0.0001 0.50

C18:1t11 0.839° 1.2572 0.683¢ 0.717¢ 1.157%  0.674° 0.817° 0.901° 0.104 0.024 0.86 0.004
C18:1c9 27.217° 29.100®* 27.559%® 30.2742 22.953¢ 17.745% 21.396% 17.713¢ 1.186 0.58 0.0001 0.0001
C18:1t15  0.125°¢  0.120°  0.128° 0.121°¢ 0.156®  0.089° 0.171° 0.116° 0.011 0.000 0.22 0.007

C18:1c11 0.173>  0.123Fc 0.117¢ 0.114° 0.239° 0.142°¢ 0.163°  0.136* 0.015 0.0001 0.001 0.32
C18:1c12 0.139®* 0.139% 0.074¢ 0.082°¢ 0.159° 0.105°¢ 0.121° 0.079¢ 0.010 0.0001 0.33 0.005
C18:1c13 0.047 0.055 0.037 0.041 0.047 0.046 0.057 0.039 0.006 041 0.631 0.11

C18:1t16 0.146%*  0.139%° 0.134° 0.130° 0.1532b 0.116°¢ 0.168? 0.100¢ 0.011 0.001 0.69 0.010

C18:1c15 0.066%*  0.058%° 0.060%*  0.059% 0.0592° 0.048° 0.070? 0.050° 0.005 0.038 0.23 0.12

C20:1n-9 0.007 0.002 0.002 0.001 0.001 0.001 0.002 0.001@ 0.003 0.49 0.30 0.47

C22:1 0.012¢ 0.015¢ 0.0222b 0.0262 0.003¢ 0.007¢ 0.019°¢  0.015¢ 0.002 0.0001 0.0001 0.065
"GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate significant differences
(P<0.05).
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Most of the 16 detected PUFAs (Table 12) were significantly affected by the
interaction between breed and time of lactation. The most predominant PUFA was
C18:2 n-6, which decreased from 1 day to 30 days of lactation for all breeds, although
PL registered the most pronounced decrease. The FAs showed the following order in
terms of their quantities: C18:2 ¢9, t11, C18:3 n-3 and C20:4 n-6. These FAs also
decreased from 1 day to 30 days of lactation for all breeds but in different amounts. FA
C22:5 n-3 was also relatively abundant in milk at 1 d of lactation, but its amount was

dramatically reduced at 30 days.

Table 13 shows the main groups of straight and branched fatty acids of milk at 1
day and 30 days of lactation. All the studied groups were affected by the interaction
between breed and time of lactation (P<0.005). Independent of the breed, the SFA
content increased as lactation time increased (P>0.05). At 30 days, PL and Tl had higher
SFA contents than GU and RE (P<0.05). RE and Tl did not show changes in the contents
of ZBCFA with time (P>0.05), but GU showed increases, while PL showed decreases with
time (P<0.05). The content of Ziso-BCFA was affected by lactation time only in GU,
showing decreases over time. At 1 day of lactation, there were no differences between
breeds for the contents of Zanteiso-BCFA, whereas in PL and RE, it increased from 1 day
to 30 days (P<0.05), and no changes over time were observed in GU and TI. For all
breeds, MUFA and Xcis-MUFA decreased with the time of lactation (P<0.05), with the
decrease being more intense for PL and Tl than GU and RE. Nevertheless, the Xtrans-
MUFA content was unaffected by time in GU, RE and TI (P>0.05), but it decreased in PL.
The XCLA content changed, showing decreases, with time only in Pl (P<0.05). For all the
breeds, the total PUFA content decreased with the time of lactation (P<0.05), but this
decrease was smaller in RE than in the other breeds. The n-6:n-3 ratio decreased with

time of lactation (P<0.05), except in RE, in which no changes were observed (P <0.05).
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Table 12. Individual polyunsaturated fatty acids of goat milk at 1 and 30 days of lactation (g/100 g of FAMEs).

Time (T)
Breed (B)
C18:2 n-6 19,12
C18:2 n-6
C18:2 ¢9, t11
C18:2 19, c11
C18:2t10, c12
C18:3 n-6
C18:3 n-3
C20:2 n-6
C20:3 n-9
C20:3 n-6
C20:4 n-6
C20:5 n-3
C22:3 n-3
C22:4 n-6
C22:5 n-3
C22:6 n-3

GU'
0.1223b¢
3.37°
0.221
0.042°
0.019%
0.031°
0.4182
0.027°
0.032°
0.001°
0.521°
0.096°
0.013°
0.084°
0.3142
0.054°

1 d of lactation

PL
0.111bd
3.31¢
0.464°
0.052%
0.022%
0.020%
0.245b<
0.041°
0.036%
0.002°¢
0.483°
0.071°
0.018%*
0.109°
0.158¢
0.016°

RE
0.107b«
2.13°¢
0.307°
0.051%°
0.019%°
0.012°
0.350%°
0.018°
0.026%
0.006°
0.356°
0.075°
0.015°
0.045°
0.201°¢
0.033°

LL
0.097¢
2.77°
0.254"¢
0.047°
0.019%
0.021%
0.265b¢
0.029°
0.042°
0.009°
0.526°
0.078°
0.020°
0.089?
0.227°
0.015°

GU
0.130%
2.62°
0.176¢
0.041°
0.017%
0.009°
0.383°
0.010¢
0.014f
0.001°
0.164°
0.048¢
0.004¢
0.028P¢
0.074¢
0.014°

30 d of lactation

PL
0.087¢
1.88
0.248b<d
0.048°
0.013b
0.012%
0.223¢
0.013¢
0.018¢f
0.003¢
0.190°
0.041°
0.012%¢
0.026%¢
0.051¢
0.005°¢

RE
0.149°
1.78¢
0.293%¢
0.059°2
0.0232
0.005°
0.420°
0.012¢
0.021¢
0.0082°
0.170°
0.066°
0.022°
0.018°
0.088¢
0.018°

TI
0.083¢
2.00¢

0.236b<
0.045°

0.0172b
0.012°
0.171¢
0.011¢
0.028b¢
0.0082b
0.215¢
0.036¢

0.006%
0.025¢
0.0534
0.006¢

s.e.
0.009
0.120
0.027
0.003
0.002
0.005
0.031
0.002
0.002
0.001
0.029
0.006
0.002
0.008
0.017
0.004

B
0.0001
0.0001
0.0001
0.0001

0.35
0.11
0.0001
0.0001
0.0001
0.0001
0.001
0.006
0.0001
0.0001
0.0001
0.0001

T
0.67
0.0001
0.0001
0.94
0.17
0.005
0.365
0.0001
0.0001
0.63
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

BxT
0.002
0.003
0.015

0.20
0.065

0.30
0.030

0.0001
0.016

0.43
0.008
0.001

0.0001
0.007
0.0001
0.0001

"GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate significant differences

(P<0.05).
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Table 13. Main groups of straight and branched fatty acids of goat milk at 1 and 30 days of lactation (g/100 g of FAMEs).
Time (T) 1 d of lactation 30 d of lactation

Breed (B) GU' PL RE LL GU PL RE LL s.e. B T BxT

SFA 63.48° 61.03¢ 64.37° 60.85° 69.79°  76.07° 71.64° 7596° 1384 0.40 0.0001 0.0001
2BCFA 0.678°> 0.475¢ 0.730%  0.564° 0.569° 0.696°® 0.814® 0.575° 0.035 0.0001 0.046 0.0001
Ziso-BCFA 0.404° 0.238° 0.423° 0.320° 0.311° 0.305°¢ 0.407® 0.279°° 0.018 0.0001 0.120 0.002
Zanteiso-BCFA  0.274° 0.237° 0.307° 0.244° 0.258°  0.391° 0.4072  0.296> 0.021 0.0001 0.0001 0.001
MUFA 31.13> 33.75% 31.82% 34,582 26.47¢ 21.03¢ 25.14¢ 21.04¢ 1292 0.72 0.0001 0.0001
Zcis-MUFA 29.66° 31.79%* 30.39% 33.17° 24.73¢  19.77% 23.58% 19.59¢ 1.269 0.74 0.0001 0.001
2trans-MUFA 1.47°¢ 1.96° 1.43b¢ 1.41°¢ 1.74% 1.26° 1.56%°  1.45°¢ 0.122 0.34 0.45 0.009
2CLA 0.283% 0.538* 0.377° 0.320° 0.235¢ 0.309°¢¢ 0.376°° 0.298%°¢ 0.030 0.0001 0.001 0.013
PUFA 5.36° 5.16° 3.75°¢ 4.51° 3.73¢ 2.86¢ 3.15¢ 2.95¢ 0.175 0.0001 0.0001 0.000
n-6 415  4.080*° 2.68“ 3.54P 2.96° 2.21¢ 2.14¢ 2.35%¢  0.139 0.0001 0.0001 0.001
n-3 0.895% 0.508 0.674° 0.605° 0.523° 0.331% 0.613°¢ 0.273° 0.044 0.0001 0.0001 0.0001
n-6:n-3 4.78° 8.14° 4,08« 5.95P 5.80P 6.69° 3.80¢ 8.95% 0360 0.0001 0.031 0.0001

"GU, del Guadarrama; PL, Palmera; RE, Retinta; Tl, Tinerfefia; s.e., standard error. FA. Fatty acids; SFA, saturated fatty acids; BCFA, branched chain fatty
acids; MUFA, monounsaturated fatty acids; CLA, conjugated linoleic acid; PUFA, polyunsaturated fatty acids. Different superscripts in the same row
indicate significant differences (P<0.05).
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The biplot of the principal component analysis is shown in Figure 7. The first two
principal components summarized approximately 66 % of the variation in the data. Milks
at 1 day and 30 days were clearly discriminated by the variables used in the first principal
component. Therefore, milk at 1 day was positively related to Xcis-MUFA, XMUFA and

2PUFA, while milk at 30 days was correlated with ZSFA.

Figure 7. Principal component analysis of the main groups and branched fatty acids of
goat milk at 1 and 30 days of lactation.
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SFA, saturated fatty acids; BCFA, branched chain fatty acids; MUFA, monounsaturated fatty
acids; CLA, conjugated linoleic acid; PUFA, polyunsaturated fatty acids.

Meat

The 15 detected straight SFAs are shown in Table 14. The predominant SFAs were
C14:0 and C16:0, and C18:0. C9:0, C11:0, C12:0, C14:0, C16:0, C18:0 and C22:0 were
affected by the interaction between breed and rearing system (P<0.01), whereas C6:0
and C8:0 were not affected by any of the study effects (P>0.05). In general terms, meat

from suckling kids fed natural milk had higher values of C15:0, C16:0, C17:0 and C18:0
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than meat from kids fed milk replacers (P<0.05), and the effect of rearing system was
more noticeable for Tl, in which 9 of the 15 acids were affected, than in the other breeds.
The most abundant MUFA (Table 15) was C18:1c9, which was affected by the interaction
between breed and rearing system (P<0.001). GU fed natural milk had higher contents
and RE lower contents of this FA than kids fed milk replacers (P<0.05), whereas the
rearing system did not affect PL and Tl (P>0.05). There were 16 detected PUFAs, as
shown in Table 16. The most abundant PUFA was C18:2 n-6, which was affected by the
interaction between rearing system and breed (P<0.01). Meat from PL, RE and Tl kids
fed natural milk had a lower content of C18:2 n-6 than meat from kids fed milk replacers,
without differences between rearing systems (P>0.05).The following fatty acid in
quantity was C20:4 n-6. This fatty acid was only affected by breed (P=0.0001), having
higher values in GU than the rest of the breeds, especially when reared with milk

replacers.
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Table 14. Individual straight saturated fatty acids of suckling kid meat (g/100 g of FAMEs).
Natural milk

RS*
Breed (B)
c6:0
C8:0
C9:0
C10:0
C11:0
C12:0
C13:0
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C22:0
C23:0

1Y)

0.002°
0.004°
0.013°
0.081¢
0.018°

3.14°
0.046%
12.182
0.246°
22.60%
0.448¢
10.36¢
0.062%
0.056°
0.2052

Milk replacer
PL RE
0.005°2 0.0022
0.011*  0.005%
0.077°2 0.009°
0.154  0.142¢
0.066%  0.012°
4.25°2 0.36¢
0.091%°  0.021¢

10.78%¢  7.66¢
0.403>  0.199¢
25.12° 21.12¢4
0.562°¢  0.530¢
9.48° 13.15%°
0.050°  0.066%
0.018°  0.020°

0.072*¢  0.057¢

Tl
0.002°
0.0072°
0.001°
0.196%
0.011°¢
3.75°
0.065¢
11.65%°
0.452°
24.73b
0.691¢
9.79¢
0.0612
0.011°
0.043°

GU
0.002°
0.006%
0.030%
0.239°
0.04582b¢
0.79b¢
0.067°<
8.98¢
0.425°
21.21¢
0.693P¢
14.07°
0.081°
0.010°
0.173%

PL
0.003?
0.0072°
0.048°
0.511°
0.073%°
1.12b¢
0.0932°
9.26
0.634°
27.49°
1.021°
13.57°
0.0632°
0.018°
0.049°

RE
0.0042
0.006%°
0.0252b
0.274bc
0.036"c
0.90b¢
0.054¢
9.79b¢
0.455°
23.99b¢
0.794°
13.09%
0.0712b
0.023
0.098¢c

Tl
0.0032
0.009%
0.0492
0.4072°
0.0802
1.56°
0.1072
8.61¢
0.7152
27.642
0.977°
11.875°
0.0672
0.014°
0.047¢

S.e.
0.001
0.002
0.012
0.048
0.012
0.360
0.010
0.641
0.054
0.697
0.062
0.640
0.006
0.007
0.023

B
0.49
0.401
0.008
0.034
0.07
0.0001
0.0001
0.013
0.0001
0.0001
0.002
0.017
0.34
0.035
0.0001

RS
0.72
0.83
0.16

0.0001
0.001
0.0001
0.003
0.006
0.0001
0.003
0.0001
0.0001
0.028
0.07
0.90

BxRS
0.17
0.30
0.008
0.10
0.036
0.0001
0.16
0.0001
0.78
0.001
0.30
0.003
0.54
0.000
0.31

"RS, Rearing system; GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate

significant differences (P<0.05). The least square means were adjusted for a hot carcass weight (HCW) of 5.02 kg.
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Table 15. Individual monounsaturated fatty acids of suckling kid meat (g/100 g of FAMEs).
Milk replacer

RS*

Breed (B) GU
C14:1c9 0.229b¢
C15:1 0.002°
C16:1c7 1.922
C16:1c9 2.86°
C17:1c9 0.147¢
C18:1c11 0.079¢
C18:1c12 0.0424
C18:1c13 0.010¢
C18:1c15 0.026¢
C18:1t11 0.349¢
C18:1t15 0.131°
C18:1t16 0.018¢
C18:1c9 30.51¢
C20:1n-9 0.0022
c22:1 0.010°

PL

0.266%°
0.0132

0.28°
2.37%
0.324¢de
0.125bc
0.097¢
0.035°
0.069%°
0.68020¢
0.1372
0.079%¢
33.78°
0.003?
0.003 P

RE
0.0638
0.001°

0.85°
2.55°
0.238d%
0.088%
0.069¢
0.021°¢
0.016°
0.303¢
0.1342
0.035°
41.532
0.002°
0.010

Tl

0.276°
0.003°
0.34°

2.64°
0.425b¢
0.127%¢
0.162°
0.040°
0.075%
0.929%
0.141°
0.120°
35.65°
0.002°
0.006 °

GU
0.107f
0.003°
1.40%
2.10°
0.182¢
0.191%°
0.145¢%¢
0.026°°
0.032°
0.6513¢
0.1732
0.134°
36.30°
0.004°
0.010

PL
0.175%
0.003°
0.31°
2.42%
0.537%
0.192°
0.228°
0.065°
0.080°
1.207°
0.159°
0.216°
33.61°
0.001°
0.004 °

Natural milk

RE
0.143¢
0.004°
0.82°
2.58°
0.379bcd
0.150%
0.154b¢
0.036°
0.052°
0.592°%¢
0.139°
0.125°
36.477°
0.003?
0.007

LL
0.200¢
0.004°

0.31°

2.65°
0.626°
0.135°
0.164°
0.035°
0.053°
1.049%
0.141°
0.136°
35.661°
0.0042
0.004 °

S.e.
0.015
0.002
0.317
0.132
0.054
0.014
0.018
0.006
0.007
0.169
0.014
0.021
1.088
0.001
0.002

B
0.0001
0.14
0.001
0.18
0.0001
0.12
0.005
0.001
0.0001
0.031
0.55
0.054
0.0001
0.81
0.010

RS
0.0001
0.36
0.59
0.1
0.001
0.0001
0.0001
0.004
0.86
0.022
0.12
0.0001
0.86
0.71
0.44

BxRS
0.0001
0.009
0.71
0.001
0.22
0.0001
0.0001
0.017
0.0001
0.63
0.26
0.006
0.0001
0.32
0.71

"RS, Rearing system; GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate
significant differences (P<0.05).
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Table 16. Individual polyunsaturated fatty acids of suckling kid meat (g/100 g of FAMEs).

RS’ Milk replacer Natural milk

Breed (B) GU PL RE TI GU PL RE TI
C18:2¢9,t11 0.174%¢  0.264°4  0.097¢ 0.343° 0.159¢  0.500? 0.270°¢  0.353°
C18:2n-6 7.275%  6.048%®  7.428° 4.465° 6.3392  2.765°¢ 4.283bc 3.188¢
C18:2n-6t9,12 0.024¢ 0.088° 0.023¢ 0.118° 0.110° 0.1732 0.108° 0.115°
C18:2t10,c12 0.027¢  0.026®®* 0.017° 0.025% 0.016° 0.021%® 0.021%* 0.027°
C18:2t9,c11 0.0422 0.014° 0.023°  0.014° 0.026° 0.011° 0.016° 0.014°
C18:3 n-3 0.372¢ 0.230¢ 0.7642 0.227¢ 0.435° 0.191¢ 0.529° 0.193¢
C18:3 n-6 0.035%  0.023b¢  0.018° 0.025° 0.024°¢  0.020°¢ 0.014¢  0.023bc
C20:2 n-6 0.125° 0.062°¢ 0.182@ 0.020¢ 0.073¢ 0.022¢ 0.059¢ 0.021¢
C20:3 n-6 0.0032¢ 0.002°¢  0.0052 0.001¢ 0.0042* 0.001¢ 0.003%><¢ 0.002¢
C20:3 n-9 0.252¢ 0.163° 0.093b«  0.0749 0.151° 0.078% 0.083°< 0.073¢
C20:4 n-6 3.23° 1.95b¢ 0.93¢ 0.87¢ 2.38° 1.15¢ 1.25¢ 0.94¢
C20:5 n-3 0.234° 0.140°® 0.090® 0.078° 0.169%* 0.107° 0.179®®*  0.091°
C22:3 n-3 0.161®> 0.0001° 0.036°> 0.0001° 0.075° 0.0001° 0.044° 0.001°
C22:4 n-6 0.463° 0.264° 0.149° 0.167° 0.227° 0.178° 0.135° 0.171°
C22:5 n-3 0.598%  0.336"°  0.235°¢ 0.197¢ 0.527%®  0.293¢ 0.410°¢  0.252¢
C22:6 n-3 0.093%  0.045°¢  0.044¢ 0.029°¢ 0.109% 0.040¢ 0.091%  0.037¢

S.e.
0.046
0.468
0.016
0.003
0.004
0.033
0.004
0.009
0.001
0.022
0.321
0.029
0.025
0.042
0.061
0.011

B
0.002
0.0001
0.010
0.177
0.0001
0.0001
0.000
0.0001
0.033
0.0001
0.0001
0.001
0.0001
0.0001
0.0001
0.0001

RS BxRS
0.006  0.007
0.0001 0.007
0.0001 0.001
0.218  0.005
0.077 0.152
0.019 0.0001
0.087 0.494
0.0001 0.0001
0.447 0.303
0.005 0.013
0.215 0.097
0.954 0.020
0.386 0.071
0.013  0.003
0.543 0.117
0.072 0.127

"RS, Rearing system; GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. Different superscripts in the same row indicate

significant differences (P<0.05). The least square means were adjusted for a hot carcass weight (HCW) of 5.02 kg.
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Table 17. Main groups of straight and branched fatty acids of suckling kid meat (g/100 g of FAMEs).

RS’ Milk replacer Natural milk

Breed (B) GU PL {3 Tl GU PL {3 TI s.e. B RS BxRS
ISFA 49.87°¢ 51.62% 43.68% 51.96%®  47.34¢ 54.58° 50.21P 52.69% 1.216 0.0001 0.047 0.001
IBCFA 0.41¢ 0.46°¢ 0.31¢ 0.49%c 0.48%¢  0.60° 0.58®® 0.51%° 0.035 0.30 0.0001 0.001
Ziso-BCFA 0.23¢¢  0.27°¢  0.21¢ 0.31° 0.31° 0.392 0.39° 0.33% 0.024 0.22 0.0001 0.004
Zanteiso-BCFA 0.18% 0.19° 0.11° 0.18° 0.172  0.21° 0.19° 0.18° 0.015 0.073 0.06 0.001
IMUFA 36.48° 38.49°¢ 46.03% 41.20° 41.66° 39.65° 42.01° 41.57° 1.126 0.0001 0.45 0.0001
Icis-MUFA 35.84° 37.36° 45.432 39.74° 40.50° 37.63b° 40.80° 39.85° 1.131 0.0001 0.90 0.000
Itrans-MUFA 0.65¢  1.13b¢ 0.59¢ 1.47° 1.16P¢  2.02@  1.21bc 1.72@b 0.212 0.017 0.001 0.42
ICLA 0.24% 0300« 0.149 0.38° 0.20¢¢ 0.53® 0.31c 0.39° 0.047 0.005 0.014 0.005
IPUFA 13.11° 9.64° 10.13* 6.66¢ 10.83® 5.55¢ 7.94¢ 5 50d 0.844 0.0001 0.0001 0.31
n-6 11.16° 8.43> 873> 567 9.16> 4.31¢ 5859 4469 0.744 0.0001 0.0001 0.18
n-3 1.46° 074> 1.17° 0.53° 1.322 0.63® 1.258 0.57° 0.117 0.0001 0.73 0.62
n-6:n-3 7.88° 13.00° 7.46° 12.08° 6.88° 7.82° 478 8.88° 0.708 0.0001 0.0001 0.02
Desirable FA 59.97¢¢ 158.51¢¢ £9.242 58.20¢ 65.62° 59.28%“ 61.80° 59.28 0.970 0.0001 0.98 0.0001

RS, Rearing system; GU, del Guadarrama; PL, Palmera; RE, Retinta; T, Tinerfefia; s.e., standard error. FA. Fatty acids; SFA, saturated fatty acids; BCFA,
branched chain fatty acids; MUFA, monounsaturated fatty acids; CLA, conjugated linoleic acid; PUFA, polyunsaturated fatty acids. Different superscripts
in the same row indicate significant differences (P<0.05). The least square means were adjusted for a hot carcass weight (HCW) of 5.02 kg.
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The main groups of straight and branched fatty acids are shown in Table 17.
SFAs of meat from GU, PL and Tl were similar in both rearing systems (P>0.05), but RE
had a higher ZSFA content when fed natural milk (P<0.05). The iso-, anteiso- and total
BCFAs were affected by the interaction of the principal effects (P<0.01). Hence, for PL
and RE, the total BCFA amount was higher when animals were fed natural milk, whereas
no effect or the rearing system was observed for GU and TI. All the breeds presented
higher iso-BCFA amounts when fed natural milk except Tl, for which no rearing system
effects were observed, and regarding anteiso, only RE was affected by the rearing
system, with higher amounts when animals were fed natural milk. (P<0.05). The rearing
system did not affect the XMUFAs of GU, PL and Tl (P>0.05). However, the meat of RE
had lower XMUFAs when kids were fed natural milk (P<0.05). ZCLA was higher in PLand
RE when kids were fed natural milk (P<0.05) but remained constant in meat of GU and
Tl (P<0.05). ZPUFAs were affected by breed and rearing system (P<0.001). Therefore,
in general terms, meat from suckling kids fed natural milk had lower amounts of
>PUFAs. Finally, the desirable fatty acids were affected by the interaction between
rearing system and breed (P<0.001). Therefore, RE had the most desirable fatty acids
when fed milk replacers but this index diminished when fed natural milk. Conversely,
GU had the highest desirable fatty acid index when fed natural milk. PL and Tl were not

influenced by the rearing system (P>0.05).

Figure 8 shows the principal component analysis of the main groups and
branched fatty acids as a function of the rearing system. The two first principal
components summarized almost 63 % of the variation in the data (Figure 3). Feeding
suckling kids NM was positively related to ZBCFA, XCLA, Ziso-BCFA and Ztrans-MUFA
and negatively related to n-6:n-3 in their meat. However, feeding suckling kids MR was

related to n-6 and PUFAs in their meat.
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Figure 8. Principal component analysis of the main groups and branched fatty acids of
meat of kids reared with milk replacers (MR) or natural milk (NM).
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acids; CLA, conjugated linoleic acid; PUFA, polyunsaturated fatty acids.

3.5. DISCUSSION

Milk

It is well reported that milk composition changes in the first days of lactation and
that goat colostrum has more protein and fat and less lactose than milk (Linzell y Peaker,
1974; Sanchez-Macias et al., 2010; Sanchez-Macias et al., 2014; Pecka-Kietb et al., 2018).
In agreement with that, in the current experiment, protein and fat percentages
decreased and the lactose percentage increased from partum to 10 d of lactation.
However, once colostrum production ceased, the milk composition was almost constant
over time because the mammary gland has developed a high tolerance to external
factors, mainly diet (Bobe et al., 2007; Almeida et al., 2019), over the course of evolution
to preserve functions and ensure the survival of the newborn ruminants (Hernandez-
Castellano et al., 2015). In addition, this resilience is extendable to the fatty acid

composition (Palma et al., 2017). Current results for the proximate composition of
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colostrum are in accordance with those reported in the Majorera breed, with values of
protein ranging from 7-10 %, fat ranging from 8-9 % and lactose ranging from 2-4 %
(Argtello et al., 2006; Moreno-Indias et al., 2012b). Similar results for protein, fat and
lactose (6.2 %, 7.4 % and 4.1 %, respectively) were also reported for Murciano-
Granadina goats (Romero et al., 2013). However, low values of protein and fat were
described in Tinerfefia colostrum(Capote et al., 2008). Regarding the milk composition,
we found higher protein and fat percentages but lower lactose percentages than milk of
Majorera and Payoya at comparable times of lactation reported by other authors
(Delgado-Pertifiez et al., 2009a; Sanchez-Macias et al., 2010; Sanchez-Macias et al.,
2014). However, milk of Sarda had similar percentages of protein and fat but higher
lactose content than that of other breeds (Nudda et al., 2015). Because goat milk has
lower percentages of lactose than cow milk, it can be an alternative to people with

lactose-related health problems.

Literature comparing fatty acids of goat colostrum and milk is scarce. Lou et al.
(2018) reported higher values of SFAs and lower values of MUFAs in milk than in
colostrum of Laoshan breeds, which agreed with our results. Additionally, these latter
authors (Lou et al., 2018) reported that the SFA proportion in colostrum ranged from 70
% to 80 %, in agreement with our results, while Marziali et al. (2018) reported that the
SFA proportion in colostrum of Murciano-Granadina ranged from 48 % to 58 %. On the
other hand, it can be seen in Table 4 that this decrease in the total MUFA amount was
mainly due to a decrease in the cis-MUFA series, whereas the change was less noticeable
for trans-MUFAs. Similarly, there was a decrease in the total PUFA amount, but whereas
the n6 amount was lower in milk than in colostrum for all the studied breeds. However,
the n3 amount only decreased from colostrum to milk in GU and TI. Therefore, both the
relative proportions of different groups of fatty acids as well as the kind of fatty acids
differ between colostrum and milk, which could be reflected in the kid meat
composition. Ruminant milk is the greatest source of CLA (Almeida et al., 2019), and
C18:1c9 is one of the most important fatty acids detected both in milk and colostrum,
as reported by Marziali et al. (2018). As reported by previous researchers (LeDoux et al.,
2002; Andueza et al., 2013), cis- and trans- C18:1 acids are often detected in goat milk,

with a preeminent occurrence of C18:1 t11. However, from a sensory point of view, C8:0,
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C10:0 and 4-methyloctanoic fatty acids were the most influential in the flavor of milk
and more predominant in caprine than in bovine or ovine milk (Ha y Lindsay, 1993; Lou
et al., 2018). Monomethyl-branched substitutions on short-chain fatty acids (C4-C6) are
found only in goat milk and are implicated in goat-like flavors (Haenlein, 2004).
Regarding branched fatty acids, LeDoux et al. (2002) also reported values of
approximately 2.2 % in goat milk, whereas Massart-Leén et al. (1981) found that
branched chain fatty acids comprised 2 % of goat milk and 3 % of cow milk. These values
are much higher than those found in the present study. BCFAs in milk fat are derived
from the incorporation of BCFAs of rumen bacterial lipids, whereas endogenous
synthesis is limited (Vlaeminck et al., 2006). The discrepancies in the results of this study
and previous results could be derived from several factors, such as the diets used, and
deserves more attention in the future. In the literature, several fatty acids have been
widely studied for several reasons. For example, linoleic and alpha linolenic acid are the
only essential fatty acids(Albenzio et al., 2016), and some long-chain fatty acids (DHA,
EPA, ARA) are precursors of bioactive molecules such as prostaglandins, thromboxanes,
leukotrienes and others (Calder, 2011). In addition, as pointed out by Vlaeminck et al.
(2006), CLA is a generally a lesser component of milk fat than BCFA, but both have similar
potential activity against cancer. Although milk and dairy products have a high SFA
content, it has been concluded that the effects on human cardiovascular health are
neutral or even positive (Lordan et al., 2018). It is possible that BCFAs play an important

role in health benefits and must be investigated deeply.

Meat

The rumen of goat kids is fully functional only at approximately 56 d of age (Van
Soest, 1994). Therefore, ruminal biohydrogenation is limited or nonexistent until this
time (Valvo et al., 2005), so the fatty acid content of the intramuscular fat of kids should
be influenced largely by dietary fatty acids (milk). Because 6-20 % of the de novo fatty
acids synthetized arise mainly in the mammary gland and adipose tissue, the fatty acids
of intramuscular fat should be influenced largely by the diets of the dams (Valvo et al.,
2005; Osorio et al., 2007). The endogenous synthesis of MUFA is specifically catalyzed
by the A-9 desaturase enzyme. It has been reported that mammary desaturase activity

is higher in dairy animals than in meat animals (Chilliard et al., 2006; Wood et al., 2008;
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Horcada et al., 2012). However, in the present study, PL and Tl, which are both dairy
breeds, had higher percentages of trans MUFAs and most of the C18:1 isomers but not
higher amounts of the total MUFAs than RE (meat) and GU (mixed purpose). It has been
reported that meat kids show a higher percentage of CLA than dairy kids (Horcada et al.,
2014). In the current results, the most abundant C18:1 isomers were C18:1c9 and C18:1
t11, in agreement with Adeyemi et al. (2017). These fatty acids are important because
C18:1c9 decreases the blood cholesterol content (Binkoski et al., 2005), while an anti-

atherogenic effect of 18:1 c9t11 has been presumed (Pariza et al., 2001).

It is well known that the n-6:n-3 ratio is an indicator of the role of fatty acids in
coronary heart diseases. Although the effects of the ratio on human health are less
consistent than expected (Marventano et al., 2015), it is accepted that this ratio must
be lower than 4 (Scollan et al., 2006). Current results for kid meat varied between 4.78
and 13.00, in agreement with those of other authors (Horcada et al., 2014). The
intramuscular fat from dairy animals, such as PL and Tl, had a more unfavorable n-6:n-3
ratio than other breeds (Horcada et al., 2012). Although some authors did not find a
relationship between slightly different milks and intramuscular fatty acids (Manso et al.,
2011), suckling kid goats have a less healthy n-6:n-3 ratio than adult goats fed forages
(Adeyemi et al., 2017).

Several authors has been reported that fatty acid profile in fat of suckling kids
usually reflects the fatty acid profile of the suckled meat (Bas y Morand-Fehr, 2000;
Bafidn et al., 2006). Although the lack of the chemical and fatty acid composition of milk
replacers is a potential limitation of this study we want to draw attention to the
commercial milk replacers for kids used were very similar between breeds. In addition,
the chemical composition of milk replacer is the same for all kids while the composition
of the fat of the kids varies. Tsiplakou et al. (2016) reported that the FA profile of goat
kids muscles reflected that of suckled milk (natural or artificial) and the FA of muscle
might help to discover when artificially reared goat kids are sold as naturally suckled
kids. According to De Palo et al. (2015), artificial feeding could increase the amount of
unsaturated fatty acids to improve its profitability of milk. Other authors reported that
muscle FA profile of goat kids is healthier when fed natural milk that when fed milk

replacers (Tsiplakou et al., 2016), although this is related with the composition of milk
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replacer. Hence, the modification of the fatty acid composition of milk replacers can be
a useful tool to improve the quality of the intermuscular fat of suckling kids.
Supplementation of milk replacers with docohexanoic acid increased the DHA
concentration and the n-6/n-3 ratios were reduced in tissues of goats kids. However,
some fatty acids of muscle are less prone to be modified than others. Joy et al. (2012a)
reported similar conclusions in suckling lambs. Therefore, CLA and n-6/n-3 of natural
milk and muscles had high correlations while SFA and PUFA n-3 had low correlations.
Other authors found that same positive relationship between linolenic acid in milk and
meat and the lack of relationship between C18:2 n-6 in milk and meat (Nudda et al.,
2008). Other authors found that same positive relationship between linolenic acid in
milk and meat and the lack of relationship between C18:2 n-6 in milk and meat (Nudda
et al., 2008). However, to modify the fatty acids of the suckled natural milk is mandatory
to modify the goats’ diet. Hence, the feeding affected to the PUFA, CLA c9,t11,
PUFA/SFA, PUFA n-3 and PUFA n-6/n-3 of sheep milk, revealing higher CLA, PUFA/SFA,
PUFA n-3 and PUFA n-6/n-3 in milk and suckling lamb meat when grazing pastures
instead being hay fed. Sanz-Sampelayo et al. (2006) investigate the possibility of
improving the composition of goat meat, in terms of the fatty acid composition, using
concentrates supplemented with polyunsaturated fatty acids. These authors reported
that milk contained fat with a lower content of saturated fatty acids and a higher content
of n-3 PUFA, trans-C18: 1 and CLA. The intramuscular fat presented of the suckling kids
had a higher proportion of n-3 PUFA, trans C18: 1 and CLA, while that of n-6 PUFA
remained unchanged. In consequence, it is demonstrated that important fatty acids of
milk can be improved modifying the goats’ diet and the modified milk can improve the

fatty acid composition of the intramuscular fat of the suckling kids

3.6. CONCLUSIONS

This study confirmed that a great change in composition occurs from colostrum
to milk. Once colostrum production has finished, milk composition is almost constant
over time, demonstrating that the mammary gland has developed a high tolerance to
external factors such as diet. Goat colostrum has more protein and fat and less lactose
than milk. Actually, the amount of lactose is lower in goat milk than in cow milk, which

is of interest to people with lactose tolerance issues. Goat milk is an important source
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of healthy fatty acids such as C18:1 c9 and C18:2 n-6. The percentage of C18:1 c9
decreased from colostrum to milk for all breeds, but the decrease in PL and Tl (dairy

breeds) was twofold the decrease in GU and RE (meat breeds).

Suckling kid meat was also an important source of C18:1¢9. Goat dairy breeds
had higher percentages of trans MUFAs and most of the C18:1 isomers but not higher
amounts of the total MUFAs. However, these dairy kids had meat with a lower
percentage of CLA than meat kids. The meat of kids fed natural milk had higher amounts
of CLA and BCFA and lower amounts of n-6 fatty acids than kids fed milk replacers. The
presence of BCFAs on the meat of preruminant animals could be explained by the intake
of BCFAs. Both milk and meat are a source of linoleic and alpha linolenic acids, which are
essential fatty acids and healthy long-chain fatty acids, such as DHA, EPA and ARA. The
effect of the rearing system on the fatty acids composition of milk and meat is clearly
modulated by the breed. Therefore, investigations related with this topic should be

afforded using more than one breed to avoid results open to misinterpretation.

Regarding the possibility of improve the fatty acid composition of suckling kids
fat, several authors has been reported that fatty acid profile in fat of suckling kids usually
reflects the fatty acid profile of the suckled meat (Bas y Morand-Fehr, 2000; Bafién et
al., 2006).

Additionally, it has been found a lack of knowledge of the presence of branched
chain fatty acids in both milk and meat of suckling kids. Because the raising importance
of these fatty acids on human health, and the contribution to the flavor, it deserves more

attention in future researches.
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4.VOLATILE ORGANIC COMPOUNDS AND CONSUMER PREFERENCE
FOR MEAT FROM SUCKLING GOAT KIDS RAISED WITH NATURAL OR
REPLACERS MILK

Este apartado ha dado lugar a la publicacién:

Ripoll G., Cérdoba M.G., Alcalde M.J., Martin A., Arglello A., Casquete R., Panea B. 2019.
Volatile organic compounds and consumer preference for meat from suckling goat kids

raised with natural or replacers milk. Italian Journal of Animal Science, 18: 1259-1270.

4.1. RESUMEN

El objetivo de esta publicacion fue estudiar los compuestos organicos volatiles
de la carne de cabrito lechal criados con leche de sus madres o con lactoreemplazantes
y estudiar la influencia de las caracteristicas psicograficas de los consumidores en la

valoracidén sensorial de la carne.

Se realizd una cromatografia de gases acoplada a espectrometria de masas para
identificar los compuestos volatiles y los consumidores evaluaron la aceptabilidad del

flavor, jugosidad y la aceptabilidad global.

Se detectaron 35 compuestos volatiles de los cuales 44,3 %, 25,1 %, 6,9 % y 2,3
% fueron aldehidos, hidrocarburos, cetonas y alcoholes, respectivamente. La influencia
del sistema de lactancia en los compuestos volatiles dependié claramente de la raza. El
sistema de lactancia no afectd al porcentaje de aldehidos lineales. Sin embargo, el
principal aldehido, el hexanal (34,5 %) se relaciond con el uso de leche de las madres y
se correlaciond positivamente con la aceptabilidad del flavor (r=0,21) y la aceptabilidad
global (r=0,24). Por otra parte, los hidrocarburos como el hexano estuvieron
relacionados con el uso de lactoreemplazantes, y el 2-metil-pentano y el 3-metil-
pentano estuvieron correlacionados negativamente con la aceptabilidad del flavor (r=-
0,22 y -0,22, respectivamente). La aceptabilidad de la carne de cabritos lechales
alimentados con leche de sus madres fue mayor en consumidores con edad avanzada y

consumidores con un consumo moderado de carne.
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4.2. INTRODUCTION

Spain has one of the largest goat populations in the European community,
producing 20 % of the milk goats and 10.9 % of the kid meat in the European Union
(MAPAMA, 2016b). In addition, suckling kid sales are 20 % of the final income per goat
of the dairy farm (Castel et al., 2012). Eighty percent of this kid meat comes from the
light suckling kid category (cabrito) (MAPAMA, 2016b). These light suckling kids have a
liveweight of 10-11 kg and carcass weight of 5-7 kg, and are perceived by consumers to
be high-quality meat (Marichal et al., 2003). In fact, 88 % of European Union goats are
raised and slaughtered as kids with carcass weights between 5 kg and 11 kg (Shrestha y
Fahmy, 2007). When kid goats are reared with their dams, the availability of milk for
cheese production decreases. Therefore, some goat farmers remove the kids from their
dams at a very young age and rear them with milk replacers, as is standard in intensive
dairy cow production. Milk replacers specially formulated for kids can result in good
daily weight gain. However, some farmers are disinclined to use the milk replacers
because this type of rearing involves greater labor costs, even though the total costs are
equal to or higher than those for the natural suckling systems (Delgado-Pertifez et al.,
2009a). Additionally, some farmers choose to feed their kids with natural goat milk,
believing that this increases meat quality (Bafidén et al., 2006). However, leg chops of
kids reared with milk replacers were preferred by consumers according to their visual
appraisal. Moreover, the purchase intention of these chops was also greater than that
for kids reared with natural milk (Ripoll et al., 2018a). Selecting a rearing system of very
light suckling kids is not a trivial question. Meat with high pH appears with more
frequency when very light suckling kids are reared with milk replacers affecting to
muscle colour (Ripoll et al., 2019a); and colour is one of the most important quality

attributes to choose meat at the purchase time (Bernués et al., 2012).

Factors that influence the meat flavor can be grouped into three levels: animal
(breed and feeding type), meat (pre-slaughter handling and ageing) and cooking
(Drumm y Spanier, 1991; Mottram, 1998a; Aaslyng y Meinert, 2017). The most
important factors of cooking are the temperature and cooking time, because they
generate Maillard reactions and lipid degradation (Aaslyng y Meinert, 2017). In addition,

we must consider a last step, the consumer. The perception of meat flavor are
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determined by consumers’ individual preferences (Calkins y Hodgen, 2007) since small
changes in sensory ratings for flavor can greatly influence the overall acceptability of the

meat (Platter et al., 2003).

Raw meat is weakly flavored, but the thermal treatment of lean meat provides a
non-species-specific meaty flavor, whereas warming up meat containing fat develops
species-specific flavor. Meaty flavor is composed of thousands of volatile compounds
including hydrocarbons, aldehydes, ketones, alcohols, furans, thriphenes, pyrroles,
pyridines, pyrazines, oxazols, thiazols, sulfurous compounds, and many others, but only
a minor group are responsible for the characteristic odour and flavor of meat (Shahidi,
1998). The major volatile compounds are produced by the thermal degradation of fat
and the oxidation of fatty acids, which is primarily responsible for the development of
flavor. However, the meat of suckling kids is very lean and it is expected to have a low
odour intensity. Slaughter weight is related to the intensity of kid-specific odour and
milk odour of kids (Ripoll et al., 2012a). There is scarce information on the use of milk
replacers on the flavor of meat from suckling light kids such as cabrito; however, the
pre-harvest animal environment and diet are decisive factors in the desirability of meat
(Calkins y Hodgen, 2007). In fact, some authors detected an influence of the milk on

meat quality of suckling light lambs (Wilches et al., 2011; Moran et al., 2014).

The aim of this study was to characterize the different volatile compounds found
in the cooked meat of suckling light kids reared with natural milk or milk replacers and
the influence of consumers’ psychographic characteristics on the sensory preference for

meat from these rearing systems.

4.3. MATERIAL AND METHODS

Animals and sampling
All procedures were conducted according to the guidelines of Directive
2010/63/EU on the protection of animals used for experimental and other scientific

purposes (E.U., 2010).

Suckling male kids of 8 goat breeds (Florida, FL; Cabra del Guadarrama, GU;

Majorera, MA; Palmera, PL; Payoya, PY; Retinta, RE; Tinerfeia, Tl; Verata, VE) were
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evenly reared at two (FL, MA, PL, PY and Tl) or three farms (GU, RE and VE) per breed in
their respective local areas. Each farm reared approximately a half of kids into each
rearing system. Animals were selected to be as unrelated as possible to ensure that the
full range of genetic diversity was present within breeds in the study. Animals were all
born from single parturition and were raised with milk replacers (MR) or natural milk
from their dams (NM). Kids of the MR rearing system were fed colostrum for the first 2
days and then had free access to the milk replacer for 24 h a day, which was suckled
from a teat connected to a unit for feeding a liquid diet. Commercial milk replacers were
reconstituted at 17 % (w/v) and given warm (40°C). The main ingredients was skimmed
milk ( 60 %) and whey. The chemical composition of milk replacers was: Total fat 25 % +
0.6, crude protein 24 % + 0.5, crude cellulose 0.1 % + 0.0, ash 7% £ 0.6, Ca 0.8 % + 0.1,
Na 0.5% +0.2,P 0.7 % £ 0.0, Fe 36 mg/kg = 4.0, Cu 3 mg/kg + 1.7, Zn 52 mg/kg+ 18.8,
Mn 42 mg/kg + 14.4, | 0.22 mg/kg = 0.06, Se 0.1 mg/kg £ 0.06 and butylated
hydroxytoluene 65 ppm =+ 30. The chemical composition of natural milk was: Total fat
5.00 % =+ 0.08, crude protein 4.02 % + 0.6, and lactose 4.14 % =+ 0.02. Kids of the NM
rearing system suckled directly from dams with no additional feedstuff. At night, they
were housed with their dams in a stable. Kids from both rearing systems had free access

to water.

The numbers of kids used are shown in Table 18. The 246 kids were slaughtered
at a body weight of 8.47 kg + 0.077 kg. Standard commercial procedures according to
the European normative of protection of animals at the time of killing (E.U., 2009) were
followed. Head-only electrical stunning was applied (1.00 A) to the kids, which were then
exsanguinated and dressed with a hot carcass weight of 4.97 kg + 0.061 kg. Carcasses
were hung by the Achilles tendon and chilled for 24 h at 4 °C in total darkness. Then,
carcasses were split into two halves, and the muscle longissimus lumborum (LL) (Caputi-
Jambrenghi et al., 2007; Hukerdi et al., 2019) of the left half carcass was extracted,
vacuum-packed and aged for 3 days at 4 °C. Then, a 2-cm long portion of the LL was cut,
vacuum-packed and frozen at -80°C (Sanyo MDF-U5386S, SANYO Electric Co., Ltd.,
Osaka, Japan) until volatile compounds analysis. The remaining LL was also vacuum-

packed and frozen at -20 °C until sensory analysis.
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Extraction and analysis of volatile compounds

Gas chromatography-mass spectrometry (GC-MS) was performed to identify the
volatile compounds (VOCs) in the meat. Meat samples were thawed and cut to ensure
a 2-cm thickness. Then, samples were cooked to a core temperature of 75 °C. Samples
were minced, and 1 g was weighed into a 5 mL headspace vial (Hewlett—Packard, Palo
Alto, CA, USA) and sealed with a PTFE butyl septum (Perkin-Elmer, Foster City, CA, USA)
in an aluminum cap. Volatile compounds were extracted with a solid-phase
microextraction (SPME) technique with a 10-mm long, 75-um thick fibre coated with
carboxen/polydimethylsiloxane (Supelco Co., Bellefonte, PA, USA). Prior to the
collection of volatiles, the fibre was preconditioned at 300 °C for 1 h in the GC injection
port. The SPME fibre was inserted into the headspace vial through the septum, and
exposed to the headspace for 55 min at 40 °C in a water bath with stirring. GC-MS
analyses of VOCs were performed using a Hewlett—Packard 5890 S Il gas chromatograph
coupled with a Hewlett—Packard 5971A ion-trap mass spectrometer. A5 % phenyl 95 %
dimethyl polysiloxane column (50 m x 0.32 mm ID, 1.05-um film thickness; Hewlett—
Packard) was used for the separation of the VOCs. Helium was used as the carrier gas.
The injection port was in a splitless mode. The SPME fibre was kept in the injection port
at 250 °C during the chromatographic run. The temperature program began in an
isothermal mode for 5 min at 35 °C and ramped to 150 °C at 4 °C min™!, followed by 250
°C at 20 °C minl. The GC-MS transfer line temperature was 280 °C. The mass
spectrometer was operated in the electron impact mode, with an electron energy of 70
eV, a multiplier voltage of 1756 V and a rate of 1 scan s over a range of m z** 20-365 for
data collection. To calculate the Kovats indexes for the different compounds, n-alkanes
(Sigma R-8769) were run under the same conditions. The VOCs of cooked meat were
identified by comparison of their mass spectra with data in the NIST database and the
calculated Kovats indexes. Quantification was based on either the total or single ion

chromatogram on an arbitrary scale.

Consumer sensory test
Participation of the naive consumers in the experiment was voluntary and
anonymous. Personal data including identification and electronic mail were not

required, and there was no economic compensation. Participants were informed clearly
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about the aim of the study and gave implicit consent to use the supplied information
according to European regulations (U.E., 2010). Vegan people did not participate in the
study. Sensory analysis was performed with a home test (Dransfield et al., 2000). Each
of the 114 consumers was provided with two vacuum-packed and frozen samples of
meat from each rearing system of the same breed. Home tests are widely used to
acquire information about the product in a realistic situation (Dransfield et al., 2000;
Lunde et al., 2010; Aaslyng et al., 2016), and two samples were recommended for the
study (Santa Cruz et al., 2005). A sheet with some questions and the instructions were
provided with the meat (Annex A). The meat was to be grilled without condiments such
as salt or spices. Home test do not ensure a controlled environment of cooking but
scores of the both samples of each consumer are compared in the same conditions. The
consumers evaluated the flavor acceptability, juiciness acceptability and overall
acceptability of the samples on a scale from 1 (dislike extremely) to 10 (like extremely).
Consumers were asked about their age, gender, level of preference for meat, frequency

of consumption of meat and if they had previously tasted kid.

Statistical analysis

Statistical analyses were performed with the XLSTAT statistical package v.3.05
(Addinsoft, USA). The percentage of the total area detected for each volatile compound
was calculated. Then, VOCs were subjected to an analysis of variance with the breed and
rearing system as fixed effects. Flavor acceptability, juiciness acceptability and overall
acceptability were mean-centered to reduce the dependence on magnitude and the
different use of scale of consumer, and also on differences on cooking between
consumers. Hence, the scores of consumers were expressed as a deviation from their
own mean, subtracting each score to the average score of each consumer (Ripoll et al.,
2014). Flavor acceptability, juiciness acceptability and overall acceptability were studied
with an analysis of variance with the rearing system, age, gender, level of preference for
meat, frequency of consumption of kid meat and previous consumption of kid meat as
fixed effects. The least square means were estimated, and differences were tested with
a level of significance at 0.05. The Pearson correlations between volatile compounds and
the consumer sensory test were calculated with the residuals of each observation. The

dependence between the age and gender of the consumer was studied using the x? test.
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4.4. RESULTS

Volatile compounds

A total of 35 VOCs were identified and quantified. The identified VOCs included
9 aldehydes, 8 hydrocarbons, 4 ketones, 4 alcohols, and 6 others such as pyrazines,
furans and ethers (Table 18,Table 19,Table 20 and Table 21, respectively). The remaining
4 detected VOCs were not identified. The mean percentage of the total area for each
group of VOCs was 44.3 %, 25.1 %, 6.9 %, 2.3 %, 21.0 % and 0.35 % for aldehydes,
hydrocarbons, ketones, alcohols, others and unknowns, respectively. Hexanal was the
major VOC, with 34.8 % of the total area. Moreover, hexanal showed the greatest
coefficient of variation (CV = 168 %). The main VOC were hexane and ethyl acetate with
21.3 % and 16.4 % of the total area, respectively. The CV of both VOCs was also greater
than 100 %. The interaction between the breed and the rearing system affected 31 VOCs
(P<0.05), while 2- ethyl hexanal, toluene and carbon disulphide were only affected by
breed (P<0.001). 2.5-dimethyl pyrazine was affected by breed and rearing system
(P<0.05).

In general, the rearing system did not affect the percentage of linear aldehydes
from 5 to 9 carbons (P>0.05) in some breeds (Table 18). However, the use of milk
replacers decreased the percentage of these VOCs in other breeds. Verata kids fed NM
had the highest values of linear aldehydes from 5 to 9 carbons (P<0.05). Payoya kids fed
NM also had high values for hexanal, heptanal and octanal. Conversely, Retinta kids fed
MR had the lowest values for aldehydes from 5 to 9 carbons (P<0.05). Majorera kids fed
MR also had low values for pentanal and nonanal. Retinta kids fed NM had similarly low
values for nonanal (P>0.05). In general, Majorera and Verata kids fed NM had higher

percentages of linear aldehydes (P<0.05) than those fed MR.

Regarding the minority aldehydes, 2-ethyl-hexanal was found in almost every
breed except Guadarrama. The other minority aldehydes were not detected in the three
breeds from the Canary Islands (Majorera, Palmera and Tinerfeiia). The effect of the

rearing system on these aldehydes was different for each breed.
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Table 18. Volatile compounds (aldehydes) of kids reared with milk replacer (MR) or natural milk from their dams (NM).

n Pentanal Hexanal Heptanal 2-Methyl 2-Methyl butanal 3-Methyl butanal 2-Ethyl

propanal Hexanal

FL MR 15 1.46* 45.,87°« 1.58bcde 0.89¢¢e 3.74¢ n.d. 0.12¢ 0.10° 0.15%
NM 15 1.91° 48.43%c 2.45% 1.323bcd 5.09¢def n.d. 0.14< 0.16° 0.19%

GU MR 15 0.83%f 35.34¢cde 1.05%f 0.84¢ 4.00%f n.d. n.d. n.d. n.d.
NM 16 0.99¢ 46.36° 1.120df 1.43%¢ 10.532 n.d. 0.11« 0.13° n.d.

MA MR 16 0.28 23.26°f 0.67¢ 0.83¢d 3.19f n.d. n.d. n.d. 0.07%
NM 16 0.61%f 41.85 2.17%¢ 1.66% 6.68°< n.d. n.d. n.d. 0.03*

PL MR 15 0.32¢ 29.78d%f 0.95¢%f 1.61% 7.42 n.d. n.d. n.d. 0.11%*
NM 16 0.40%f 30.36%f 1.85bd 1.41°¢ 6.23bcde n.d. n.d. n.d. 0.12%

PY MR 16 0.96% 56.59% 1.57bcde 1.07bcde 5.3gcdef n.d. 0.24% 0.882 0.13%
NM 14 2.09° 63.042 2.61% 1.792 6.64°< n.d. 0.02¢ 0.07° 0.02°

RE MR 15 n.d. 2.90" 0.39f 0.45¢ 2.97f n.d. 0.412 0.20° 0.262
NM 15 0.22° 9.13¢" 0.67¢ 0.68% 3.09f 0.09? 0.32% 0.27° 0.21%

Tl MR 16 0.23° 16.991e" 1.78bcde 1.05P¢de 4.47%f n.d. n.d. n.d. 0.06°
NM 16 0.26° 24.49¢%f 1.27°df 1.49%¢ 6.65° n.d. n.d. n.d. 0.12%

VE MR 15 0.70%f 30.66%f 1.10%%f 1.00P°cde 3.97¢%f 0.07° 0.462 0.692 0.20%
NM 15 3.27° 54.15% 3.04° 1.88° 8.71%° n.d. 0.32%° 0.24° 0.11%

s.e. 0.129 3.285 0.227 0.134 0.565 0.006 0.029 0.055 0.038
B 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.0001 0.0001 0.0001 0.0001 0.0001 0.495 0.005 0.0001 0.270
B*RS 0.0001 0.007 0.0001 0.001 0.0001 0.0001 0.0001 0.0001 0.235

"B, Breed; RS, Rearing system; s.e., standard error. FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfefia;
VE, Verata. The volatile compounds are expressed as percentage of total detected volatile compounds. n.d., No detected. Different superscripts indicate
significant differences within the same column (P<0.05).
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Table 19. Volatile compounds (aliphatic and aromatic hydrocarbons) of kids reared

with milk replacer (MR) or natural milk from their dams (NM).
2- 3- Hexane Heptane Toluene p-Xilene o,m-Xilene Limonene
Methyl  Methyl

pentane pentane

FL MR  1.82° n.d.  20.00%c  0.12b« 0.09° n.d. 0.19° 0.32°¢
NM  1.63b n.d.  14.85°d  0.06% 0.16° n.d. 0.33° 0.33b¢
GU MR  1.61° 4.63¢ 31.55° n.d. n.d. 0.322 0.04¢ 0.19¢
NM  0.60% 1.87d®  26.45% n.d. n.d. 0.292 n.d. n.d.
MA MR 0.27¢ 0.50F  30.69%° 0.32b¢ n.d. n.d. 0.02¢ 0.46¢
NM  0.254 0.30¢F  23.98%c 1.032 n.d. n.d. 0.06¢ 0.622b
PL MR  0.08¢ 0.11f 9.40¢de n.d. n.d. n.d. n.d. 0.33b¢
NM  0.204 0.15¢F  19.492b<d (.02 n.d. n.d. n.d. 0.29b¢
PY MR  0.28¢ n.d. 6.15% 0.02¢ 0.362 n.d. 2.652 0.632
NM  0.514 n.d. 3.04¢ 0.34b 0.322 n.d. 0.69b 0.922
RE MR  3.872 7.08° 33.552 n.d. n.d. n.d. n.d. 0.63%
NM  4.312 10.652  34.182 0.02¢ n.d. n.d. n.d. 0.48"¢
Tl MR  0.13¢ 0.24¢F  19.1742bcd n.d. n.d. 0.16° n.d. 0.632P
NM  0.28¢ 0.30¢F  28.62% 0.014 n.d. n.d. n.d. 0.35b¢
VE MR 0.87°«d  2.98ced 34722 0.04¢ n.d. n.d. n.d. 0.51b¢
NM  0.85b¢  0.36¢f 3.48% 0.19bcd n.d. n.d. n.d. 0.45b¢
s.e. 0.200 0.343 3.232 0.053 0.018  0.027 0.105 0.067
B 0.0001 0.0001 0.0001  0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.700 0.169 0.017 0.0001  0.749  0.092 0.0001 0.315
B*RS 0.025 0.0001  0.0001 0.0001 0.194  0.041 0.0001 0.001

" B, Breed; RS, Rearing system; s.e., standard error. FL, Florida; GU, del Guadarrama; MA,
Majorera; PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfeia; VE, Verata; n.d., No detected. The
volatile compounds are expressed as percentage of total detected volatile compounds. Different
superscripts indicate significant differences within the same column (P<0.05).

The main hydrocarbons were 2-methyl pentane, 3-methyl pentane and hexane
(Table 19). The remaining hydrocarbons were less than 1 % of the total VOCs. The 2-
methyl pentane percentages were similar between rearing systems within breeds
(P>0.05). For this VOC, Majorera, Palmera, Payoya and Tinerfefia kids had the lowest
values (P<0.05) for 2-methyl pentane, while Retinta kids had the highest value (P<0.05).
Retinta kids fed NM had the highest values of 3-methyl pentane (P<0.05). This VOC was
not detected in Florida and Payoya meat. The presence of heptane was greater (P<0.05)
for kids fed NM than that for those fed MR for most of the breeds. However, heptane

was not detected in Guadarrama meat, and Florida meat had similar values (P>0.05)
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between rearing systems. Toluene was only detected in Florida and Payoya meat, with
no differences between rearing systems (P>0.05). The compound p- xylene was only
detected in Guadarrama meat, with no differences between rearing systems (P>0.05),
as well as in Tinerfeia kids fed MR. The compound o,m-xylene was only detected in
Florida, Majorera and Payoya meat, but the rearing system affected Payoya meat. The
o,m-xylene values for Payoya kids fed MR were almost 4-fold greater than those for
Payoya kids fed NM (P<0.05). Limonene was detected in every group except
Guadarrama kids fed NM. Moreover, Guadarrama kids fed MR had the lowest limonene
values (P<0.05). In general, the rearing system had no influence on the VOCs content
(P>0.05), but Majorera kids fed NM had more limonene than did Majorera kids fed MR
(P<0.05).

The detected ketones are shown in Table 20. There was no consistent effect of
rearing system on acetone. While Florida, Majorera, Palmera, Payoya, Retinta and
Tinerfefia kids had similar values for both rearing systems (P>0.05), Verata kids fed NM
had greater values than did Verata kids fed MR (P<0.05). On the other hand,
Guadarrama kids fed NM had no detectable values, and 0.47 % acetone when fed with
milk replacers. 3-hidroxy-2-butanone was not detected in most of the breeds, but its
concentration was greater for MR rearing than for NM rearing (P<0.05). The influence
of the rearing system on 3-heptanone is not clear. While the 3-heptanone values were
greater for NM in Guadarrama and Verata kids (P<0.05), Retinta and Majorera kids had
greater values with MR (P<0.05).

The other breeds had similar percentages with any rearing system. There were
no differences between rearing systems (P>0.05), except Majorera kids that had a

greater percentage when reared with NM than MR (P<0.05).

The detected alcohols are shown in Table 20. These alcohols were not detected
in Majorera, Palmera and Tinerfefia meat. The meat of kids fed NM from the
Guadarrama and Payoya groups had greater values of 1-butanol and 1-pentanol, but
those of the other breeds had no differences between rearing systems. There was no
effect of rearing system (P>0.05) on 3-heptanol and 2-ethyl-1-hexanol for most of the

breeds.
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Table 20. Volatile compounds (ketones and alcohols) of kids reared with milk replacer (MR) or natural milk from their dams (NM).

RS Acetone 3-Hidroxy- 3-Heptanone 2-Methyl- 1-Butanol 1-Pentanol 3-Heptanol 2-Ethyl-
2-butanone 3-octanone 1-Hexanol
FL MR 2.62P¢ n.d. 3.13b¢ 2.63def n.d. 1.53¢ 1.54° 0.19¢
NM 2.09¢ n.d. 2.47°¢ 4.38bcd n.d. 2.19P¢ 1.38° 0.23¢
GU MR 0.47¢ n.d. n.d. 0.358 n.d. 1.219% n.d. n.d.
NM n.d. n.d. 0.06° 1.89¢f8 0.67 2.26°¢ n.d. n.d.
MA MR 0.36° n.d. 0.01¢ 2.38d°f8 n.d. n.d. n.d. n.d.
NM 1.129 n.d. n.d. 5.752b n.d. n.d. n.d. n.d.
PL MR 0.41¢ n.d. 0.02¢ 2.42d<fe n.d. n.d. n.d. n.d.
NM 0.57¢ n.d. 0.02¢ 2.85¢de n.d. n.d. n.d. n.d.
PY MR 2.57°¢ 0.52° 2.90¢ 6.21%b n.d. 3.832 2.39° 0.10¢
NM 2.67°¢ 0.04¢ 2.45¢ 4.893b¢ n.d. 2.52° 1.30° 0.43°
RE MR 5.062 1.262 5.812 0.53f8 n.d. 0.19f 2.62° 1.00°
NM 5.502 n.d. 3.63° 0.96¢°' n.d. 0.53ef 2.17° 0.55°
TI MR 0.38¢° n.d. 0.01¢ 0.71f8 n.d. n.d. n.d. n.d.
NM 0.39¢ n.d. 0.01¢ 2.27d<f8 n.d. n.d. n.d. n.d.
VE MR 3.54 0.39¢ 1.42¢ 5.523b n.d. 2.26°¢ 1.42° 0.25¢
NM 6.052 n.d. 2.89P¢ 6.92° n.d. 2.30°¢ 2.31° 0.22°¢
s.e. 0.262 0.069 0.194 0.426 0.029 0.158 0.17 0.033
B 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.005 0.0001 0.023 0.0001 0.0001 0.214 0.082 0.401
B*RS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

" B, Breed; RS, Rearing system; s.e., standard error. FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY, Payoya; RE, Retinta; T, Tinerfefia;
VE, Verata; n.d., No detected. The volatile compounds are expressed as percentage of total detected volatile compounds. Different superscripts indicate
significant differences within the same column (P<0.05).
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Table 21. Volatile compounds (others) of kids reared with milk replacer (MR) or natural
milk from their dams (NM).

Diethyl Carbone Ethyl Butiryc 2,5-dimethyl 2-pentyl
ether disulphide acetate acid pirazine furan
FL MR  3.62° 0.35°¢ 7.15fn n.d. 0.22° 0.32¢
NM  2.77b« 0.14¢ 6.588" n.d. 0.13% 0.32¢
GU MR  0.39¢ n.d. 15.70¢f@ 1.452 n.d. 0.01¢
NM  1.03ce n.d. 3.93¢" 0.05° n.d. 0.21¢
MA MR  0.32¢ 2.23° 33.88"¢ n.d. n.d. 0.044
NM  0.81% 2.41° 10.30¢°feh n.d. n.d. 0.144
PL MR  0.07¢ 2.67° 43,25 n.d. n.d. 0.80°
NM  1.47¢<de 2.31° 31.04¢ n.d. n.d. 0.85°
PY MR 1.9bcde n.d. 2.440 n.d. n.d. n.d.
NM  1.04%e 0.13¢ 1.61" n.d. n.d. 0.16¢
RE MR  8.20° 1.08b¢ 18.60°f n.d. 0.18% 1.692
NM  8.31° 1.20°¢ 11.39¢feh n.d. 0.07° 0.90°
TI MR  0.87¢<e 4.292 48.35? n.d. n.d. 0.21¢
NM  6.46° 4.542 21.65¢% n.d. n.d. 0.36%
VE MR  2.87° 0.51°¢ 2.97" n.d. n.d. 0.67°¢
NM  0.76% 0.56¢ 0.08" n.d. n.d. 0.35¢
s.e. 0.404 0.306 2.302 0.068 0.023 0.075
B 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
RS 0.007 0.897 0.0001 0.0001 0.036 0.132
B*RS 0.0001 0.979 0.0001  0.0001 0.067 0.0001

" B, Breed; RS, Rearing system; s.e., standard error. FL, Florida; GU, del Guadarrama; MA,
Majorera; PL, Palmera; PY, Payoya; RE, Retinta; Tl, Tinerfefia; VE, Verata; n.d., No detected. The
volatile compounds are expressed as percentage of total detected volatile compounds. Different
superscripts indicate significant differences (P<0.05).

The Table 21 shows another individual compounds. The lowest values of diethyl
ether were detected in the meat of Guadarrama, Majorera and Palmera kids fed with
MR (P<0.05), although there were no differences compared with the values from kids of
the same breeds fed NM. Tinerfena kids fed MR had lower diethyl ether percentages
than those of the same breed fed NM (P<0.05) although Verata kids fed MR had greater
values than those of the same breed fed NM (P<0.05). Carbone disulphide was affected
only by breed; Florida and Verata kids had the lowest values, and Tinerfefia kids had the
highest (P<0.05). Butyric acid was detected only in Guadarrama meat, and the kids fed
MR had a higher percentage than that of kids fed NM (P<0.05). The compound 2,5-

dimethyl pyrazine was detected in Florida meat without differences among rearing

176



Volatile compounds of suckling kid meat

systems (P>0.05) and in Retinta meat, which had greater values when fed MR versus NM
(P<0.05). The rearing system had no effect on the 2-pentyl furan levels in Florida,
Guadarrama, Majorera, Palmera, Tinerfefia and Verata meat (P>0.05). However, the
percentage of this furan was greater in Payoya kids fed NM versus MR. The use of MR

increased the percentage of this VOC compared to that in NM (P<0.05).

Preference of consumers for meat from different rearing systems

The consumer sample was equally distributed by gender (x?= 2.24; P = 0.6) with
46 % men. The ages of both men and women were similarly distributed (x*> = 2.60; P =
0.9), although the percentage of men older than 55 years was slightly greater than that
of women at the same age (P>0.05). The 12.8 % of consumers were younger than 25 yr,
33.2 % were in the 26 to 40 yr group, 31.7 % were in the 41 to 55 yr group and the 22.3
% were older than 55 yr. Most of the consumers (72-5 %) reported a high preference for
meat while 25.9 % reported intermediate preference and 1.6 % reported low
preference. The frequency of consumption of meat was lower than 2 times per week for
13.3 %, from 3 to 6 times per week for 76.1 % and higher than 6 times per week for the

10.6 % of consumers. Finally, the 88 % reported previous consumption of kid meat

When the whole population was considered, there were no differences in the
acceptability of flavor (P = 0.06), juiciness (P = 09) and overall acceptability (P = 0.3)
between rearing systems. Additionally, neither gender nor its interaction with the
rearing system were significant (P>0.05) for the sensory variables. The interaction
between the rearing system and age was not significant (P>0.05) for the acceptability of
flavor and overall acceptability, but it was significant (P = 0.03) for the acceptability of
juiciness. Consumers younger than 55 years did not find differences between rearing
systems, but people older than 55 years preferred the NM (Figure 9a). There were no
differences in the acceptability of the meat from kids fed NM and MR according the level
of preference for meat (P>0.1). Consumers with a moderate consumption of meat (3-6
times per wk.) showed a greater overall acceptability of NM (P = 0.04) (Figure 9b), while
the frequency of meat consumption did not affect the acceptability of flavor (P = 0.6)
and juiciness between rearing systems (P = 0.6). Consumers who had previously tasted
kid meat showed greater acceptability of juiciness (P = 0.048) and overall acceptability

(P =0.002) for NM than MR (Figure 9c).
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Figure 9. Sensory analysis of meat from kids reared with milk replacers or natural milk.
a) Juiciness acceptability per age of consumer. b) Overall acceptability per frequency
of meat consumption. c) Juiciness acceptability and overall acceptability of consumers.
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Figure 10. Biplot of the Principal Component Analysis of the volatile compounds of
cooked meat of 8 breeds of kids fed natural milk (NM) or milk replacers (MR).
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FL, Florida; GU, del Guadarrama; MA, Majorera; PL, Palmera; PY, Payoya; RE, Retinta; TI,
Tinerfefia; VE, Verata. The volatile compounds are expressed as percentage of total detected
volatile compounds.

Relationship between VOCs and sensory analysis

The three sensory variables were highly correlated (P <0.001). The overall
acceptability was correlated with the acceptability of flavor (r = 0.80) and acceptability
of juiciness (r = 0.70), while the acceptability of juiciness and flavor were less correlated
(r = 0.53). Therefore, the three variables were placed together as seen in Figure 10.
Aldehydes were placed together close to the first axis. Thus, the correlation between
hexanal and the acceptability of flavor and overall acceptability was 0.21 and 0.24,
respectively (P<0.05); these aldehydes were related with the NM rearing system. On the
other hand, hydrocarbons such as hexane were related to MR, and 2-methyl-pentane
and 3-methyl pentane were correlated with the acceptability of flavor (r = -0.22 and -

0.25, respectively) and with the overall acceptability (r = -0.21 and -0.24). The VOC 2-
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penthyl furan and 2-ethyl-1-hexanol were correlated with the overall acceptability (r = -

0.22 and -0.22, respectively).

4.5. DISCUSSION

Volatile compounds

There are many VOCs detected in the headspace of cooked meat, and most of
them are generated by Strecker degradation of amino acids as a part of the Maillard
reaction and lipid oxidation (Calkins y Hodgen, 2007). There is limited evidence about
the effect of rearing systems on VOCs detected in meat from suckling light kids.
However, there are some studies on suckling light lambs (Osorio et al., 2008; Wilches et
al., 2011). In agreement with these authors, we demonstrated that the magnitude of
the effect of the rearing system depended mainly on the breed, because breeds that

accumulate fat faster also accumulate greater amounts of VOCs (Wilches et al., 2011).

VOCs typically derived from lipid oxidation, such aldehydes, were more abundant
in NM than those in MR (Osorio et al., 2008). These VOCs originated from auto-oxidation
of fatty acids and the phospholipids of meat. Therefore, pentanal and hexanal were
derived from linoleic and arachidonic acid, heptanal and octanal from oleic and linoleic
acid, and nonanal from oleic acid (Shahidi, 1998; Calkins y Hodgen, 2007).. The presence
of linear aldehydes is important, because these VOCs have low odour thresholds
(Drumm y Spanier, 1991) and their aromas are generally described as fruity or similar to
fresh cut grass. This fact was in agreement with the positive correlations found in this
study between hexanal and the acceptability of flavor and overall acceptability.
However, when aldehydes were studied in beef, the descriptors changed from desirable
(fatty, meaty) to less desirable (rancid, painty, herbal) when the concentration of
aldehydes in meat increased (Brewer y Vega, 1995). Lean meat generates fewer
aldehydes, and the descriptors should be positive. On the other hand, there are
undesirable VOCS, including some medium-length branched-chain fatty acids such as
the 4-methyloctanoic, 4-methylnonanoic and 4-ethyl analogs. These VOCS are
responsible for the disgusting “muttony” and “sheepy” odour and are not found in
suckling light kids because they appear upon puberty (Young y Braggins, 1998).

However, butyric acid appeared in the Guadarrama kids. The aldehydes 2-methyl
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propanal, 2-methyl butanal and 3-methyl butanal are generated in the Strecker
degradation of valine, leucine and isoleucine, respectively, and have been reported to
contribute considerably to the overall flavor of meat products (Andrade et al., 2010). 2-
methyl propanal has been associated with barnyard odour (Frank et al., 2017), while 3-

methyl butanal has been associated with ripened flavor (Careri et al., 1993).

Although hexane appeared in high amounts, hydrocarbons make minimal
contributions to desirable or undesirable flavors {Drumm, 1991 #4330. Additionally,
some benzene-derived VOCs (toluene, p-xylene, o,m-xylene) have been detected
(Wilches et al., 2011). The effect of the breed on toluene was high since it was detected
in Churra but not Castellana suckling lambs irrespective of the rearing system (Wilches
et al., 2011). Additionally, Vasta et al. (2012) found toluene in milk from grazing and

stall-fed ewes.

The ketone 3-hydroxy-2-butanone was indicative of MR, and it is though that it
adds buttery notes (Montel et al., 1998). Other minority VOC were also found in suckling
light lambs such as 1-pentanol (Vieira et al., 2012). Ethyl acetate has a positive
relationship with barnyard odor (Frank et al., 2017). Alkyl pyrazines such as 2,5 dimethyl
pyrazine have a very low odor threshold (Fors y Olofsson, 1985). This pyrazine is a
heterocyclic product from the later stages of the Maillard reactions and comes from the
condensation of some amino acids and fructose. Dimethyl pyrazines appear more
frequently in well-done grilled meat than they do in roasted meat (Chen y Ho, 1998). 2-
pentyl furan was detected in almost every breed and rearing system of this study. This
compound was also detected in cooked pork but not in beef (Ho et al., 1978). 2-pentyl
furan was also found in suckling lambs fed MR (Moran et al., 2014). This VOC is
associated with beany, grassy (Drumm y Spanier, 1991) and liver (Frank et al., 2017)
flavor. The degradation of sulphur-containing amino acids and thiamine generated in
the Strecker degradation produces sulphur-containing compounds such as carbon
disulphide and hydrogen sulphide. These compounds are important because they have
very low odour thresholds (Mottram, 1998a). The concentration of sulphur-containing
compounds is not affected by the rearing system of suckling lambs (Osorio et al., 2008).
The most dominant sulphur compound in meat volatiles is hydrogen sulphide (Nixon et

al., 1979). However, hydrogen sulphide was not found in suckling lambs or kids because
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this VOC is mainly in fat. Therefore, meat from suckling light small ruminants had a very
low amount of intramuscular fat. Moreover, some authors proposed that high-pH meat,
such as kid meat (Ripoll et al., 2012a), is less flavourful (Young et al., 1993), because
proteolysis and lipolysis operate more favourably at a lower pH (Young et al., 1993;
Young y Braggins, 1998). However, carbon disulphide has been detected previously on
suckling lamb meat (Vieira et al., 2012). Carbon disulphide has been described as having
a pleasant and sweet odour (Holleman et al., 2001). The lack of correlation between
minority VOCs and sensory data could be because differences between rearing systems

were not sufficiently large to have had an impact on flavor (Vieira et al., 2012).

Consumer preference for meat from different rearing systems

There is scarce information about the sensory differences between rearing
systems on suckling light kids or lambs. Moreover, information provided is not
conclusive. In agreement with the results of this study, the acceptability of flavor and
overall acceptability of light kids fed NM were greater than those of kids fed MR (Alcalde
etal., 2013a). Napolitano et al. (2002) reported that panellists were able to differentiate
between suckling lamb meat from NM and MR (information on product preferences and
differential sensory properties was not available), but other authors reported that a
semi-trained panel could not find differences between rearing systems (Osorio et al.,
2008). In agreement with the results of this study, significant correlations have been
reported by consumers of European countries between overall appraisal and flavor of
lamb and suckling kid meat (Dransfield et al., 2000; Font-i-Furnols et al., 2006). However,
preference or acceptability of meat is influenced by cultural aspects and consumption
habits (Bernués et al., 2012). Dransfield et al. (2000) demonstrated a clear influence of
the consumer’s nationality on lamb preference. When nonprofessional panellists were
used, the segmentation of people according to sociodemographic or psychographic
characteristics was required to avoid misinterpretation of the results (Font-i-Furnols et
al., 2006). Thus, the perception of flavor decreased with age, and some authors reported
a loss of sensory capabilities from 60 years of age (Rolls, 1999). Other authors suggested
that the loss of capabilities started at 40 years (Russell y Cox, 2004). However, in this
study, only the older people differentiated between rearing systems. This result could

be explained by the familiarity with the meat, which is related to the frequency of
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consumption and involvement with kid meat. Consumers with great familiarity with
meat and great frequency of consumption also had high involvement (Borgogno et al.,
2015b). Consumers with great involvement think that certain products are a reflection
of their own image (Verbeke y Vackier, 2004). Therefore, these consumers could
magnify differences between rearing systems erratically. The consumers with great
familiarity also showed high scores on flavor and tenderness (Borgogno et al., 2015b).
On the other hand, consumers with low involvement have been reported to take
decisions spontaneously (Verbeke y Vackier, 2004). However, in this study, people with
a moderate consumption of meat showed more discrimination power between rearing

systems than did the other consumers.

4.6. CONCLUSIONS

The influence of the rearing system on the volatile compounds of cooked meat
from suckling light kids clearly depended on the breed. In general, terms, the use of milk
replacers did not affect the percentage of linear aldehydes compared to that in natural
milk. However, the major aldehyde, hexanal, was related to the use of natural milk,
while hydrocarbons, such as hexane, were related to the use of milk replacers. In
addition, hexanal correlated positively with the acceptability of flavor and overall
acceptability. Therefore, the acceptability of meat from suckling kids fed natural milk
was greater for older consumers and people with a moderate consumption of meat. The
other consumers did not differentiate the meat from kids raised on both systems. Other
volatile compounds such as 2-methyl-pentane, 3-methyl pentane, 2-penthyl furan and
2-ethyl-1-hexanol were found in low amounts but correlated negatively with the overall
acceptability of suckling kid meat. The use of consumers’ psychographic characteristics
helps to understand their preferences and avoid misleading conclusions from the

sensory tests.
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Anexo A

THANK YOU FOR YOUR COLLABORATION

We need that you assess TWO samples of kids’ meat. Please, follow the instructions:

1. Take out the two samples of meat from the bag and keep it in the fridge overnight.

45
12

P

2. Check that the number of the samples are the same that the numbers of this response form.

b

( Flavor acceptability (1-10) I:] E

o
Juiciness acceptability (1-10) I:I |:|
Overall acceptability (1-10) |:| |:|

3. Unwrap the samples carefully and do not mixed it.

4. Grill the meat without condiments such as salt or spices.
5. Taste it and score it from 1 (very low acceptability) to 10 (very high acceptability).
6. Finally, answer some questions about you.

Please score the meat from 1 (very low acceptability) to 10 (very high acceptability).

Flavor acceptability (1-10) | | |

Juiciness acceptability (1-10) | | |

Overall acceptability (1-10) | | |

Algunos datos sobre Ud.

Gender Man <25 High_
Woman Age 26-40 Preference for meat | Medium
41-55 Low
>55

2 times or less
Frequency of meat consumption per week From 3 to 6 times
More than 6 times

Did you tasted the kid meat before the test? ‘ SI ‘ NO
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5.CONSUMER VISUAL APPRAISAL AND SHELF LIFE OF LEG CHOPS
FROM SUCKLING KIDS RAISED WITH NATURAL MILK OR MILK
REPLACER

Este apartado ha dado lugar a la publicacion: Ripoll G., Alcalde M.J., Argliello A., Cérdoba
M.G., Panea B. 2018. Consumer visual appraisal and shelf life of leg chops from suckling
kids raised with natural milk or milk replacer. Journal of the Science of Food and

Agriculture, 98: 2651-2657.

5.1. RESUMEN

El uso de lactoreemplazantes para alimentar cabritos lechales puede afectar a la
vida util y a la apariencia de la carne. Varias chuletas de pierna de los cabritos fueron
evaluadas visualmente por los consumidores y se midid el color instrumental de las
mismas. Con estos datos y un algoritmo de aprendizaje automatico se intentd relacionar
la evaluacion de los consumidores y las variables instrumentales de color. El objetivo de
esta publicacion fue estudiar la vida util de carne de cabrito alimentados con leche de
sus madres o con lactoreemplazantes para averiguar qué iluminante y qué variables de
color son mds utiles para el consumidor a la hora de valorar la apreciacién visual. La
carne de los cabritos criados con lactoreemplazantes fue mas apreciada y tuvo una vida
atil mas larga que la de la carne de cabritos amamantados por sus madres. Los
consumidores utilizaron el color de toda la superficie de la chuleta para valorar la
apariencia de la carne. La luminosidad y el tono fueron las principales claves para evaluar
la apariencia de la carne de cabrito. El iluminante D65 fue mas util para relacionar la
valoracion de los consumidores con el color instrumental utilizando el algoritmo de
aprendizaje automatico. Este algoritmo mostré que las reglas subyacentes a la
evaluacidén de los consumidores no son lineales y que pueden ser esquematizadas en un

algoritmo sencillo.

5.2. INTRODUCTION

Goats are regarded worldwide as an important species due to their contributions

to the development of rural areas and communities (Dubeuf et al., 2004). Spain has one
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of the largest goat populations in Europe, producing the 20 % of the goat milk and the
10.9 % of the kid meat in the European Union (MERCASA, 2016). In addition to this, the
sale of suckling kids makes up 20 % of the total income per goat on the dairy farm (Castel
et al., 2012), and 80 % of this kid meat originates from the suckling kid category (cabrito)
(MAPAMA, 2016b). These suckling kids have a live weight of 10-11 kg and a carcass
weight of 5-7 kg and are perceived by consumers to be a high-quality meat (Marichal et
al., 2003). In fact, 88 % of European Union goats are raised extensively and slaughtered
as kids, with carcass weights of between 5 kg and 11 kg (Shrestha y Fahmy, 2007). When
kid goats are reared with their dams, the availability of milk for cheese production is
decreased. Therefore, some goat farmers remove the kids from their dams at a very
young age and rear them with milk replacers. Milk replacers specifically formulated for
kids can result in good daily weight gain. However, some farmers are disinclined to use
milk replacers because that this type of rearing involves greater labor costs, although
total costs are equal or greater than natural suckling systems (Delgado-Pertiiiez et al.,

2009a; Delgado-Pertifiez et al., 2009b).

Meat color is an extremely important factor for influencing consumer purchase
decisions, as it is deemed a visual measure of freshness and quality (Faustman y Cassens,
1990) and plays a major role in the purchase decision (Mancini y Hunt, 2005; Bernués et
al., 2012). In Mediterranean countries, some people believe that light colored meat
lamb and goat comes from young animals. Spanish consumers in particular thinks that
meat from suckling kids and lambs had better sensory quality than older animals and
they are willing to pay higher prices (Sanudo et al., 1998). The meat color of young small
ruminants is influenced by factors in the management system (Alcalde y Negueruela,
2001) such as breed, age/weight at slaughter, pH and the use of milk replacers (Arglello
et al., 2005). In addition to the influence of milk replacer use on meat color, consumers’
visual appraisal of kid meat quality is affected by the conditioning associated with their
socio-demographic characteristics (Panea et al., 2010c). Accordingly, a fresh appearance
and light color in lamb were more highly valued by traditional consumers (Bernués et
al., 2012) and can determine purchase intention. However, in other species such as beef,
the influence of demographic factors on acceptability are less important (Holman et al.,

2017).
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In 1931, the Comite International de L’Eclairage (CIE) recommended the use of
illuminant C. However, in current times, this illuminant has seemed inadequate due to
a deficient spectral distribution in the ultraviolet region. The Illluminant A is frequently
used in North America (Tapp lll et al., 2011). AMSA (2012) recommended the use of the
illuminant A when the detection of redness differences between treatments is the
priority because illuminant A places more emphasis on the proportion of red
wavelengths; this results in higher a* values than with the use of D65 (Yancey y Kropf,
2008). However, kid meat has a low heminic pigment content, resulting in a pale meat
with a low redness index (Ripoll et al., 2011a). Consequently, it is unclear which
illuminant should receive preferential use to correctly relate the instrumental color of
the kid meat with the visual appraisal of consumers. In this article, we argue that
consumers perform their visual appraisal of meat by means of knowledge that can be
computationally schematized. This approach has been applied before to beef color,
demonstrating that the relationship between CIEL*a*b* color variables and the

perception of beef color by humans is not linear (Ripoll et al., 2012b).

The aim of this experiment was to study the shelf life of the meat of kids reared
with dam’s milk or milk replacers and to determine which muscles of the leg are more
important in the visual appraisal by consumers and which illuminant and instrumental

color variables are used by consumers as criterion to evaluate in their visual appraisal.

5.3. MATERIAL AND METHODS

Carcass sampling

Suckling male kids of the Cabra del Guadarrama breed reared with milk replacers
(MR) or natural milk from their dams (NM) were selected from two farms. Fifteen MR
kids and 16 NM kids were slaughtered following standard commercial procedures
according to the European norms for the protection of animals at the time of killing (E.U.,
2009). Kids had a liveweight of 8.6 + 0.27 kg and age of 40 - 45 d old (P>0.05). A head-
only electrical stunning (1.00 A) was applied to the kids, which were then were
exsanguinated and dressed with a hot carcass weight of 5.8 kg + 0.17 kg (P>0.05).
Carcasses were hung by the Achilles tendon and transported at 4°C to the facilities of

the CITA Research Institute at Zaragoza. Then, the carcasses were chilled for 24 h at 4°C
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in total darkness. The right hind leg was separated from the carcass, vacuum packed and

stored at -20°C until sampling.

Color measurement of the chops

The shelf life of meat of suckling lambs and kid’s goat are around a week (Alcalde
et al., 2017; Lobdn et al., 2017). Because the very small size of legs of kids, only four of
the leg chops were enough big to measure the color of the different muscles. Hence, the
31 frozen legs were sliced into four chops assigned to 8, 6, 3 and 1 days before the day
of the visual appraisal by consumers (day 0). On the assigned day, the chops were
thawed and placed in polystyrene trays covered with oxygen permeable film and then
stored for 24 h at 4°C in total darkness until the day of the visual appraisal. The
semimembranosus, semitendinosus and biceps femoris muscles of the leg were located
(Popesko, 1977; Jones et al., 2004), and their instrumental color measured. These
muscles were selected because they are the muscles that represent most of the area of
the chop. Color measurements were repeated two or three times depending on the
reading area of the muscle. The spectrophotometer was rotated 90° on the horizontal

plane, and the mean of these 2-3 readings was used for analysis (Warner et al., 2017).

Muscle colors were measured using a Minolta CM-2006d spectrophotometer
(Konica Minolta Holdings, Inc, Osaka, Japan) in CIEL*a*b* space (CIE, 1986) with the
specular component included, 0 % UV, an observer angle of 10° and zero and white
calibration. The integrating sphere had a 52 mm diameter, and the measurement area
(diameter of 8 mm) was covered with a CM-A149 dust cover (Konica Minolta Holdings,
Inc, Osaka, Japan). The illuminants used were D65, C and A. The lightness (L*), redness
(a*) and yellowness (b*) indexes were recorded using the software SpectraMagic NX

(Minolta Co. Ltd., Osaka, Japan), and the hue angle (ha) and chroma (C,,;) indexes were

calculated as hab=tan‘1(£)-57.29 and expressed in degrees as C;, =

\/(a x)2 + (b *)2.

When the color of every chop was measured, four MR and four NM chops from
each time of storage (1 d, 3 d, 6 d and 8 d), with values of L*, ha, and C, for the three
muscles representative of the 31 chops (Table 1), were selected for the visual appraisal

of the consumers. L*, hap and €, were chosen because these parameters are similar to
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the color perception of human beings (Ripoll, Panea, & Alberti, 2012; Wyszecki & Styles,
1982).

Evaluation of the appearance of the chops

On the day of the visual appraisal, the eight chops were identified with 3 digit
random numbers and randomly placed in a refrigerated island display case, Carrier
Multinor 1540/80, with a display area of 1 m? (1.3 m x 0.8 m) (Carrier Refrigeracion
Ibérica SA, Spain) at 0-2 °C. Samples were available from 8:00 am to 16:00 pm, and to
avoid the possible effects of the order of presentation, and first-order and carry-over
effects, the samples were moved randomly three times through the test day. The
lightning was provided by LED bulbs with a luminous flux of 816 lumen, a color
temperature of 4000 K, a color rendering index >80 and a standard deviation color
matching equal to 3 MacAdam ellipses (MacAdam, 1942). The illuminance on the
surface of the chops was approximately 1300 Ix, ensuring the minimum level of

illuminance in areas with high visual requirements (B.O.E., 1997).

The participation of naive consumers in the experiment was voluntary and
anonymous. Consumers were recruited among students and workers, without relation
with the current research, of Aula Dei Campus. Personal data as identification or
electronic mail were not required, and there was no financial compensation.
Participants were clearly informed of aim of the study and gave implicit consent for
research use of the supplied information according to European regulations (U.E., 2010).
Each consumer was provided with a form in which they were asked about their gender
and age. Regarding the chops, the consumers were asked to evaluate from 1 (very bad)
to 10 (very good) the color-based appearance of the chops. Additionally, they were
asked about their purchase intention (yes/no). The leg chops displayed on the island
case were evaluated by 56 respondents: 67.9 % female and 32.1 % male. Their ages were
equally distributed by sex (P>0.05): 5.7 % were younger than 24 years, 26.4 % were
between 26 and 40 years, 39.6 % were between 41 and 55 years, and 28.3 % were older

than 55 years. Participants took 10-20 min to complete the required tasks.
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Statistical analysis

Statistical analyses were performed with SAS 9.4 (SAS Institute Inc., EE.UU.)
(S.A.S., 2014). Instrumental color variables were analyzed using the GLM procedure with
the rearing system, the time of storage and the muscle as fixed effects. Visual appraisal
was analyzed using the GLM procedure, with the rearing system and the time of storage
as fixed effects. Least square means were estimated, and differences were tested at a
0.05 level of significance. The Pearson correlations between the visual appraisal and the
instrumental color of the three muscles with the two used standard illuminants were

calculated with the residuals of each observation.

The association between the rearing system and time of display for the purchase
intention was analyzed by a chi-square test. The meat shelf life according to the
consumer’s purchase intention was studied using the survival analysis of Kaplan-Meier
with the LIFETEST procedure. The log rank test was used to examine the differences
between the survival curves. The estimate of the shelf life was the median, that is, the
day on which 50 % of the consumers rejected the samples. A machine learning algorithm
Cubist 2.09 (Rulequest, 2016) was used to generate rule-based predictive models from
the color variables of the muscles studied. This algorithm uses the input data to generate
a decision tree with linear functions in all leaves. The relative error magnitude is the
ratio of the average error magnitude to the error magnitude that would result from
always predicting the mean value; for useful models, this should be less than 1. The
correlation coefficient measures the agreement between the cases' actual values for the

target attribute and those values predicted by the model (Rulequest, 2016).

5.4. RESULTS

The leg chops selected to be exposed in the display case were representative of
the other leg chops because they had similar L*, hs, and C;, values for each muscle
(P>0.005) (Table 22). The instrumental colors of the leg chops are shown in Table 23.
The rearing system had a significant effect on every color variable, except C,;, (P=0.056).
Accordingly, MR had greater L*, b* and hap but lower a* (P<0.05). Values of a* and Cp,,
decreased with the time of display (P<0.05), but the other variables did not change with
time (P>0.05). The three muscles differed in terms of a*, b* and Cj; (P<0.005). The
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muscles biceps femoris and semimembranosus had the same a* and b* values (P>0.05),
although semimembranosus and semitendinosus muscles had similar C;;, values

(P>0.05).

Table 22. Significance of the representability test for selected chops.

L* hab Cop
Population of chops (P)* 0.093 0.062 0.767
Muscle (M) 0.267 0.145 0.332
P*M 0.785 0.851 0.601

LPopulation of chops: selected chops vs. the whole population of chops. The test was performed

with the values measured with illuminant D65. hy;, = hue angle = tan™! (%) +57.29; C;p =

chroma = /(a *)? + (b *)?

Table 23. Instrumental color of leg chops from kids reared with milk replacer (MR) or
natural milk from their dams (NM).

L* a* b* hab Cop

Rearing system

MR 42.35 7.98 6.37 38.26 10.23

NM 39.65 9.36 5.48 30.02 10.94
s.e. 0.439 0.203 0.267 1.223 0.252
Time of storage

1d 40.27 9.882 6.68 34.34 12.04°

3d 40.98 8.85P 6.16 34.41 10.85°

6d 41.02 8.19°¢ 5.44 33.08 9.91b¢

8d 41.71 7.77°¢ 5.41° 34.73 9.54¢
s.e. 0.619 0.287 0.378 1.730 0.357
Muscle

biceps femoris 41.48 8.23° 5.29° 32.08 9.85°

semimembranosus 40.46 8.42° 5.40° 33.27 10.082

semitendinosus 41.06 9.372 7.07° 37.07 11.83?
s.e. 0.536 0.282 0.304 1.498 0.303
Significance®

Rearing system <0.001 <0.001 0.025 <0.001 0.056

Time of display 0.452 <0.001 0.069 0.911 0.001

Muscle 0.409 0.006 <0.001 0.063 <0.001

MR, milk replacer; NM, natural milk from dams; s.e., standard error. ' Interactions were not
significant (p > 0.05).  hg, = hue angle = tan™! (2) -57.29; (., = chroma =

V(a®)?+(b#)?
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The visual appraisal of leg chops throughout the time of display is shown in Figure
11. The effect of the rearing system and the effect of time of display were significant
(P<0.001), but the interaction was not (P=0.746). MR showed greater visual appraisal
than NM over all times of display, with the exception of 6 days (P>0.05). Leg chops from
both rearing systems decreased significantly in the visual appraisal from 1 d to 6 d. Visual
appraisal at 8 d was also lower than that at 3 d (P<0.05). The visual appraisal of MR was
always greater than 6, while the visual appraisal of NM was between 5 and 6 from the

6th day.

Figure 11. Visual appraisal of leg chops of kids from two rearing systems through 8
days of display.
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MR, milk replacer; NM, natural milk from dams. a, b, different letters indicate significant
differences among times of display within a rearing system. x, y, different letters indicate
significant differences among rearing systems.

The purchase intention of consumers at each time of display is shown in Figure
11. Visual appraisal of leg chops of kids from two rearing systems through 8 days of
display. The rearing system and time of display were independent effects (P=0.997). The
purchase intention was greater for MR than NM throughout the whole time of display.
Hence, more than the 50 % of consumers purchased the MR leg chops at any time of

display, while fewer than 50 % of consumers purchased NM leg chops at 6 and 8 d.
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Figure 12. Purchase intention for leg chops of kids from two rearing systems through
8 days of display.
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MR, milk replacer; NM, natural milk from dams. a, b, c, different letters indicate significant
differences among times of display within a rearing system. x, y, different letters indicate
significant differences among rearing systems.

The median shelf life of leg chops (Table 24) estimated according the purchase
intention was affected by the rearing system (P=0.005), but the sex and age of
consumers did not have an effect (P>0.1). The global shelf life of leg chops was 6 d £ 0.6.
However, the shelf life for MR was 8 d, while the shelf life for NM was 6.

Table 24. Shelf life of leg chops according to the purchase intention of consumers
estimated by survival analysis.

Strata Median, d s.e. Significance
Rearing system MR 8 1.0 0.005
NM 6 0.8
Sex Women 6 0.6 0.112
Men 6 0.9
Age, yr. <25 6 2.3 0.655
26-40 6 1.2
41-55 6 1.0
>55 6 1.2

MR, milk replacer; NM, natural milk from dams
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Table 25. Pearson correlations of the residuals of visual appraisal and instrumental

Muscle Semitendinosus Muscles average!
llluminant D65 C A D65 C A
Color variable  a* ub a* ub a* ub L* L* L*

Correlation(r) 0.17 0.21 0.16 0.21 0.19 0.19 -0.22 -0.22 -0.21
Significance 0.012 0.001 0.015 0.002 0.004 0.005 0.001 0.001 0.002

color for each muscle and illuminant.
! Correlations between the average L* of the three muscles. C;, = chroma =

(a *)? + (b *)2. Only significant correlations with P < 0.05 are shown. Biceps femoris and
semimembranosus color variables were not significantly correlated with visual appraisal and
these data are not shown in the table.

Table 26. Statistics for the tested machine learning models.

Global? D65 C A BF SM ST
Average error 1.2 1.2 1.2 13 13 12 1.2
Relative error 0.81 0.79 0.79 0.85 0.8 08 0.8
Correlation 0.52 0.55 0.55 0.49 04 05 05
Variables included in each model in the algorithm
L*(x*-D65) L*(x%) L*(x%) b*(ST) L* a* L*

b*(SM-D65) hab(X%)  hab(X?) b*(BF) a*  hg a*
hab(SM-D65) hab(SM)( hap(SM)  hab(BF b* ap b*

L*(ST-DGS) hab(ST) hab(ST) hab hab
a*(ST-D65) hab(BF)  hab(BF) o
hab(ST-A) C:p(ST)  Cp(ST)

a*(ST) a*(ST)

b*(ST) b*(ST)
! Data for the five color variables of the three muscles measured, with the three illuminants used
as inputs. 2 Data for the five color variables of the three muscles and the averaged color
measured, with each illuminant used as input. 3 Data for the five color variables of each muscle
measured with the D65 illuminant used as input. # (%), Average color variable for the three
muscles. BF, biceps femoris; SM, semimembranosus; ST, semitendinosus; hg, =

hue angle = tan™! (E) - 57.29; C;p, = chroma = /(a *)? + (b *)?

Table 25 shows the significant correlations among the residuals of the visual
appraisal with the color variables for each muscle and illuminant used. Significant
correlations were not found for the color of biceps femoris and semimembranosus with
any illuminant used for any color variable. Visual appraisal of leg chops did not correlate
with a* or Cy,;, of the semitendinosus when measured with any of the three illuminants.
Correlations using C and D65 provided similar correlations, but a* measured with

illuminant A correlated more closely than when measured with C and D65. Conversely,
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C,p When measured with illuminant A correlated less than when measured with C and
D65. When the three muscles were averaged, L* was negative and highly correlated with

visual appraisal, providing similar results to the three illuminants used.

The quality statistics of several models proposed by the machine learning
algorithm are shown in Table 26. In this table, the color variables included in each model
are also provided. The global model using the averaged color variables of the three
muscles was measured with the three illuminants and had a relative error of 0.81, as
well as a correlation between the real visual appraisal of consumers and the predicted
values of 0.52. The models that used the colors of all three muscles and their averaged
color variables when measured with D65 and C showed better statistical correlation. The
use of both illuminants also provided better results than the use of the same model with
illuminant A. Due to the good results found for illuminant D65, this illuminant was used
to develop separate models with each muscle. As a result, these three models showed
less consistent statistical results than the model that included the three muscles
averaged and measured with illuminant D65; however, the results were still more similar
than those which used illuminant A. Consequently, the best model was the model which
used the color measurements for the three muscles and their average color, measured
with the illuminant D65. The machine learning algorithm proposed two linear regression

equations depending on the averaged L*. That is:
-If L* (X) >40.77 then:
Visual appraisal = -11.2412.418- 125 (X)-4.185- A1 (BF)-4.13 25 (SM)-3.821- 15 (ST)-1.89-b* (ST)
+1.73:C, (ST) + 0.14-b* (ST)+0.14-a*(ST)
-If L* (X) <40.77 then:
Visual appraisal = -16.1+4.539- . (X)-1.679- h (BF)-1.428- hap (SM)-1.321- 5 (ST)-0.65-b* (ST)
+1.98-C};, (ST) — 0.21 - a*(ST),

where BF is biceps femoris, ST is semitendinosus, SM is semimembranosus and X

is the averaged value of the three muscles.
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Both equations use the averaged hq and the hgp of the three muscles, followed
by the a*, b* and C;, of the semitendinosus, which is the muscle with greater values of

these variables.

5.5. DISCUSSION

Meat from suckling kids with very light carcass weight (approximately 5 kg) is
characterized by high L* and low a* and b* values, resulting in a lighter, paler and duller
meat (Morales-De la Nuez et al., 2011; De Palo et al., 2015) compared with other meats
such as beef, even for suckling kids with heavier carcasses (Ozcan et al., 2014; Yakan et
al., 2016) and concentrate-fed kids (Emami et al., 2015). Changes in the color of kid meat
with increases in age/weight have been reported by other authors, especially the
increase in redness intensity (Berge et al., 2003; Ripoll et al., 2012a; Borgogno et al.,
2015a) and the decrease in lightness (Bonvillani et al., 2010; Ripoll et al., 2012a) and hue
angle (Marichal et al., 2003).

Diet strongly affects the meat color of preruminants such as suckling lambs and
kids (Joy et al., 2012b; Ozcan et al., 2014). The lightness of meat is influenced by pH and
protein structures (MacDougall, 1982) more than diet (Renerre, 1982). Hence, milk
replacer does not affect the L* of fresh kid meat, independent of the measured muscle
(Baon et al., 2006; Zurita-Herrera et al., 2013; De Palo et al.,, 2015). However,
frozen/thawed meat could show a different behavior due to the denaturalization of
sarcoplasmic proteins. In agreement with our results, De Palo et al. (2015) found that
the longissimus thoracis of kids fed with goat milk had lower b* and hg, than that of
those fed with milk replacer. Additionally, they also did not find differences in Cj;,. The
use of milk replacers affects the color of semimembranosus by decreasing b* (Zurita-
Herrera et al., 2013) compared with natural goat milk. However, the composition of the
goat milk is dependent on the management system of the goats (Raynal-Ljutovac et al.,

2008), and this influences the color of meat, especially a*.

Meat discoloration is produced during storage as deoxymyoglobin is converted
to metmyoglobin. Meat discoloration is important because this meat cannot be sold
easily (Liu et al., 1995). Therefore, increases in hss and decreases in Cj,;, have been used

as indicators of red meat discoloration (MacDougall, 1982; Alberti et al., 2005b; Lee et
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al., 2005; Ripoll et al., 2011b; Ripoll et al., 2012b; De Palo et al., 2015; Holman et al.,
2017). This is in agreement with the results of our study, which showed a decrease in a*
and C,,. However, Ozcan et al. (2014) studied the meat color of Gokceada suckling kids
raised extensively and concluded that while a* and b* seemed not to change from 1 d
to 5d, L* decreased slightly. Morales-De la Nuez et al. (2011) did not report changes in
L* and a* of meat from Majorera kids stored for 7 days; however, b* and hapincreased
while C,;, decreased. Changes in hay and Cj;, with storage time can be a result of the
oxidation of myoglobin to metmyoglobin and the loss of heminic pigments due to the

freeze/thaw process.

Some studies of diverse muscle colors for lamb (Tschirhart-Hoelscher et al.,
2006) and beef (Jones et al., 2004) reported greater differences in L* than in a* and b*
between the studied muscles. Regarding a* and b*, Torrescano et al. (2003) found
results similar to those in our study with frozen beef. However, these authors also found
differences between the three muscles in L*. M. biceps femoris could have lower Cj,
because it has more type llb (white) fibers, while semitendinosus and semimembranosus

have fiber types lla and llb (red) in almost the same proportions (Totland y Kryvi, 1991).

Consumers showed a clear preference for MR meat, demonstrating that kid meat
with greater L* and hgp is preferred (Saifiudo et al., 1998). In addition, the discoloration
of kid meat and the rejection of consumer are shown to relate to C,;, rather than hgs,
likely due to the paleness of this kind of meat. Other authors also reported the
importance of the relation between the visual appraisal of meat and ratios between a*
and b* instead of individual trichromatic coordinates (Lee et al., 2005; Morrissey et al.,
2008; Ripoll et al., 2012b). There is consistency between the existing correlations and
the rules proposed by the machine learning algorithm. A strong relationship between
visual color assessment and L* has been reported previously (Eikelenboom et al., 1992;
Denoyelle y Berny, 1999; Hulsegge et al., 2001). Consumers used L* as a principal cue to
evaluate the suckling kid meat, but as a threshold or boundary rather than as the source
for their complete evaluation. In addition to L*, consumers assessed the appearance of
whole chop rather than individual muscles and focused on hgs. has and Cj;, have been
reported, together with L*, as variables easily interpretable by human beings.

Conversely, b* is not intuitively related with the color of meat (MacDougall, 1982;
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Mancini et al., 2005; Ripoll et al., 2012b), and its use by evaluators is complex (O'Sullivan
et al., 2003). Khliji et al. (2010) used only L* and a* to score fresh lamb meat, but when
browning was studied, the 630/580 nm ratio was included in the ranking models.
Holman et al. (2017) found that a* provided the best prediction of consumer acceptance
of beef color, but the use of has and €, improved precision. It seems clear that a* is the
best cue to assess fresh meat. However, when browning or discoloration appears, the
best parameters to assess meat are those that consider a* and b* together, e.g., b*/a*
or a*/b* ratios, hap, C,;,, or reflectance ratios such as 630/580 nm. Regarding the
illuminants used, illuminant A focuses on red wavelengths and is recommended to relate
the visual assessment to instrumental color (AMSA, 2012). However, D65 was more
useful to find a relationship between the visual appraisals of the light and pale meat of
goat kids. Results for illuminant C were closer to D65 because the illuminants differed in

the ultraviolet region, which is not visible.

5.6. CONCLUSIONS

Meat from kids reared with milk replacers was more valuable and had a longer

shelf life than meat from kids reared with natural milk.

Consumers used the color of the whole surface of the leg chop, then the color of
semitendinosus, to assess the appearance of meat. Lightness and hue angle were the
primary cues used to evaluate the suckling kid meat. Both of these parameters were
more important cues than the redness index when fresh and discolored meats were
shown together. llluminant D65 was more useful in relating the visual appraisal to the

instrumental color using a machine learning algorithm.

The machine learning algorithms showed that the underlying rules used by
consumers to evaluate the appearance of suckling kid meat are not at all linear and can

be computationally schematized into a simple algorithm.
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6. WEB-BASED SURVEY OF CONSUMER PREFERENCES FOR THE
VISUAL APPEARANCE OF MEAT FROM SUCKLING KIDS

Este apartado ha dado lugar a la publicacién:

Ripoll G., Alcalde M.J., Argliello A., Panea B. 2019. Web-based survey of consumer
preferences for the visual appearance of meat from suckling kids. Italian Journal of

Animal Science, 18: 284-1293

6.1. RESUMEN

El objetivo de esta publicacidén fue investigar las preferencias del consumidor
respecto de la apariencia de la carne de cabrito lechal criados con leche de sus madres
o con lactoreemplazantes. El color de la carne fue el principal criterio utilizado para
elegir la carne preferida. La carne de cabritos de la raza Cabra del Guadarrama criada
con lactoreemplazantes fue preferida por el 72 % de los consumidores. Estos
consumidores prefirieron la carne con mayor luminosidad y tono. El sistema de lactancia
no modificé la preferencia durante el tiempo de exposicién. Las encuestas online
facilitaron una informacion similar a la recogida con encuestas presenciales utilizando
carne real en lugar de fotografias. El color de la carne aparece como una caracteristica
intrinseca recurrente a la hora de valorar la preferencia del consumidor. En general, los
consumidores prefirieron la carne de cabrito lechal criada con lactoreemplazantes

porque esta es luminosa, tiene un tono alto y poca saturacién de color.

6.2. INTRODUCTION

Consumer behavior is complex and is determined by psychological, marketing
and sensory factors, and visual appearance is one type of sensory factor (Font-i-Furnols
y Guerrero, 2014). The choice of meat at the point of purchase is determined by visual
appearance characteristics, such as color and marbling, because these intrinsic quality
cues are highly related to expectations of meat quality (Banovi¢ et al., 2012). From these
cues, the appearance of freshness and color has been reported to be the most important

(Bernués et al., 2012; Gracia y de Magistris, 2013; Ripoll et al., 2018b). Meat color is
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defined by the concentration and chemical state of the muscle pigment, which can be
measured using the hue angle (ha) and chroma (C;,) parameters of CIE L*a*b*
(Renerre, 1982). There are some studies relating CIE L*a*b* color to consumer
preferences, but most are focused on beef or heavy lambs (Khliji et al., 2010; Holman et
al., 2016). However, consumer color preferences are different when assessing red meat
and light meat and consequently use different color cues. Thus, consumers of heavy
lambs preferred the reddest meat (Khliji et al., 2010), while consumers of light lambs
preferred pale meat (Bernués et al., 2012; Ripoll et al., 2018b). In beef, a* provides the
best prediction of the consumer acceptance of color (Holman et al., 2016), while Cj}, is
an important indication of color (Ripoll et al., 2012b). Alberti et al. (2002) used an
artificial intelligence algorithm to find a function yield a score beef from 1 (light pink
meat) to 5 (dark red meat). The function found selected L* and hgy as the most
explanatory variables. Also, Liu et al., (1996) recommend the use of h,y because it is
precise and easily understandable. The relationship between consumers visual appraisal
and instrumental color remains unclear. However, in order to gain greater knowledge
on the subject, a study should be carried out with a greater variety of types of meat.
Hence, L* is the most important CIE L*a*b parameter used for the consumer judgement
of light suckling kid meat (Ripoll et al., 2018a); This meat is characterized by high L* and
has and low Cj;, (Morales-De la Nuez et al., 2011; De Palo et al., 2015).

Spain is a great producer of kid meat, and 80 % of this kid meat originates from
the light suckling kid category (MAPAMA, 2016b). Most of the suckling kids are raised
on milk farms oriented toward cheese production. When goats are suckling their kids,
the milk protein and fat quantity and quality decrease (Caravaca et al., 2004). As a result,
some goat farmers remove the kids from their dams at a very young age and rear them
with milk replacers. However, some farmers still rear kids with their dams because they
believe that the meat from suckled kids is more tender than the meat from kids reared
on artificial suckling systems (Argtiello et al., 2005). The proximate composition of milk
could modify kid meat color, and, consequently, this could affect the consumer
preference (Ripoll et al., 2018a). Some studies have shown that the leg chops of kids
reared with milk replacers were preferred by consumers because the meat was paler

and dull, with a greater hue angle and a lower redness and chroma (Ripoll et al., 2018a).
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Most of the studies examining consumer visual appraisal are carried out with real
product; nevertheless, this technique is expensive and time-consuming, and, because of
this, other techniques have been developed in recent years. Web-based surveys using
pictures have been demonstrated as a valid method to relate the instrumental color of
meat to consumer visual appraisal (Holman et al., 2016). At the same time, the lack of
representativeness of the studied population, which was the principal weakness of web
surveys, is quickly disappearing each year as more people around the world gain internet

access (Evans y Mathur, 2005; Evans y Mathur, 2018) .

Consequently, the aim of the current study was to study consumer preference
for the visual appearance of meat from suckling kids reared with milk replacers or

natural milk as well as to determine the choice criteria used during the process.

6.3. MATERIALS AND METHODS

Carcass sampling
All procedures were conducted according to the guidelines of Directive
2010/63/EU on the protection of animals used for experimental and other scientific

purposes (E.U., 2010).

Suckling male kids of the Cabra del Guadarrama, Majorera, Palmera and
Tinerfefa breeds reared with milk replacers (MR) or natural milk from their dams (NM)
were selected from two farms for each breed. Sixteen kids per breed were fed NM; and
15 kids were fed MR for Guadarrama and Palmera while, and 16 kids were fed MR for
Majorera and Tinerfefia. The kids were slaughtered following standard commercial
procedures according to the European norms for the protection of animals at the time
of killing (E.U., 2009). The kids had a liveweight of 8.2 + 0.1 kg and an age of 40 - 45 d
old. A head-only electrical stunning (1.00 A) was applied to the kids, and they were then
exsanguinated and dressed. The kids had an average hot carcass weight of 4.5 kg £ 0.1
kg. The carcasses were hung by the Achilles tendon and chilled for 24 h at 4 °C in total
darkness. The right hind leg was separated from the carcass, vacuum packed and stored

at -20°C until sampling.
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Instrumental color measurement of the chops

The shelf life of the meat of suckling lambs and kids is approximately one week
(Alcalde et al., 2017). Because of the very small size of the kid legs, only four of the leg
chops were sufficiently large enough to measure the color of the different muscles. With
these boundaries, we used a reversed storage design (Giménez et al., 2012). Hence, the
126 frozen legs were sliced into four 2-cm thick chops and assigned to 8, 6, 3 and 1 d
before taking a picture (d 0). On the assigned day, the chops were thawed and placed in
expanded polystyrene trays covered with retractile oxygen-permeable plastic film
(water vapor permeability: 10 g-m2-241", oxygen transmission rate: 200 cm3-m=2-241h,
CO; transmission rate: 650 cm3-m2-241 h) (LINPAC Packaging Limited, Featherstone,
UK). Then, the chops were stored for 24 h at 4 °Cin total darkness until the day of picture

capture.

Muscle colors were measured at 0 % UV with an observer angle of 10° and zero
and white calibration using a Minolta CM-2006d spectrophotometer (Konica Minolta
Holdings, Inc., Osaka, Japan) in CIE L*a*b* 1986 space with the specular component
included. The measurement area (diameter of 8 mm) was covered with a CM-A149 dust
cover (Konica Minolta Holdings, Inc., Osaka, Japan). The illuminant used was D65. The
lightness (L*), redness (a*) and yellowness (b*) indexes were recorded using the

software SpectraMagic NX (Minolta Co. Ltd., Osaka, Japan), and the hue angle

[hab = tan~! (E) -@] and chroma [Ca*b = \/(a x)2 + (b *)2] were calculated. The

ax s
color of the semimembranosus, semitendinosus and biceps femoris leg muscles were
measured because they represent most of the chop area. Color measurements were
repeated three times, and the spectrophotometer was rotated on the horizontal plane

before each measurement. The mean of the 3 readings was used for statistical analysis.

Capture of the images of the chops

Following each measurement, the chops were individually positioned in a
Cubelite Lastolite portable studio (Vitec Imaging Distribution UK, Leicestershire, UK)
above a black background. The studio was placed beneath two lightbulbs with 5
Cromalite bulbs (Cromalite S.L, Barcelona, Spain). Each lightbulb contained 28 W, 5.200

K and 1.600 Im, delivering 1.200 average Ix to the sample surface. An Olympus Pen E-
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PL1 12.3 Mpx camera with a M.Zuiko digital 14-42 mm 1:3.5-5.6 L lens (Olympus Imaging
Corp., Shinjuku-ku, Tokyo) was placed overhead the sample with a tripod. The camera's
exposure settings were manually adjusted to an ISO of 400, a lens aperture of F5.6 and
a shutter speed of 1:125. All images were downloaded in raw format, and no flash, filters
or other lenses were applied. Additionally, no other image editing or processing of

manipulation was applied other than the cropping of the image.

When the chop color was measured and all chops were photographed, an
assortment of pictures was selected for the surveys. The chops with L*, hay and Cg,,
values representative of their breed and rearing systems were selected for visual
appraisal by consumers. L*, hay and C,;, were chosen because these parameters are

similar to the color perception of human beings (Ripoll et al., 2012b).

Survey design and dissemination

Two surveys were designed for this study. The geographical scope of the surveys
was restricted to Spain, ruling out the responses of consumers from other countries.
This study was conducted using an online survey service (www.encuestafacil.com), and
the survey data were converted to an MS Excel sheet. The questionnaires were tested
by researchers who may or may not have been involved in the study and adapted until
the final version was approved. Moreover, a compromise had to be reached between

thoroughness, simplicity, and shortness.

The questionnaires were distributed using social media websites, university
mailing lists and survey mailing lists. A divulgation message was included that asked
receivers to further broadcast the web link to other persons in their respective electronic
mailing lists. For those receivers willing to participate in the survey, the survey welcome
page was immediately accessible after they clicked on the web link. The questionnaire
was anonymous to guarantee a higher level of participation and honesty. Personal data,
such as identification or electronic mail address, were not required, and there was no
financial compensation. Participants were clearly informed of the aim of the study and
gave implicit consent for the use of their supplied information in the research according
to European regulations (U.E., 2010). This study was conducted according to the

Declaration of Helsinki for studies on human subjects.
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The surveys comprised several sets of pictures of chops from different rearing
systems and times of display but of similar breeds, and the respondent had to choose
the picture with their preferred chop. The effects of the rearing system and time of
display were tested with the first survey (Survey RS+TD). This survey only used pictures
of Cabra del Guadarrama, and 8 sets of 4 pictures each were shown to respondents. The
time of display was compared in 4 sets of pictures, and the rearing system within each
time of display was compared in the other 4 sets of pictures. A second survey (Survey
RS) was conducted to study the effect of the rearing system involving the 4 breeds at 1
d of display. Therefore, 4 sets of 2 pictures were shown, and consumers were asked to
choose between the rearing systems within each breed. The chop shape and size were
balanced within and between the picture sets. Questionnaire and pictures are shown in
Apppendix A. Both surveys had a common sociodemographic section. The information
gathered in this section included gender (woman, man), age (less than 25 yr, between
26 yr and 40 yr, between 41 yr and 55 yr, and more than 55 yr), living environment,
“Have you ever tasted meat from light suckling kids?” (yes/no), and “If the response is
yes, do you like it?” (yes/no). A last question common for both surveys asked about the
choice criteria used to select the picture of the preferred chop. The options were a) meat

color, b) fat color, c) meat brightness, d) chop size and e) chop shape.

Statistical analysis

For both surveys, the x? test was used to analyze the frequencies of consumer
answers (gender, age, the criteria used to choose the pictures, the frequency of
consumers who had previously tasted meat from light suckling kids, and the frequency
of people who liked the meat from light suckling kids). Picture selection according the
rearing system, time of display and breed were also tested using the x*test, as were the
criterion used for picture selection according to breed. The level of significance was 0.05.
When one of the cells had a frequency of less than five, which makes the use of the x2
statistic unadvisable, the likelihood ratio statistic was used at the same probability level.
To interpret the patterns of association between the studied variables, the corrected

standardized residual between the observed and expected cases within each cell greater

than | 1.96| was considered.
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Instrumental color variables were analyzed with an analysis of variance with
rearing system, muscle and breed as fixed effects. The Duncan test was used to compare

means, and the level of significance was P < 0.05.

6.4. RESULTS

Sample characterization and the choice criteria used by consumers
The survey RS+TD, which investigated the effects of the rearing system and time
of display, was completed by 186 consumers, and the survey RS, which investigated the

effects of the rearing system, was completed by 399 consumers.

Figure 13. Choice criteria used by the respondents within each survey. Survey RS+TD
compared the rearing systems and time of display, and survey RS compared the
rearing systems.

Meat color ARNNRNUNNNMAMMAAMMAAMMAMMNAANAANAY. 69

Fat color w 12,
Chop shape W 11,

Meat brightness ﬁ 55

87

Survey RS+TD

Chop size i24
B Survey RS

0 10 20 30 40 50 60 70 80
Percentage of respondents

The distribution of frequencies of each survey was independent (x2= 23.5; P<0.001).The
observed frequencies with asterisks are significantly different (P<0.05) between surveys.

The gender distributions in the RS+TD and RS surveys were similar (x?> = 0.02;
P<0.9), with 59 % and 60 % women, respectively. Similarly, both surveys had the same
distribution of ages (x?>= 3.2; P = 0.3). There were 14 % and 19 % of people between 18
yr and 25 yr, 30 % and 29 % of people between 26 yr and 40 yr, 40 % and 34 % of people
between 41 yr and 55 yr and 17 % and 18 % of people older than 55 yr in the RS+TD and
RS surveys, respectively. Population of Spain were 51 % woman, and there were 10 % of

people between 18 yr and 25 yr, 27 % of people between 26 yr and 40 yr, 30 % of people
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between 41 yr and 55 yr and 25 % of people older than 55 yr (INE, 2016). Therefore,
younger people and older people were under- and over represented although both
intermediate segments were well represented. Eighty-eight percent of the respondents
had tasted meat from light suckling kids, and there was no difference in this number
between the surveys (x>= 1.26; P = 0.3). From these respondents, 94 % confirmed that

they liked this meat, also without differences between the surveys (x?=1.9; P = 0.2).

Figure 14. Percentage of the Cabra del Guadarrama chops preferred by consumers
according to the time of display (x2=208.4; P<0.0001) and rearing system (x2=144.6;
P<0.0001).
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NM, natural milk; MR, milk replacer. The observed frequencies with asterisks are significantly
different (P<0.05) from the expected frequencies.

The criteria used by the respondents to choose their preferred chops are shown
in Figure 13. The choice criteria were different for each survey (x?= 23.5; P< 0.001), but
meat color was the major criterion for both surveys. A significantly higher percentage of
respondents in survey RS (82 %) used meat color as a criterion than that in survey RS+TD
(60 %). However, more respondents of survey RS+TD used fat color (12 %) and chop
shape (11 %) as criterion than did the respondents of survey RS (6 % and 3 %,
respectively). Meat brightness and chop size were less frequently used and did not show
differences (P > 0.05) between the surveys, with 5 % and 3 % of respondents,
respectively. The choice criterion was not conditioned by gender, age or the living

environment of the consumer on both surveys (P > 0.2).
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Consumer preference and the instrumental color of the chops displayed for 8 d

The percentage of the chops preferred by the survey RS+TD respondents
according to the rearing system and time of display are shown in Figure 14. The
respondents similarly chose both rearing systems through the time of display (P > 0.05),
but the rearing system and the time of display affected the percentage of preferred

chops (P < 0.0001).

Table 27. Instrumental color of the leg chops from the Cabra del Guadarrama kids
reared with milk replacer (MR) or natural milk from their dams (NM). Pictures of these
leg chops were used on survey RS+TD (rearing system and time of display).

I.* a* b* hqb C:lb

Rearing system

MR 42.70 7.34 6.77 40.85 10.80
NM 39.54 9.98 5.84 29.74 11.60
s.e. 0.395 0.254 0.254 1.291 0.260
Time of display
1d 40.30° 9.91° 6.71° 34.31%*  12.14°
3d 40.96° 8.86% 6.11%° 34.39%*  10.95?
6d 41.12%° 8.17° 5.43b 32.99° 9.95°
8d 42.202 8.49° 6.902 39.35° 11.17°
s.e. 0.586 0.375 0.376 1.910 0.351
Muscle
biceps femoris 41.18 8.60 5.65P° 32.86Y 10.40Y
semimembranosus 40.59 8.74 5.94° 34.55Y 10.66Y
semitendinosus 41.59 9.23 7.32% 38.48* 11.92%
s.e. 0.472 0.301 0.302 1.537 0.310
Significance®
Rearing system <0.001 <0.001 0.006 <0.001 0.001
Time of display 0.041 0.025 0.018 0.019 0.009
Muscle 0.283 0.265 <0.001 0.023 0.001

s.e., standard error; L*, lightness; a*, redness; b*, yellowness; hgy, hue angle; Cj,chroma.
" Interactions were not significant (p > 0.05). Different superscripts (a, b) indicate significant
differences between times of display (P<0.05). Different superscripts (x, y) indicate significant

differences between muscles (P<0.05). h,), = tan™?! (E) 180 b = \/(a x)2 + (b *)?

a* Vi

The chops at 7 d of display were significantly less preferred (P < 0.05) than the
chops at other display times. The chops displayed for 3 d were the most preferred,
although this preference was not statistically relevant (P > 0.05). The chops from the

kids fed MR were preferred in 72 % of consumers, while 28 % preferred the chops from
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the kids fed NM (P < 0.0001). The rearing system preference was not affected (P > 0.4)
by age, gender, or the living environment of consumers at any time of display. The
instrumental color of the chops shown to the consumers in survey RS+TD is shown in
Table 27. There were no significant interactions between the studied effects (P>0.05)
for any variable. The rearing system affected all variables (P < 0.05). The meat from the
kids fed MR had a greater L*, b* hay and a lower a* and C,;,. Therefore, the difference
in color between MR and NM was AE;, = 4. The time of display also affected all color
variables (P < 0.05). Lightness increased slightly from 1 d to 8 d (P<0.05). Conversely,
redness decreased steadily over the time of display, with significant differences from 1
d to 8 d (P<0.05). Yellowness and hue angle showed similar patterns, with a slight
decrease from 1 d to 6 d (P>0.05) and an increase from 6 d to 8 d (P<0.05). The chroma
decreased from 3 d to 6 d (P < 0.05) and increased from 6 d to 8 d (P<0.05). The three
muscles had similar L* and a* (P > 0.05). The BF and SM muscles had similar b*, hg, and

C,p (P >0.05), while the ST muscle was different from both the BF and SM muscles (P <
0.05).

Consumer preference and the instrumental color of the chops from the 4 breeds

The percentage of the chops preferred by the survey RS respondents according
the rearing system and choice criteria are shown in Table 28. The total percentage of
the selection of NM was higher (52.3 %) than that of MR (x?>= 6.7; P = 0.009). However,
the preference for the rearing system was not the same for each breed (x*>= 84.1; P <
0.0001). As a result, consumers preferred the chops from the Cabra del Guadarrama fed
NM and the chops from the Palmera and Tinerfefia fed MR (P < 0.05). There was no
preference for the rearing system of Majorera (P > 0.05). The preference for the rearing
system was not affected (P > 0.5) by age, gender, or the living environment of consumers
at any time of display. However, the choice criteria also affected the percentage of
preferred chops. Therefore, the consumer preference, using meat color as a criterion,
was different according to the breed (x?=80.4; P<0.0001). Consumers also preferred the
chops from the Cabra del Guadarrama fed NM and the chops from the Palmera and
Tinerfefia fed MR (P < 0.05), but with different proportions than the total consumer
sample. However, when considering fat color (x?=13.0; P=0.005), consumers also

preferred the Palmera and Tinerfefia fed MR (P < 0.05) but preferred the Majorera fed
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NM (P < 0.05). Additionally, the consumers did not show a preference for any rearing
systems when choosing the chops of Cabra del Guadarrama (P > 0.05). Finally, when
considering meat brightness (x?> = 4.2; P = 0.2), chop shape (x*= 1.7; P = 0.6) and chop

size (x*= 1.1; P = 0.8), consumers did not prefer one rearing system more than another.

Table 28. Percentages of the preference for the rearing systems in the general sample
(x2=84.1; P<0.0001) and the consumers that used meat color (x2 = 80.4; P < 0.0001)
and fat color (x2 = 13.0; P=0.005) as decision criteria.

General sample Choice criteria

Meat color Fat color
Breed MR NM MR NM MR NM
Cabra del Guadarrama 29.3 70.7* 26.5 73.5%* 44.0 56.0
Majorera 48.1 51.9 48.5 51.5 32.0 68.0*
Palmera 60.4* 39.6 58.5* 415 80.0* 20.0
Tinerfeiia 52.9* 47.1 53.0%* 47.0 60.0* 40.0
Total 47.7 52.3 46.6 53.4 540 46.0

Cells with an asterisk have percentages higher from the expected (P < 0.05). MR, milk replacer;
NM, Natural milk

The instrumental color at 1 d of display of the chops shown to the consumers in
survey RS is shown in Table 29. There were no significant interactions between the
studied effects (P>0.05) for any variable. The rearing system affected all variables (P <
0.05) except b* (P = 0.4). The meat from the kids fed MR had a greater L*, b*, ha, and a
lower a* and C,;,. Therefore, the difference in the color between MR and NM was AE,
= 2.4. In general, these results are consistent with those of survey RS+TD. The breed
affected all variables (P< 0.05). Cabra del Guadarrama was clearly different compared
with the other breeds because they had a lower L, b* and hqs, and a higher aand C,;, (P
< 0.05). Majorera, Tinerfeiia and Palmera had similar b* and hgp (P > 0.05). Majorera and
Palmera had different L*, a* and C;;, (P < 0.05), while Tinerfefia had intermediate values
among the breeds (P > 0.05). There were differences in L*, b* and C,;, (P <0.05) between
the muscles. As in the results noted when chops were shown to consumers in survey
RS+TD, the differences between the SM and BF muscles were higher than the
differences between the BF and SM. Hence, ST had a higher L*, a* and C,,;, (P < 0.05)
than SM, while BF had intermediate values of Cj,;, (P > 0.05) and similar values of L* and

b* to SM (P > 0.05).
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Table 29. Instrumental color of the leg chops from the kids of the 4 breeds reared with
milk replacer (MR) or natural milk from their dams (NM) at 1 d of display. Pictures of
these leg chops were used on survey RS (rearing system).

L* a* b* hap Cup

Rearing system

MR 45.48 6.03 8.22 54.89 10.45

NM 43.59 7.54 8.00 47.44 11.32

s.e. 0.462 0.337 0.225 1.770 0.240
Breed

Cabra del Guadarrama 40.27°¢ 9.882 6.68° 34.34°  12.04°

Majorera 45.07° 6.53° 8.742 53.52° 11.02°

Palmera 46.872 4.95¢ 8.312 59.98? 9.87°¢

Tinerfeiia 45.,93% 5.78"¢ 8.60° 56.82° 10.59°¢

s.e. 0.618 0.466 0.307 2.494 1.563
Muscle

biceps femoris 44.15Y 7.05 8.09Y 50.04 11.01%

semimembranosus 43.53Y 6.77 7.17% 48.23 10.24Y

semitendinosus 45.92% 6.54 9.01% 55.22 11.41%

s.e. 0.350 0.397 0.174 2.122 0.288
Significance®
Rearing system 0.003 0.002 0.40 0.04 0.014
Breed <0.001 <0.001 <0.001 <0.001 <0.001
Muscle 0.006 0.664 <0.001 0.06 0.017

s.e., standard error; L*, lightness; a*, redness; b*, yellowness; h,j,, hue angle; C;;,,chroma.
" Interactions were not significant (p > 0.05).

6.5. DISCUSSION

There is a well-founded consensus in the literature that the principal criterion
used in meat choice is color due to its relationship with freshness (Kubbergd et al., 2002;
Bernués et al., 2012; Gracia y de Magistris, 2013; Ripoll et al., 2018b). However, visible
fat content is also a main cue used to assess meat quality (Kubbergd et al., 2002; Banovié
et al., 2016). Nevertheless, meat from light suckling kids has no apparent fat.
Consequently, in both surveys, color was the most important cue. Meat from light
suckling kids has high L* and low a* and b* values. Therefore, this meat is lighter, paler
and duller (Morales-De la Nuez et al., 2011; De Palo et al., 2015) than the meat of heavy
suckling kids (Ozcan et al., 2014; Yakan et al., 2016) and of concentrate-fed kids (Emami

et al., 2015). Because of this paleness, it could be expected that “meat brightness” was
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used as a criterion by more consumers, as L* (lightness) has been reported as the main
color variable used by consumers to assess suckling kid meat (Ripoll et al., 2018a). In
addition to L*, consumers assessed the appearance of the whole chop rather than the
individual muscles and focused on hg (Ripoll et al., 2018a). The relationship between
the visual appraisal of meat color and L* has been reported previously (Eikelenboom et
al., 1992; Denoyelle y Berny, 1999; Hulsegge et al., 2001). In contrast, b* is not naturally
associated with meat color (Mancini et al., 2005; Ripoll et al., 2012b), and its use by
human beings is unclear (O'Sullivan et al., 2003). Khliji et al. (2010) only used L* and a*
to score lamb meat. Holman et al. (2017) reported a* as the best predictor of consumer

acceptance of beef, but has and Cj,;, increased the prediction precision.

The results of survey RS+TD showed a clear preference of consumers for MR
meat, demonstrating that the kid meat with greater L* and hab and low C;, is preferred.
However, survey RS was not so clear because the difference in color (A;) between the
rearing systems was considerably higher for survey RS+TD (A7, = 4.0) than that for
survey RS (A7, = 2.4). This latter color difference is close to the concept of the ‘just
noticeable difference’ between two stimuli reported by some authors (Stokes et al.,
1992; ISO, 2004). However, defining a visually detectable threshold is difficult because
it depends largely on where the two compared colors are located in the color space (Lee,
2005). Abril et al. (2001) reported that Ay, for beef greater than 0.9 were visually
detectible. However, theoretically, when Ay, is below 2.2, the stimuli are not
discriminable different from each other (Stokes et al., 1992). Other authors reported
that Ay, below 1 is imperceptible and differences between 1 and 4 may or may not be
perceptible (Ebner, 2007). Also is important the physical and temporal distance between
the stimuli (Wyszecki y Stiles, 1982). In fact, Babiker et al. (1990) reported that goat and
lamb meat with Ay, = 1.97 was not detected by consumers when not are showed
together. Carrasco et al. (2009) reported that trained evaluators were not able to
differentiate fat colors with A, = 5.2 because colour stimuli were not evaluated next to
each other. In addition, the rearing systems compared on survey RS had values of L*
above 40.77, which has been reported as the first threshold to assess suckling kid meat
(Ripoll et al., 2018a). Therefore, according to these latter authors, both rearing systems

would achieve similar visual appraisal. Diet strongly affects the meat color of
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preruminants, such as suckling lambs and kids (Joy et al., 2012b; Ozcan et al., 2014).
Meat lightness is influenced by pH and protein structures (MacDougall, 1982) more than
diet (Renerre, 1982). Hence, some authors reported that milk replacers do not affect the
L* of fresh kid meat, independent of the measured muscle (Bafién et al., 2006; Zurita-
Herrera et al., 2013; De Palo et al., 2015). However, in agreement with Ripoll et al.
(2018a), frozen/thawed meat could show a different behavior due to the
denaturalization of sarcoplasmic proteins. In agreement with our results, De Palo et al.
(2015) found that the meat of kids fed with natural milk had lower b* and hg than that
of those fed with milk replacers. Additionally, the authors also did not find differences
in C,;,. Compared with the use of natural goat milk, the use of milk replacers affects the
color of the semimembranosus muscle by decreasing b* (Zurita-Herrera et al., 2013).
However, the composition of goat milk is dependent on the feeding/management
system of the goats (Raynal-Ljutovac et al., 2008), and this influences the color of meat,
especially a*. Some authors explained that the meat from kids reared with natural milk
has lower a* and greater hqss because natural goat milk of is poor in Fe (Safiudo et al.,
2012). However, a higher level of Fe was found in the kids fed with milk replacer (Wittek,
2002). In contrast with the Fe insufficiency, Bafidn et al. (2006) and Arglello et al. (2005)
reported that the meat from kids reared with MR had greater hg and the same L* as
those reared with NM, but the results disagree concerning C,,;,. Zurita-Herrera et al.
(2013) reported the same L*, a* and b* in both rearing systems. To our current
knowledge, there are no studies in the literature examining the visual appraisal or
purchase intentions of kid meat through times of display. However, some authors have
reported that consumers significantly reject the meat of light (Panea et al., 2005; Joy et
al., 2012b) or heavy lambs after 5 d (Kennedy et al., 2004). Meat discoloration is
important because discolored meat cannot be easily sold (Liu et al., 1995). Meat
discoloration is produced during storage as deoxymyoglobin is converted to
metmyoglobin. A stronger relationship between visual assessment and ha, C,;, and the
a* to b* ratio has been reported, rather than with the standalone trichromatic
coordinates (Lee et al., 2005; Morrissey et al., 2008; Ripoll et al., 2012b). Therefore,
increases in hg and decreases in C,;, have been used as indicators of red meat
discoloration (MacDougall, 1982; Alberti et al., 2005b; Lee et al., 2005; Ripoll et al.,
2011b; Ripoll et al., 2012b; De Palo et al., 2015; Holman et al., 2017). The browning of
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beef has been related to the decrease of chroma (Renerre y Mazuel, 1985). This finding
is in agreement with the results of our study, as the discoloration of the kid meat and
the rejection from consumers were related to a decrease of Cj;, rather than ha, due to
the paleness of this type of meat. However, Ozcan et al. (2014) studied the meat color
of Gokceada suckling kids and concluded that while a* and b* seemed to not change
from 1d to 5 d, L* decreased slightly. (Morales-De la Nuez et al. (2011)) did not report
changesin L* and a* of the meat from Majorera kids stored for 7 d; however, b* and hap
increased while C,;, decreased. The changes in ha and C,;, observed with storage time
can be a result of myoglobin oxidation to metmyoglobin and the loss of heminic

pigments due to the freeze/thaw process.

6.6. CONCLUSIONS

The just noticeable difference in the consumer color detection was similar when
the consumer assessed pictures of meat instead of actual meat samples. Consequently,
web-based surveys provided similar information compared with surveys using actual
product instead of pictures. Meat color appears as a recurring cue to assess consumer
preference, and this cue is used consistently across the sociodemographic
characteristics of the consumer. However, a minority of consumers choose other kinds
of meat because they use other cues, such as fat color and chop shape/size. In general,
consumers preferred the meat of light suckling kids reared on milk replacers because
this meat has an increased lightness, hue angle and low chroma. However, when the
meat of both rearing systems has lightness levels above 40.77 and small differences in
color, the consumer preference for a rearing system is dependent on the breed. Finally,
the relationship between instrumental color of meat and consumer visual appraisal
remains unclear, especially in suckling light goat kids because the literature focused on

this topic is scarce.
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S1. Questionnaire of survey RS.

. Gender:
- Woman
- Man
. Age:

- less than 25 yr

- between 26 yr and 40 yr
- between 41 yr and 55 yr
- More than 55 yr

o Living environment: Name of city or town
o Have you ever tasted meat from light suckling kids?

- Yes
- No

o If the response is yes, do you like it?

- Yes

- No

What chop do you prefer? What chop do you prefer?

e What criteria did you used to select the picture of the preferred chop: meat color, b) fat
color, ¢) meat brightness, d) chop size and e) chop shape
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S2. Questionnaire of survey RS+TD

e Gender:
- Woman
- Man
e Age:
- less than 25 yr

between 26 yr and 40 yr
between 41 yr and 55 yr
More than 55 yr
e Living environment: Name of city or town
e Have you ever tasted meat from light suckling kids?
- Yes
- No
e If the response is yes, do you like it?
- Yes
- No

What chop do you prefer?
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What chop do you prefer?

e What criteria did you used to select the picture of the preferred chop: meat color, b) fat
color, ¢) meat brightness, d) chop size and e) chop shape.
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1.COMPOSICION PROXIMAL Y ACIDOS GRASOS DEL CALOSTRO Y LA
LECHE

La composicion quimica de la leche cambia en los primeros dias de lactacion de
manera que el calostro de cabra tiene mds proteina y grasa, y menos lactosa que la leche
de cabra (Linzell y Peaker, 1974; Sanchez-Macias et al., 2010; Sanchez-Macias et al.,
2014; Pecka-Kietb et al., 2018). De acuerdo con este hecho, en la presente tesis se
muestra cdmo los porcentajes de proteina y grasa disminuyeron y el de lactosa se
incrementd desde el inicio de la lactacién hasta el dia 10 de lactacién. Sin embargo, una
vez ha finalizado la producciéon de calostro, la composicion de la leche es casi constante
en el tiempo porque la glandula mamaria ha desarrollado evolutivamente una gran
tolerancia a factores externos, como puede ser la dieta (Bobe et al., 2007; Almeida et
al., 2019), para preservar sus funciones y asegurar la supervivencia de los rumiantes
recién nacidos (Hernandez-Castellano et al., 2015). Esta resiliencia es, ademas,
extensible a la composiciéon de acidos grasos (Palma et al., 2017). Los resultados
obtenidos de la composicién del calostro estdan de acuerdo con otros autores que
encontraron en Majorera valores de proteina entre 7-10 %, grasa entre 8-9% y lactosa
entre 2-4 % (Argliello et al., 2006; Moreno-Indias et al., 2012b). Resultados similares se
han encontrado en Murciano-Granadina en proteina, grasa y lactosa (6,2 %, 7,4 % y 4,1
%, respectivamente) (Romero et al., 2013). Sin embargo, valores mds bajos de proteina
y grasa fueron descritos en calostro de Tinerfefia (Capote et al., 2008). Respecto a la
composicién quimica de la leche hemos encontrado porcentajes mas altos de proteina
y grasa, pero mas bajos de lactosa que la leche de Majorera y Payoya a tiempos de
lactacion comparables (Delgado-Pertifiez et al., 2009a; Sanchez-Macias et al., 2010;
Sanchez-Macias et al., 2014); y valores similares de grasa y proteina, pero menores de
lactosa que en la raza Sarda (Nudda et al., 2015). En promedio, la leche de los animales
de esta tesis tuvo un mayor contenido en grasa y proteina que los encontrados por otros
autores (Rota et al., 1993; Delgado-Pertiiiez et al., 2009b; Zervas y Tsiplakou, 2011;
Sanchez-Macias et al., 2014; Torres et al., 2014; Hernandez-Castellano et al., 2016; Kusza
et al., 2018). Sin embargo, la leche tuvo valores de lactosa similares (Zervas y Tsiplakou,

2011; Hernandez-Castellano et al., 2016; Kusza et al., 2018) o menores que los
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encontrados por otros autores (Delgado-Pertifiez et al., 2009b; Torres et al., 2014;
Margatho et al., 2018). Tanto la proteina como la grasa estan relacionadas con la energia
de la dieta, aunque de maneras opuestas. La subnutricién, que generalmente solo
ocurre en pastoreo, resulta en una disminucién de la proteina y un incremento de la
grasa debido a la movilizaciéon de la grasa corporal de la madre (Zervas y Tsiplakou,
2011). Sin embargo, el alto porcentaje en proteina en nuestros resultados demuestra

que las cabras tuvieron un nivel energético de alimentacion adecuado.

Existe poca bibliografia que compare la composicién en acidos grasos del calostro
y de la leche de cabra. Lou et al. (2018) encontraron valores mas altos de acidos grasos
saturados y mas bajos de acidos grasos monoinsaturados en leche de cabra de raza
Laoshan que en calostro, de acuerdo con nuestros resultados. También estos autores
(Lou et al., 2018) encontraron un rango de acidos grasos saturados del 70 % al 80 %, de
acuerdo con nuestros resultados, mientras que Marziali et al. (2018) encontraron que el
calostro de Murciano-Granadina tenia entre un 48 % y un 58 % de acidos grasos
saturados. Por otra parte, el menor porcentaje de acidos grasos monoinsaturados de la
leche comparada con el calostro, se debid principalmente al menor porcentaje de dcidos
grasos monoinsaturados del grupo cis en la leche, siendo el cambio menos importante
en el grupo trans. De igual manera, aunque el total de acidos grasos poliinsaturados fue
menor en la leche que en el calostro debido a la disminucion de acidos grasos n-6, los
acidos grasos n-3 solo disminuyeron en la leche en las razas Cabra del Guadarrama vy
Tinerfefia. Asi, las proporciones relativas de diferentes grupos de acidos grasos y el tipo
de estos acidos grasos difieren entre el calostro y la leche. Esto puede tener un reflejo
en la composicidn quimica de la carne de los cabritos lechales. La leche de rumiantes es
la mayor fuente de acido linolénico conjugado (Almeida et al., 2019), y el C18:1c9 es uno
de los acidos grasos mas abundantes tanto en leche como en calostro, de acuerdo con
Marziali et al. (2018). Como encontraron otros autores (LeDoux et al., 2002; Andueza et
al., 2013), el 4cido graso C18:1, tanto cis como trans, es frecuentemente encontrado en
la leche de cabra, con una preeminente frecuencia del C18:1 t11. Sin embargo, desde
un punto de vista sensorial, los dcidos grasos C8:0, C10:0 y el 4-metiloctanoico son los
mas que mas influyen en el flavor de la leche, y de forma mas pronunciada en la de cabra

que en la de vaca u oveja (Ha y Lindsay, 1993; Lou et al., 2018). La ramificacién con un
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Unico grupo metil en acidos grasos de cadena corta (C4-C6) solo se ha encontrado en
leche de cabra y esta implicada en el aporte de flavores a “cabra” (Haenlein, 2004).
Respecto a los 4cidos grasos ramificados, LeDoux et al. (2002) encontraron un 2 % en
leche de cabra y un 3 % en leche de vaca. Estos valores son mucho mas altos que los
encontrados en esta tesis. La presencia de acidos grasos ramificados en la leche se
explica por la incorporacidn de lipidos producidos por las bacterias del rumen, mientras
que la sintesis enddgena es muy limitada (Vlaeminck et al., 2006). Esta diferencia de
resultados puede derivar de factores como la dieta usada y merece mas atencion en un
futuro. En la bibliografia podemos ver que algunos acidos grasos han sido ampliamente
estudiados por distintas razones. Por ejemplo, los acidos linoleico y alfa linolénico son
los Unicos acidos grasos esenciales (Albenzio et al., 2016), y algunos acidos grasos de
cadena larga como el dacido docosahexanoico, el acido eicosapentanoico y el
araquiddnico son precursores de moléculas bioactivas como prostaglandinas,
tromboxanos, leucotrienos y otros (Calder, 2011). Ademds de todos estos, como
apuntaron Vlaeminck et al. (2006), el acido linolénico conjugado es un componente
menos importante en cantidad que los acidos grasos ramificados, aunque ambos tienen
similar potencial anticancerigeno. Aunque la leche y los productos lacteos son muy ricos
en dacidos grasos saturados, se ha visto que su efecto sobre la salud cardiovascular
humana es neutro o incluso positivo (Lordan et al., 2018). Quiza los acidos grasos
ramificados estén desarrollando un papel importante en la salud humana y deberia ser

investigado en mayor profundidad.

2.CALIDAD INSTRUMENTAL DE LA CARNE

2.1. COMPOSICION QUIMICA Y TEXTURA

La composicién quimica de la carne de cabrito lechal, especialmente la grasa
intramuscular, estuvo influida principalmente por la raza, aunque el sistema de lactacién
también tuvo efecto. Zurita-Herrera et al. (2013) y Argliello et al. (2005) no encontraron
diferencias en la composicidon quimica del musculo longissimus thoracis et lumborum de
cabritos alimentados con leche de sus madres o con lactoreemplazantes, en

concordancia con los resultados de esta tesis. Se confirma también que la muy baja
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cantidad de grasa intramuscular es caracteristica del cabrito lechal (Ripoll et al., 20123;
Vacca et al., 2014), siendo habitual en el ganado caprino que los depdsitos de grasa
visceral aumenten antes que la grasa intramuscular (Banskalieva et al., 2000). Sin
embargo, la excepcién fue la Cabra del Guadarrama, que tuvo un porcentaje de grasa

intramuscular mayor del 4 %.

No se han podido encontrar en la bibliografia estudios de andlisis de perfil de
textura en carne de cabrito lechal, ni cruda ni cocinada. Tampoco se han encontrado
estudios de analisis de perfil de textura en cordero lechal sacrificado a pesos
comparables. Choi et al. (2018) encontré que la carne de cordero australiano tuvo mayor
dureza y adhesividad, similar elasticidad y masticabilidad y menor cohesividad que la
carne de cabrito lechal. Comparando otros tipos de carne con la de cabrito lechal, la
pechuga de pollo presenta mayor dureza, menor masticabilidad y elasticidad, y similar
cohesividad vy resiliencia que la de cabrito lechal (Rabeler y Feyissa, 2018; Khan et al.,
2019). De forma similar, Romero de Avila et al. (2014) describié que el jamén cocido
tuvo mayor dureza y menor adhesividad, cohesividad y elasticidad que la carne de
cabrito lechal. Cuando Wee et al. (2018) estudiaron el perfil de textura de 59 tipos
distintos de alimentos encontraron correlaciones significativas entre la composicién
quimica y las propiedades reoldgicas de los mismos. Estos autores encontraron que a
mayor porcentaje de gliucidos la dureza disminuye. La adhesividad fue el pardmetro que
mas influido estuvo por la composiciéon quimica, de tal manera que la humedad
aumentaba la adhesividad y mas proteina y grasa la disminuian. Respecto al efecto del
cocinado, Ruiz de Huidobro et al. (2005) encontrd que la dureza, la masticabilidad y la
elasticidad de la carne bovina se aumentaba con el cocinado, en desacuerdo con los
resultados de esta tesis. Sin embargo, como el andlisis de perfil de textura no esta
perfectamente estandarizado como método, las variaciones en los pardmetros de
configuracién de los texturometros, como la ratio de compresién y la velocidad, y las
dimensiones de las muestras dificultan la comparacidon de resultados (Novakovi¢ y
Tomasevi¢, 2017). Un ejemplo de esta falta de estandarizacidon es que, mientras que en
el método de Warner-Bratzler y en el de compresién siempre o casi siempre se indica la
direccidn de las fibras del musculo en relacién a la cizalla o a la compresidn, en el TPA

esta informacion no se suele aportar.
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Si la informacidén sobre el andlisis de perfil de textura de carne de cabrito lechal
es escasa, hay mas estudios sobre carne de cabrito y cordero lechal utilizando la célula
de Warner-Bratzler. En general, la bibliografia encontrada que compara los dos tipos de
sistemas de lactancia lo hace en una sola raza, por lo que las conclusiones sobre la
influencia del uso de lactoreemplazantes en la calidad de la carne no se pueden
extrapolar a la carne de cabrito lechal en general. Asi, se encuentra que la dureza de la
carne no esta influida por el sistema de lactancia cuando el cordero o el cabrito lechal
son sacrificados a muy bajo peso (Argiello et al., 2005; Osorio et al., 2008), debido a que
el contenido en coldgeno y su solubilidad estdn mas influidos por la edad (Lawrie, 1998)
que por el sistema de lactancia (Arglello et al., 2005; Baiidn et al., 2006; Zurita-Herrera
et al., 2013). Sin embargo, en los resultados de esta tesis hemos encontrado que la
dureza de la carne de razas como la Payoya y la Retinta, se ven influidas por el sistema
de lactancia de forma diferente. La carne de cabritos de raza Payoya alimentados con
leche natural fue mas dura que la de los cabritos alimentados con lactoreemplazantes,
mientras que en la raza Retinta sucedid lo contrario. Desafortunadamente, no se han
encontrado trabajos centrados en estas razas que pudieran aportar mas informacién.
Zurita-Herrera et al. (2013) encontraron valores de dureza Warner-Bratzler a 1 dia post-
mortem mas bajos en la carne de cabritos de Murciano-Granadina alimentados con
lactoreemplazantes que en los animales de lactancia natural. La carne de cabritos y
caprettos sacrificados a muy bajo peso tiene valores de dureza, con una maduracion de
1 0 2 dias, de 30 N aproximadamente (Dhanda et al., 2003b; Zurita-Herrera et al., 2013;
De Palo et al., 2015), de acuerdo con nuestros resultados. Otros autores (Alcalde et al.,
2017; Rotondi et al., 2018; Yalcintan et al., 2018a; Yalcintan et al., 2018b) han
encontrado valores superiores a 30 N en carne de cabrito madurada entre 1y 3 dias. Sin
embargo, estos valores siguen siendo mas bajos que los de otro tipo de carnes, como el
vacuno (Babiker et al., 1990; Ripoll et al., 2013; Calvo et al., 2014) (Huffman et al., 1996;
Miller et al., 2001). Shackelford et al. (1991) encontraron que la carne de vacuno con
valores de dureza Warner-Bratzler mayores de 51 N es considerada como dura por los
consumidores. Sin embargo, Miller et al. (2001) describen que la transicién entre carne
dura y tierna ocurre entre los 42 N y 48 N. En esta tesis, la carne cocinada fue
ligeramente mas tierna que la carne cruda, ya que el cocinado hace que el tejido

conectivo sea mas tierno, pero endurece las miofibrillas. Estd bien estudiado que la
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dureza de la carne depende de la temperatura y el tiempo de cocinado (Lawrie, 1998).
Machlik y Draudt (1963) estudiaron la influencia del tiempo y temperatura de cocinado
en cilindros muy pequefios de carne. Estos autores concluyeron que calentar
rapidamente la carne a 71 °C disminuia la dureza durante los primeros 9 minutos de
cocinado, para después incrementarse. Como las muestras de cabrito lechal fueron muy
pequeiias, y las muestras llegaron a la temperatura final muy rapido, la dureza
disminuyé debido a la rotura de los enlaces peptidicos y de los enlaces entrecruzados

maduros (Lawrie, 1998).

2.2. COLOR INSTRUMENTAL

La carne de cabritos lechales muy ligeros, con canales de unos 5 kg, tiene valores
altos de L* y bajos de a* y b*, resultando en una carne mas luminosa, palida y de color
menos vivo (Morales-De la Nuez et al., 2011; Ripoll et al., 2011a; De Palo et al., 2015;
Ripoll et al., 2018a) que la de otros animales de abasto como, p. €j., la de ternera. Esta
carne es mas pdlida también que la de cabritos lechales con canales mds pesadas (Ozcan
et al., 2014; Yakan et al., 2016) o que la carne de cabritos alimentados con pienso
(Emami et al., 2015). Con el incremento de la edad y peso, el color de la carne de cabrito
cambia, especialmente aumenta la intensidad de rojo (Berge et al., 2003; Ripoll et al.,
2012a; Borgogno et al., 2015a) y disminuyen la luminosidad (Bonvillani et al., 2010;
Ripoll et al., 2012a) y el tono (Marichal et al., 2003). Segun algunos autores, la carne
caprina es mas luminosa y menos amarilla que la ovina (Casey y Webb, 2010). Sin
embargo, cuando comparamos animales lechales, la carne de cabrito también es mas

luminosa, pero tiene mayor b* y menor a* que la de cordero lechal (Lobdn et al., 2017).

El color de la carne de pre-rumiantes, como los cabritos o corderos lechales, esta
afectada intensamente por el sistema de alimentacién (Joy et al., 2012b; Ozcan et al.,
2014). Sin embargo, y al igual que sucede con los estudios sobre textura de la carne de
cabrito lechal, la bibliografia revisada suele comparar los dos sistemas de lactancia en
una Unica raza. Como consecuencia, los resultados de la bibliografia son a menudo
contradictorios porque las diferentes razas responden de manera diferente a la
alimentaciéon con lactoreemplazantes. De Palo et al. (2015) encontraron que el

longissimus thoracis de cabritos alimentados con leche natural tuvo valores menor b* y
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haep que la carne de cabritos alimentados con lactoreemplazantes, y no encontraron
diferencias en C;,. Sin embargo, Zurita-Herrera et al. (2013) describieron que el uso de
lactoreemplazantes disminuyd el valor de b* del musculo semimembranosus, y otros
estudios muestran que los lactoreemplazantes no afectan a la L* de carne fresca de
cabrito, independientemente del musculo medido (Bafidn et al., 2006; Zurita-Herrera et
al., 2013; De Palo et al., 2015). Sin embargo, como ya se dijo anteriormente, la
composicidn de la leche es dependiente del sistema de manejo de la cabra (Raynal-
Ljutovac et al., 2008), lo que influye en el color de la carne y, especialmente en el indice
de rojo. Algunos autores explican que la carne de cabritos alimentados con leche natural
tiene menor a* y mayor hg porque la leche de cabra es deficitaria en hierro (Safiudo et
al., 2012). Otros autores encontraron que las cabras que pastan tienen niveles
adecuados de selenio y hierro en plasma (Schweinzer et al., 2017), pero se han
encontrado niveles mas altos de estos mismos elementos en cabritos que se
alimentaron con lactoreemplazantes (Wittek, 2002). Sin embargo, Lanza et al. (2006) no
encontraron diferencias en ha y a* en la carne de cabritos lechales de distintos tipos de
lactancia, incluso cuando el contenido de hierro del lactoreemplazantes fue mayor que
el de la leche natural (Rodriguez et al., 2008). El hierro y el selenio de la leche de cabra
tienen una biodisponibilidad mayor que los que se encuentran en la leche de vaca
(Raynal-Ljutovac et al., 2008), el componente principal de los lactoreemplazantes. El hap
de la carne esta relacionado con el estado de los pigmentos heminicos, mientras que
C,p estd relacionado con la cantidad de pigmento (Renerre, 1982). Asi, un incremento
del hierro deberia modificar C;;, en lugar de hap. Las modificaciones del estado de los
pigmentos heminicos podrian estar relacionadas con el estado antioxidante total del
musculo y con la actividad de la enzima glutatién peroxidasa, y por tanto, con el
contenido en selenio organico. La forma orgénica o inorganica del selenio incluido en la
suplementacion de cabras, o afiadida a los lactoreemplazantes es muy importante. El
selenito de sodio, que es la forma inorgdnica, actla como un pro-oxidante de los
pigmentos heminicos, aumentando la formacion de metamioglobina (Zhan et al., 2007;
Ripoll et al.,, 2011b), mientras que el selenio en formas orgdnicas como la
seleniometionina, ejerce actividad antioxidante (Hamilton y Tappel, 1963). Dado que no
se conocen los niveles ni la forma quimica del selenio ingerido en la leche, ya sea natural

o artificial, es dificil vincular claramente la ingestion de selenio al color. También pueden
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influir en el color de la carne los carotenoides del pasto transmitidos en la leche (Lobdn
et al., 2017). Asi, se encuentran resultados contradictorios en la bibliografia sobre la
influencia del sistema de lactancia en el indice de rojo. Dependiendo del estudio, la
carne de cabritos alimentados con lactoreemplazantes tuvo menos a* (y menos hap)
(Zurita-Herrera et al., 2013) o lo contrario (Bafnoén et al., 2006; Osorio et al., 2008).
Arglello et al. (2005) encontraron que el musculo longissimus thoracis et lumborum de
cabritos alimentados con lactoreemplazantes tuvieron mayor hg y la misma L*
comparado con los cabritos criados con leche natural. Sin embargo, los resultados de los
valores de C,;, de la bibliografia no fueron consistentes. El efecto del sistema de
lactacién también fue estudiado en cabritos lechales, presentando la carne de los
animales alimentados con lactoreemplazantes mayora* y menor b*, y, en consecuencia,

menor hg que aquellos alimentados con leche de sus madres.

Evolucidn del color durante el tiempo de exposicion al oxigeno

Uno de los factores que altera el color de la carne es el tiempo de exposicion al
oxigeno de la superficie del musculo durante su almacenamiento. Es este tiempo se
produce la decoloracion de la carne debido a que la mioglobina se convierte en
metamioglobina. La decoloracion de la carne es importante porque esta carne no se
puede vender facilmente (Liu et al., 1995), perdiendo valor econdmico. El incremento
de ha y la disminucién de C;;, son indicadores de la decoloracion de la carne
(MacDougall, 1982; Alberti et al., 2005b; Lee et al., 2005; Ripoll et al., 2011b; Ripoll et
al., 2012b; De Palo et al., 2015; Holman et al., 2017). Esto concuerda con los resultados
de esta tesis, donde se muestra la disminucién de a* y C;;,;, con el tiempo. Sin embargo,
Ozcan et al. (2014) que estudiaron el color de la carne de cabritos lechales de la raza
Gokceada criados en régimen extensivo concluyeron que mientras que los indices a* y
b* parecian no cambiar durante los primeros 5 dias de almacenamiento, la L* disminuyd
ligeramente. Morales-De la Nuez et al. (2011) no encontraron cambios en L* y a* de la
carne de cabritos de Majorera almacenados durante 7 dias. Sin embargo, b* y hap
aumentaron mientras que C,, disminuyd. Los cambios durante el tiempo de
almacenamiento en hqs y C,;;, pueden ser resultado de la oxidacion de la mioglobina a
metamioglobina, pero también de la pérdida de pigmentos heminicos si la carne se ha

sometido a un proceso de congelacidn y descongelacion.
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Color de los musculos

Algunos estudios que comparan el color de diversos musculos de cordero
(Tschirhart-Hoelscher et al., 2006) y vacuno (Jones et al., 2004) encontraron mayores
diferencias en L* que en a* y b* entre los musculos estudiados. En cuanto a los indices
a* y b*, Torrescano et al. (2003) encontré resultados similares a los de esta tesis en
carne bovina congelada. Sin embargo, estos autores también encontraron diferencias
en L* entre los tres musculos de la pierna estudiados en la presente tesis. El musculo
biceps femoris podria tener menor C,;, porque tiene mas fibras tipo Ilb (blancas)
mientras que los musculos semitendinosus y semimembranosus tienen fibras lla y llb
(rojas) casi en la misma proporcién (Totland y Kryvi, 1991). El musculo longissimus
thoracis tiene un metabolismo glicolitico y el semimembranosus lo tiene oxidativo y
tienen distintas proporciones de fibras, con lo cual deberian tener distinto color. Sin
embargo, el proceso de congelado y descongelado puede alterar el comportamiento del
color debido a la desnaturalizacién de las proteinas sarcoplasmaticas. Argliello et al.
(2005) encontraron similares valores de L* y hap entre los musculos longissimus thoracis
y semimembranosus, con valores de hg, de aproximadamente 45 grados, de acuerdo con

los resultados de los musculos de la pierna de esta tesis.

2.3. PERFIL DE ACIDOS GRASOS

El rumen de las cabras solo es totalmente funcional a partir de los 56 dias de
edad, aproximadamente (Van Soest, 1994). Por este motivo, la biohidrogenacién
ruminal esta limitada antes (Valvo et al., 2005), por lo que los acidos grasos de la grasa
intramuscular de los cabritos lechales deberia estar influida en su mayor parte por los
acidos grasos de la dieta, es decir, de la leche; dado que la sintesis de novo de acidos
grasos realizada en la gldndula mamaria y en el tejido adiposo supone Unicamente un 6-
20 %, los acidos grasos de la grasa intramuscular deben estar condicionados por la dieta
de la madre (Valvo et al., 2005; Osorio et al., 2007). La sintesis enddgena de acidos
grasos monoinsaturados estd catalizada especificamente por la enzima A-9 desaturasa.
La actividad de la desaturasa de la glandula mamaria es mas alta en animales de
propodsito lechero que en animales con mayor aptitud carnica (Chilliard et al., 2006;
Wood et al., 2008; Horcada et al., 2012). Sin embargo, en esta tesis, las razas Palmera y

Tinerfefla, ambas lecheras, tuvieron porcentajes mads altos de acidos grasos
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monoinsaturados trans y de isémeros del acido graso C18:1, pero no mds cantidad de
acidos grasos monoinsaturados totales que la raza Retinta, de aptitud carnica o que la
Cabra del Guadarrama, con aptitud mixta. Se ha encontrado que la carne de cabritos de
razas cdarnicas tiene mayor porcentaje de acido linolénico conjugado que la carne de
cabritos de razas lecheras (Horcada et al., 2014). En nuestros resultados, los isomeros
mas abundantes del acido graso C18:1 fueron C18:1c9 y C18:1 t11, de acuerdo con
Adeyemi et al. (2017). Estos ismeros son importantes porque el C18:1c9 disminuye el
contenido en colesterol de la sangre (Binkoski et al., 2005), mientras que al C18:1t11 se
le supone un efecto anti-aterogénico (Pariza et al., 2001). Es bien conocido que la ratio
n-6:n-3 es un indicador del papel de los acidos grasos en las enfermedades coronarias,
y se acepta que la ratio en la dieta humana debe ser menor de 4 (Scollan et al., 2006).
Las ratios de esta tesis oscilaron entre 4,78 y 13,00 de acuerdo con los resultados de
otros autores (Horcada et al., 2014). La grasa intramuscular de animales lecheros, como
las razas Palmera y Tinerfeiia tuvieron una ratio menos favorable que otras razas
(Horcada et al., 2012). Sin embargo, otros autores no encontraron relacion entre leches
ligeramente diferentes y los acidos grasos de la grasa intramuscular de la carne de

cordero lechal (Manso et al., 2011).

2.4. COMPUESTOS VOLATILES

En el espacio de cabeza de los viales con carne cocinada se detectan muchos
compuestos volatiles orgdnicos. La mayoria de ellos se generan en la degradacién de
Strecker de los aminoacidos, como parte de las reacciones de Maillard o en la oxidacion
lipidica (Calkins y Hodgen, 2007). Hay poca informacidn acerca del efecto de los sistemas
de lactancia en los compuestos volatiles de la carne de cabrito lechal ligero. Sin embargo,
si hay estudios en cordero lechal (Osorio et al., 2008; Wilches et al., 2011). Se ha
demostrado en esta tesis que el efecto del sistema de lactancia depende principalmente
de la raza, porque hay razas que, al acumular grasa mas rapidamente también acumulan
mayores cantidades de compuestos volatiles organicos (Wilches et al., 2011). Los
compuestos volatiles que se originan tipicamente en los procesos de oxidacion lipidica,
como los aldehidos, fueron mas abundantes en la carne de cabritos alimentados con
lactancia natural que en los alimentados con lactoreemplazantes (Osorio et al., 2008).

Estos compuestos se originan en los procesos de auto-oxidacion de los acidos grasos y
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los fosfolipidos de la carne. Asi, el pentanal y el hexanal se derivan de los acidos linoleico
y araquiddnico, el heptanal y octanal del oleico y el linoleico y el nonanal del 4cido oleico
(Shahidi, 1998; Calkins y Hodgen, 2007). La presencia de aldehidos lineales es
importante porque estos compuestos volatiles tienen umbrales de olor muy bajos
(Drumm vy Spanier, 1991) y sus aromas son descritos generalmente como frutales o de
hierba recién cortada. Esto concuerda con las correlaciones positivas encontradas en
esta tesis entre el hexanal y la aceptabilidad del flavor y la aceptabilidad general de Ia
carne por parte de los consumidores. Sin embargo, cuando la concentraciéon de
aldehidos en la carne vacuna aumenta, los descriptores mads frecuentes cambian desde
los mas deseables (graso, carne) a los menos deseables (rancio, herbaceo o
disolvente/pintura) (Brewer y Vega, 1995). Cuando la carne es magra, generalmente
genera menos cantidad de aldehidos, y los descriptores suelen ser positivos. Por otra
parte, hay compuestos volatiles indeseables, incluyendo algunos dacidos grasos
ramificados de cadena media como el 4-metiloctanoico, 4-metilnonanoico y los 4-etil-
analogos. Estos compuestos volatiles son los responsables de olores desagradables a
cabra y ovino, y no se encontraron en cabritos lechales ligeros porque estos compuestos
aparecen en la pubertad (Young y Braggins, 1998). Sin embargo, el acido butirico
aparecié en la carne de los cabritos de Cabra del Guadarrama. Los aldehidos 2-
metilpropanal, 2-metilbutanal y 3-metilbutanal son generados en la degradacién de
Strecker de la valina, leucina e isoleucina, respectivamente, y se ha comprobado que
contribuyen considerablemente al flavor general de los productos carnicos (Andrade et
al., 2010). El 2-metilpropanal ha sido asociado con olor a “corral” (Frank et al., 2017),

mientras que el 3-metilbutanal ha sido asociado con flavor a curado (Careri et al., 1993).

Aunque el hexano aparece en grandes cantidades, los hidrocarburos tienen una
contribucién minima a los flavores, tanto deseables como indeseables (Drumm vy
Spanier, 1991). De acuerdo con Wilches et al. (2011), también se encontraron algunos
compuestos volatiles derivados del benceno (tolueno, p-xileno, o,m-xyleno). El efecto
de la raza en el tolueno es importante ya que este compuesto se detectd en carne de
corderos lechales de raza Churra pero no en la raza Castellana, independientemente del
sistema de lactancia (Wilches et al., 2011). En este sentido, Vasta et al. (2012) encontrd

tolueno en leche de ovejas, tanto en pastoreo como estabuladas.
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La cetona 3-hidroxi-2-butanona fue indicativa del uso de lactoreemplazantes y
parece que afiade notas de mantequilla al flavor (Montel et al., 1998). Otros compuestos
volatiles minoritarios se han encontrado en corderos lechales como el 1-pentanol (Vieira
et al., 2012). El etilacetato tiene una relacién positiva con el olor a corral (Frank et al.,
2017). Las alquil-pirazinas como la 2,5-dimetil pirazina tienen un umbral de olor muy
bajo (Fors y Olofsson, 1985). Esta pirazina es un producto heterociclico formado en las
etapas finales de la reaccién de Maillard y viene de la condensacién de algunos
aminodacidos y fructosa. La dimetil pirazinas aparecen mas frecuentemente en carne
bien hecha a la parrilla que en carne asada (Chen y Ho, 1998). El compuesto 2-pentil
furano se detecté en casi todas las razas y sistemas de lactancia de esta tesis. Este
compuesto también se detectd en cerdo cocinado, pero no en carne vacuna (Ho et al.,
1978). También se ha encontrado en cordero lechal alimentado con lactoreemplazantes
(Moran et al., 2014). El 2-pentil furano se asocia con flavores a judia, grasa (Drumm vy

Spanier, 1991) e higado (Frank et al., 2017).

La degradacién de aminodcidos que contienen azufre y la tiamina generada en la
degradacion de Strecker producen compuestos azufrados como el disulfuro de carbono
(CSz) y el sulfuro de hidrégeno. Estos compuestos son importantes porque tienen
umbrales de deteccién del olor muy bajos (Mottram, 1998a). La concentraciéon de
compuestos azufrados en carne de corderos no estuvo afectada por el sistema de
lactancia (Osorio et al., 2008). Aunque el compuesto azufrado mas abundante en los
compuestos volatiles de la carne es el sulfuro de hidrégeno (Nixon et al., 1979), este no
se encuentra en corderos o cabritos lechales porque se concentra en la grasa, y los
cabritos tienen muy poca grasa intramuscular. Ademas, algunos autores proponen que
la carne con pH alto, como la del cabrito lechal (Ripoll et al., 2012a), tiene menos flavor
(Young et al., 1993). Esto es debido a que la protedlisis y la lipolisis se desarrollan mas
favorablemente a pH bajo (Young et al., 1993; Young y Braggins, 1998). Por el contrario,
el disulfuro de carbono si que se encuentra en la carne de cordero lechal (Vieira et al.,
2012). El olor de este compuesto se ha descrito como dulce y agradable (Holleman et
al., 2001). La falta de correlacién entre los compuestos volatiles minoritarios y las

variables sensoriales pueden ser debidas a que las diferencias entre sistemas de
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lactancia no fueron lo suficientemente grandes como para tener un impacto detectable

en el flavor (Vieira et al., 2012).

2.5. SISTEMA DE LACTANCIA'Y PH DE LA CARNE

Los valores altos de pH en carne de cabrito son abundantes en la bibliografia,
sugiriendo que las cabras son una especia propensa al estrés (Webb et al., 2005; Casey
y Webb, 2010) porque son muy excitables (Casey y Webb, 2010) y sensibles al manejo
previo al sacrificio (transporte, descanso, etc.). Los valores de pH encontrados en
nuestros cabritos son similares o incluso inferiores a los descritos en sistemas ganaderos
y pesos de sacrificio similares a los nuestros (Marichal et al., 2003; Baiién et al., 2006;
Santos et al., 2007; Pefia et al., 2009a; Ripoll et al., 2011a; Teixeira et al., 2011; Safiudo
etal., 2012; Ripoll et al., 2019a). La mayoria de los valores de pH de la bibliografia oscilan
entre 5,5y 5,8, lo que se considera éptimo para carne caprina (Herold et al., 2007). Los
cabritos son mas sensibles al stress pre-sacrificio que los corderos lechales (Ripoll et al.,
2011a), cuyo pH no se vio afectado por el sistema de lactancia (Osorio et al., 2008).
Ademas, los cabritos jévenes son mas susceptibles al estrés emocional que los adultos
(Safiudo et al., 2012) porque los animales mas jovenes siguen siendo muy dependientes
de sus madres (Napolitano et al., 1995). Asi, el haber encontrado una mayor frecuencia
de carne con pH muy alto en los cabritos alimentados con lactoreemplazantes podria
explicarse porque los cabritos destetados uno o dos dias después del nacimiento no
tienen suficiente capacidad para manejar el estrés emocional de la separacién

(Napolitano et al., 1995).

Las consecuencias del estrés pre-sacrificio son de sobra conocidas. La deplecién
del glucdgeno previo al sacrificio originado por el estrés da como resultado pHs altos,
caracteristicos de las carnes oscuras, conocidas como DFD (Dhanda et al., 2003b). Sin
embargo, la carne del grupo con valores altos de pH no mostré una alteracion de su
contenido en humedad, que podria ser un signo caracteristico de una carne DFD.
Watanabe et al. (1996) encontraron que la dureza de la carne ovina se incrementaba
desde pH 5,5 a 5,8 para luego disminuir cuando el pH era mds alto de 5,8. De hecho, en
esta tesis la fuerza de cizalla Warner-Bratzler y la dureza de la carne cocinada fue mas

baja en estas carnes con pH alto que en las de pH bajo. Sin embargo, el incremento de
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pH aumentd el valor de otros parametros de textura como la masticabilidad y la
adhesividad, de manera que la carne de cabrito con pH alto puede ser percibida como
diferente por los consumidores. Ademas de la alteracién de la textura, los valores altos
de pH son indeseables porque el crecimiento microbiano se ve favorecido cuando los

valores de pH son cercanos a 7 (Lawrie, 1998).

Respecto de la influencia del pH alto en el color, Kannan et al. (2003) no encontré
carnes oscuras en carne de cabras afectadas por estrés en el transporte, aunque el pH
si se vio alterado. Ripoll et al. (2011a) estudiaron el efecto del incremento de pH en el
musculo longissimus thoracis de cabritos lechales en un intervalo de pH similar al de esta
tesis. Estos autores concluyeron que los valores de C;;, aumentan cuando el pH se
aproxima a 6, pero permanecen constantes entre 6y 7. Este hallazgo concuerda con los

resultados de esta tesis, aunque Ripoll et al. (2011a) no encontraron efecto en L* o hgp.

Los cabritos lechales alimentados con lactoreemplazantes sufrieron mayor
estrés, originando pHs altos. Este incremento del pH disminuye la dispersion de la luz,
lo que permite que la luz penetre mas en la carne, y la mioglobina del interior de la carne
se hace mas visible (Swatland, 2004). Esta carne es poco deseable debido a los valores
altos de a* y C}, y bajos de hap, ademas de tener una vida util corta (Ripoll et al., 2018a).
Arglello et al. (2005) no encontraron ninguna correlacion entre el pH y los valores de
C,p0 hab, probablemente porque el valor mas alto en su estudio estuvo por debajo de 6.
Sin embargo, los valores de pH de esta tesis, que se incrementan desde 5,48 en el Cluster

1a 5,65 en el Cluster 2, llevaron a grandes cambios en L*, C}, Y hab.
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3.CALIDAD SENSORIAL DE LA CARNE

3.1. CATA CON CONSUMIDORES

Al igual que en el apartado de calidad instrumental, hay poca bibliografia que
estudie las diferencias sensoriales entre carne de cabritos lechales o corderos
alimentados con leche natural o lactoreemplazante. Mds aun, la informacién existente
es poco concluyente. De acuerdo con los resultados de esta tesis, Alcalde et al. (2013a)
encontraron que la aceptabilidad del flavor de la carne de cabritos ligeros alimentados
con leche natural era mayor que la de la carne de cabritos alimentados con
lactoreemplazantes. Napolitano et al. (2002) encontré que los catadores pudieron
detectar diferencias entre carne de corderos lechales alimentados con leche natural y
lactoreemplazante, pero no informaron de la preferencia o diferencias entre la carne de
los dos sistemas de lactancia. Por contra, Osorio et al. (2008), utilizando catadores semi-

entrenados, no encontraron diferencias entre los sistemas de lactancia.

Se ha descrito que la valoracion general y el flavor de carne de cordero y cabrito
lechal, valorados por consumidores europeos, estan relacionados entre si (Dransfield et
al., 2000; Font-i-Furnols et al., 2006), de acuerdo con los resultados de esta tesis. Sin
embargo, la preferencia o aceptabilidad de la carne esta influida por aspectos culturales
y habitos de consumo (Bernués et al., 2012). Dransfield et al. (2000) demostraron una
clara influencia de la nacionalidad del consumidor en la preferencia por la carne de
cordero. Por esto, cuando se usan catadores no profesionales o consumidores, se hace
necesaria la segmentacion de los consumidores de acuerdo a sus caracteristicas
sociodemograficas o psicograficas, para evitar interpretaciones incorrectas de los
resultados (Font-i-Furnols et al., 2006). Por ejemplo, la percepcién del flavor disminuye
con la edad, y algunos autores afirman que existe una pérdida de capacidades
sensoriales a partir de los 60 afios (Rolls, 1999). Otros autores sugieren que la pérdida
de capacidades comienza a los 40 afios (Russell y Cox, 2004). Sin embargo, en esta tesis,
solo las personas mayores diferenciaron entre sistemas de lactancia. Esto se podria
explicar por la familiaridad con la carne, que estd relacionada con la frecuencia de
consumo e implicacién (involvement) del consumidor con la carne de cabrito. Los

consumidores con gran familiaridad con la carne y consumo frecuente también tienen
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una implicacién alta (Borgogno et al., 2015b). Estos consumidores con gran implicacion
con ciertos productos piensan que estos son un reflejo de su imagen personal (Verbeke
y Vackier, 2004), asi que podrian magnificar las diferencias detectadas. Los
consumidores con gran familiaridad con la carne también son propensos a dar notas
mas altas en flavor y terneza (Borgogno et al., 2015b). Por otra parte, los consumidores
poco implicados toman decisiones de manera poco reflexiva (Verbeke y Vackier, 2004).
Ademas, los consumidores con un consumo moderado de carne mostraron mas

capacidad de diferenciacion entre sistemas de lactancia que los otros consumidores.

3.2. VALORACION VISUAL

Hay un consenso bien fundamentado en la bibliografia sobre que el color es el
principal criterio para elegir carne debido a su relacidn con la frescura (Kubbergd et al.,
2002; Bernués et al., 2012; Gracia y de Magistris, 2013; Ripoll et al., 2018b). Sin embargo,
la grasa visible también es una clave principal para valorar la calidad de la carne
(Kubbergd et al., 2002; Banovic¢ et al., 2016). No obstante, la carne de cabritos lechales
ligeros no tiene grasa aparente. En consecuencia, en las dos encuestas online realizadas,
el color prevalece como la caracteristica mds importante para valorar la carne. También
se hubiera podido esperar que el criterio mas utilizado hubiera sido el brillo, ya que la
carne de cabrito lechal ligero, en general, es luminosa y tiene indices de a* y b* bajos

(Morales-De la Nuez et al., 2011; De Palo et al., 2015).

Cuando los consumidores valoraron la carne de Cabra del Guadarrama criada en
los dos sistemas de lactancia y a varios tiempos de exposicidon, mostraron una clara
preferencia por la carne de cabritos lechales alimentados con lactoreemplazantes, tanto
cuando valoraron el producto real en vitrina como cuando valoraron las fotografias en
la encuesta online. Estos resultados son consistentes con el hecho de que el consumidor
prefiere la carne con mayor L* y hap, y bajo €, de acuerdo con Safiudo et al. (1998). Sin
embargo, los resultados de la encuesta que preguntaba solo sobre los sistemas de
lactacidon (que incluia 4 razas caprinas) fueron menos claros porque la diferencia de color
(Ayp) entre los sistemas de lactacion fue considerablemente menor (A, = 2,4) que en

la encuesta en la que se comparaban sistemas de lactancia y tiempos de exposicion (A,

= 4,0). Esta ultima diferencia de color es cercana al concepto de Diferencia Apenas
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Perceptible (Just Noticeable Difference, JND) entre dos estimulos visuales (Stokes et al.,
1992; 1SO, 2004). Sin embargo, definir un umbral de deteccidn de diferencias visuales es
dificil porque depende en gran medida de la distancia fisica entre los dos colores a
comparar en el espacio de color (Lee, 2005). Abril et al. (2001) encontraron en vacuno
que diferencias de A7,;, mayores de 0,9 eran detectables por el consumidor. Sin embargo,
tedricamente, dos estimulos visuales con una diferencia de color por debajo de 2,2 no
son discriminables (Stokes et al., 1992). Otros autores también afirman que diferencias
por debajo de 1 son imperceptibles, y que diferencias de color entre 1 y 4 pueden ser
perceptibles o no dependiendo de otros factores (Ebner, 2007), como la distancia fisica
y temporal entre los estimulos (Wyszecki y Stiles, 1982). De hecho, Babiker et al. (1990),
en un estudio que comparaba carne de cabra y de cordero, encontraron que Ay, = 1,97
no fue detectada por los consumidores por que no se evaluaron las dos carnes una junto
a otra. Carrasco et al. (2009) encontré que evaluadores entrenados no pudieron

diferenciar el color de grasa subcutanea de corderos con Ay, = 5,2 por la misma razén.

No se encontraron estudios en la bibliografia en los que se examine la
apreciacion visual o la intencidon de compra de carne de cabrito durante su tiempo de
exposicién. Sin embargo, algunos autores han encontrado que los consumidores
rechazan la carne de corderos ligeros (Panea et al., 2005; Joy et al., 2012b) y pesados
después de 5 dias de exposiciéon (Kennedy et al., 2004). Estos resultados son coherentes

con los 6 dias de vida util encontrados en esta tesis.

Relacion entre el color instrumental y la valoracidn visual de los consumidores
Holman et al. (2017) encontraron que si se quiere utilizar el color para predecir
la aceptacion del consumidor de la carne fresca bovina, el mejor predictor fue a*,
aunque el uso de hgs y C;;, mejord la precision de la estimacion. Otros autores han
descrito una fuerte relacidn entre la valoracién visual de carne bovina y L* (Eikelenboom
et al., 1992; Denoyelle y Berny, 1999; Hulsegge et al., 2001). De acuerdo con los autores

anteriores, Khliji et al. (2010) usaron solo L* y a* para valorar la aceptabilidad de la carne

630 nm

fresca de cordero, pero cuando se estudié el pardeamiento de la carne, la ratio pv—

mejoré el modelo de valoracion. Parece que cuando el tiempo de exposicidn genera

pardeamiento o decoloracién, los mejores pardmetros para clasificar carne son los que
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. . . . . b .
consideran las variables a* y b* juntas, p.ej. has, Cjp, la ratio piY las ratios de valores
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. m . 74- . . o
de reflectancia como — en lugar de las coordenadas tricromaticas individuales (Lee

et al., 2005; Morrissey et al., 2008; Ripoll et al., 2012b). Las reglas de clasificacién
propuestas por el algoritmo de aprendizaje automatico fueron coherentes con estos
autores. Segun estas reglas, los consumidores usaron la L* como la principal clave para
evaluar la carne de cabrito lechal ligero, fijando el valor de 40, 77 como umbral o
frontera de clasificacién mas que como fuente para realizar una valoracién completa.
Ademas de L*, los consumidores valoraron el valor de hqy de toda la superficie de la
chuleta y no el de sus musculos individuales. El valor de has y C,p , junto con L* son las
variables de color mas facilmente interpretables por los humanos. Por el contrario, b*
no estd relacionada con el color de la carne de una manera intuitiva (MacDougall, 1982;
Mancini et al., 2005; Ripoll et al., 2012b), y su uso por los evaluadores o consumidores
es complejo (O'Sullivan et al., 2003). Las chuletas de la encuesta en la que solo se
comparaban sistemas de lactancia, tuvieron medias de L* para cada uno de los sistemas
superiores a 40,77. Asi, de acuerdo con las reglas de clasificacién del algoritmo de

aprendizaje automatico, ambos sistemas de lactacion tendian similar valoracién visual.

Respecto de los iluminantes usados, el iluminante A prima las longitudes de onda
del rojo y se ha recomendado para relacionar la valoracion visual con el color
instrumental (AMSA, 2012). Sin embargo, el iluminante D65 fue mas util para encontrar
relaciones entre la valoracién visual y el color instrumental en carne muy luminosa y
palida como es la de cabrito. Los resultados del iluminante C fueron similares a los del
D65 porque estos iluminantes tienen su mayor diferencia en la region ultravioleta, que

no es visible por los humanos.
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1. El efecto del sistema de lactancia sobre la textura, el color, el perfil de dcidos grasos
y los compuestos volatiles de la carne de cabrito lechal ligero estuvo condicionado

por la raza.

2. Independientemente de la razay del sistema de lactancia, la carne de cabrito lechal
ligero presentd valores muy bajos de fuerza de cizalla Warner-Bratzler y de dureza,
en comparacién con carne de otras especies. Por lo tanto, la dureza de la carne de
cabrito lechal ligero no deberia ser un factor condicionante al elegir raza o sistema

de lactancia, tanto por parte del ganadero como del consumidor.

3. La carne de cabrito lechal ligero tiene normalmente un pH mas alto que otras
especies. El pH influyé significativamente en la carne de cabrito, de manera que la
carne con pH mayor de 5,6 tuvo una textura y color diferente de la carne con pH

menor de 5,6.

4. La aparicién de pH mayores de 6 fue mas frecuente en cabritos alimentados con

lactoreemplazantes, independientemente de la raza.

5. Lacarne cocinada de cabrito lechal ligero con pH mayor de 5,6 fue menos dura, pero

presentd mayor cohesividad y adhesividad.

6. El calostro tuvo mas proteina y grasa y menos lactosa que la leche. Sin embargo, la

leche tuvo una composicidon quimica constante durante el tiempo estudiado.

7. En comparacién con la leche de otras especies, la leche de cabra presentd un
porcentaje mds alto de acidos grasos saludables, tales como el C18:1 c9,
especialmente las razas Cabra del Guadarrama y Retinta, y el C18:2 n—6, aunque la
cantidad este ultimo fue algo menor en la Cabra de Guadarrama. Por otra parte, la
cantidad de lactosa fue menor que en la leche de vaca, lo que es de interés para
personas con problemas de tolerancia a la lactosa. La raza Retinta tuvo una relacién

n-6/n-3 menor que 4, que es el valor considerado saludable.

8. La carne de cabrito fue rica en 18:1¢9. La carne de las razas lecheras tuvo mayor
porcentaje de acidos grasos poliinsaturados trans y de la mayoria de los isémeros
del acido C18:1 pero menor porcentaje de acidos grasos monoinsaturados y CLA

que la carne de razas carnicas.
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La carne de cabritos alimentados con lactancia natural tuvo mayor porcentaje de
CLA y de acidos grasos de cadena ramificada, especialmente en las razas Palmeray
Retinta, y menor cantidad de acidos grasos omega 6, excepto en la raza Retinta, que

la carne de cabritos alimentados con lactoreemplazantes.

La presencia de acidos grasos de cadena ramificada en la carne de cabritos lechales,
qgue aun no tienen un rumen funcional, prueba que estos provienen de la leche
materna. En consecuencia, podrian aparecer en cabritos muy jévenes los olores
tipicos a cabra que proporcionan estos acidos y que son mds propios de animales

adultos.

En general, el sistema de lactancia no afectd al porcentaje de aldehidos lineales, que
son los mayores responsables en el aroma de la carne. Sin embargo, el hexanal, que
fue el aldehido que aparece en mayor proporcién, estuvo relacionado con el uso de
leche natural. Ademas, el hexanal estuvo correlacionado positivamente con la
aceptabilidad del flavor y la aceptabilidad general de la carne por parte de los

consumidores.

Otros compuestos minoritarios, como el 2-metil pentano, 3-metil pentano, 2-pentil
furano y 2-etil-1-hexanol estuvieron correlacionados negativamente con Ia

aceptabilidad general de la carne por parte de los consumidores.

La aceptabilidad sensorial de la carne de cabrito lechal ligero alimentado con leche
natural fue mayor para los consumidores de mayor edad y para los consumidores
con un consumo de carne moderado. El resto de los consumidores no fue capaz de

encontrar diferencias sensoriales en funcion del sistema de lactancia.

Los consumidores utilizaron el color como principal atributo para valorar
visualmente la apariencia de la carne, por delante del brillo, color de la grasa, forma
y tamaiio de la chuleta. Ademas, el uso de este atributo es consistente en todos los

segmentos sociodemograficos de los consumidores.

Para valorar la apariencia de las chuletas, los consumidores usan el color de toda la
superficie en primera instancia, y posteriormente el color del musculo

semitendinosus. La luminosidad y el tono de la carne fueron los principales atributos
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de color para evaluar la apariencia de la carne, con mayor importancia que el indice

de rojo.

La apariencia de las chuletas de pierna de cabrito lechal ligero alimentado con
lactoreemplazantes fue mejor valorada que la de cabrito alimentado con leche
natural, tanto cuando se valoraba la chuleta in situ como cuando se valoré mediante
encuesta online con fotografias. Ademas, esta mejor apariencia de las chuletas de
cabrito lechal ligero alimentado con lactoreemplazantes se mantuvo a lo largo del

tiempo de exposicién en vitrina, permitiendo alargar el tiempo de vida util.

Esta mayor preferencia del consumidor por la carne de cabrito alimentado con
reemplazantes fue debida a que tenia mayor luminosidad y tono, y menor
saturacion. No obstante, cuando la carne tenia una luminosidad mayor de 40,77 y
la diferencia de color entre las chuletas era pequefia, la preferencia por un sistema

de lactancia y otro dependia de la raza.

El iluminante D65 fue mas adecuado que los iluminantes A y C para relacionar la

valoracidn visual de la carne con el color instrumental.

El uso de algoritmos de aprendizaje automatico evidencid que las reglas
subyacentes usadas por los consumidores para evaluar la apariencia de la carne no

son lineales y pueden ser esquematizadas en un algoritmo simple.

La minima diferencia apreciable en la deteccién del color del consumidor fue similar
cuando el consumidor tuvo que evaluar la carne o fotos de la carne. Asi, las
encuestas web con fotografias pueden conseguir una informacién similar a la de las

encuestas con producto real.
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Resumen

El ganado caprino es de gran importancia en Esparia, tanto por censo como por su
repercusion en la Produccion Final Ganadera. Esta revision bibliografica se ha realizado
de manera sistematica con los estudios encontrados en revistas cientificas sobre cabrito
lechal con un peso vivo de menos de 13 kg y alimentado exclusivamente con leche. El
peso de la canal de estos cabritos se distribuye en dos grandes grupos, con pesos por
encima y por debajo de 5 kg. A ambos pesos de canal, la carne de cabrito lechal se
confirma como una fuente de proteina baja en grasa. No se puede concluir que exista una
relacion lineal del sistema de lactancia o del peso canal con el pH. La carne de cabritos
alimentados con leche natural tiene un indice de amarillo mas alto que los de la carne de
cabritos alimentados con lactorremplazantes. No se aprecié una influencia marcada del
peso de la canal ni del sistema de lactacion en la dureza, que tuvo un valor medio fue de
35 N. En lineas generales, la carne de canales de méas de 5 kg tuvo menor porcentaje de

acidos grasos saturados y mayor de insaturados, y una ratio n-6/n-3 mayor que la de carne
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Abstract: The aim of this work was to study the texture profile of fresh and cooked longissimus thoracis
et lumborum muscle from suckling kids raised with natural milk or milk replacers. Suckling male
kids from eight goat breeds (Florida, FL; Cabra del Guadarrama, GU; Majorera, MA; Palmera, PL;
Payoya, PY; Retinta, RE; Tinerfefia, TI; Verata, VE), all of single parturition, were raised with milk
replacers (MR) or with natural milk from the dams (NM). The meat pH, Warner-Bratzler shear force,
texture profile analysis and chemical composition were determined. Kids were clustered based
on their pH by k-means clustering. The effect of the rearing system on the textural profile was
strongly modulated by breed. The values of Warner-Bratzler shear force and hardness found in
these breeds under both rearing systems were very low. Hence, the toughness of very light suckling
kids should not be a determining factor in choosing a breed or rearing system. Nevertheless, the
use of milk replacers increased the presence of meat with high pH, which modified the textural
parameters, decreasing the shear force but increasing cohesiveness and adhesiveness. Consequently,
depending on the commercial strategy of the farm, the election of the breed and rearing system must
be considered together.

Keywords: rearing system; stress; DFD; TPA; hardness; toughness; shear force; Warner-Bratzler

1. Introduction

Approximately 4.7 million head of goats and kids were slaughtered within the European Union in
2017 [1]). Meat from goats is considered healthy because it is low in calories and fat [2]. However,
Mediterranean goat farms are mainly focused on production of cheese and milk products because they
have higher prices than cow milk [3-5]. When kid goats are reared with their dams, the availability of
milk for cheese production is decreased, and the quality of milk may change. Although most of the
incomes per goat on the dairy farm come from the sale of milk, 20% of the total income comes from
the sale of kids [6]. These kids are weaned very early and reared with milk replacers. Milk replacers
specifically formulated for kids result in good daily weight gain. The kids are mostly slaughtered at a
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1 | INTRODUCTION

Abstract

Most suckling kids are raised on farms for cheese production, and many goat farmers
rear kids with milk replacers. The aim of this work was to study the influence of the use
of milk replacers on the color of four muscles. A total of 246 suckling kids of eight
breeds were slaughtered to achieve carcasses of 5 kg. The color of the biceps femoris,
semimembranosus, semitendinosus, and longissimus thoracis muscles was measured with
a spectrophotometer, and CIELab coordinates were registered. In addition, the pH of
longissimus thoracis was measured. The effect of the rearing system (RS) on the color
of the studied muscles is strongly modulated by breed. In general terms, there are two
groups of kids according to the color of meat. The first group has great lightness and
hue angle including Malaguena, Palmera, and Tinerfefia fed natural and artificial milk.
The second group with great redness includes Retinta, Payoya, and Verata fed natural
and artificial milk together with Florida fed natural milk and Cabra del Guadarrama fed
milk replacers. Hence, farms should consider selecting a breed and RS together. Most
of the kid meat with high pH comes from kids raised on milk replacers. Because artifi-
cial RSs use very early weaning, which might induce a high pH and dark meat, two ar-
tificial rearing strategies can be proposed. The first strategy is to choose less sensitive
breeds that produce meat with a normal pH. The second strategy is to restrict suckling

of natural milk but minimize separation from the mother.

KEYWORDS

biceps femoris, chop, milk replacer, semimembranosus, semitendinosus

from the mother's milk. When kid goats are reared with their dams,
the quantity and quality of milk available for cheese production may

Spain produces 10.9% of kid meat in the European Union, and
80% of this kid meat originates from the light suckling kid cate-
gory (cabrito) (MAPAMA, 2016). Goat milk is a valuable product.
Therefore, some goat farmers remove kids from their dams at a very

young age and rear them with milk replacers to produce cheese

change. Hence, milk from Florida, with no suckling kids, has more
fat, protein, and nonfat dry extract than milk from dams’ suckling
kids (Delgado-Pertifiez, Guzman-Guerrero, Mena, et al., 2009),
although other breeds only show a tendency to increase fat and

protein in milk from dams with no suckling kids (Delgado-Pertifiez,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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Abstract: Goat meat is considered healthy because it has fewer calories and fat than meat from other
traditional meat species. It is also rich in branched chain fatty acids that have health advantages
when consumed. We studied the effects of maternal milk and milk replacers fed to suckling kids
of four breeds on the straight and branched fatty acid compositions of their muscle. In addition,
the proximal and fatty acid compositions of colostrum and milk were studied. Goat colostrum had
more protein and fat and less lactose than milk. Goat milk is an important source of healthy fatty
acids such as C18:1 ¢9 and C18:2 n-6. Suckling kid meat was also an important source of C18:1c9.
Dairy goat breeds had higher percentages of trans monounsaturated fatty acids (MUFAs) and most of
the C18:1 isomers but lower amounts of total MUFAs than meat breeds. However, these dairy kids
had meat with a lower percentage of conjugated linoleic acid (CLA) than meat kids. The meat of
kids fed natural milk had higher amounts of CLA and branched chain fatty acids (BCFAs) and lower
amounts of n—6 fatty acids than kids fed milk replacers. Both milk and meat are a source of linoleic,
a-linolenic, docosahexaenoic, eicosapentaenoic and arachidonic fatty acids, which are essential fatty
acids and healthy long-chain fatty acids.

Keywords: goat; milk; BCFA; replacer; methyl; colostrum

1. Introduction

Approximately 119,000 tons of caprine meat were produced in Europe in 2017 [1]. However,
Mediterranean goat farms are mainly focused on dairy production, including cheese and milk products,
because they have higher prices than cow milk [2]. In addition, goat milk is also generating great
interest for human consumption due to its nutritional advantages and lack of allergenicity compared to
cow milk [3]. Accordingly, Europe produces 2,824,715 tons of goat milk, and 45% is produced in South
Europe [1]. Although most income per goat on the dairy farm comes from the sale of milk, 20% of the
total income comes from the sale of kids [4]. These kids are weaned very early and reared with milk
replacers. These milk replacers are specifically formulated for kids, resulting in good daily weight
gain. Moreover, this meat is perceived by consumers to be high-quality meat, with most kids being
slaughtered at the very light carcass weight of 5-7 kg [5]. However, some farmers, especially those
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ABSTRACT

ARTICLE HISTORY

Most of European Union goats are slaughtered with carcase weights between 5kg and 11 kg.
Some farmers rear kids with milk replacers to produce cheese with the dams’ milk. The aim of
this experiment was to study the volatile compounds (VOCs) of meat of suckling light kids
reared with natural milk or milk replacers and to study the influence of consumers’ psycho-
graphic characteristics on the sensory preference for meat. Gas chromatography-mass spectrom-
etry was performed to identify the VOCs and consumers evaluated the flavour, juiciness and
overall acceptability. Thirty-five VOCs were detected and 44.3%, 25.1%, 6.9% and 2.3%, were
aldehydes, hydrocarbons, ketones and alcohols, respectively. The influence of the rearing system
on VOCs clearly depended on the breed. The use of milk replacers did not affect the percentage
of linear aldehydes compared to the use of natural milk. However, the major aldehyde, hexanal
(34.8%), was related to the use of natural milk and correlated positively with both the flavour
(r=0.21) and overall acceptability (r=0.24). On the other hand, hydrocarbons such as hexane
were related to MR, and 2-methyl-pentane and 3-methyl pentane were correlated with the
acceptability of flavour (r=—0.22 and —0.25, respectively) and with the overall acceptability
(r=-0.21 and —0.24). The 2-penthyl furan and 2-ethyl-1-hexanol were correlated with the over-
all acceptability (r=—0.22 and —0.22, respectively). Therefore, the acceptability of meat from
suckling kids fed natural milk was greater for older consumers and people with a moderate con-
sumption of meat.

HIGHLIGHTS

e Goat farmers remove the kids from their dams at a very young age and rear them with milk
replacers, but this practice may alter the flavour of meat.

e The major aldehyde, hexanal, was related to the use of natural milk and correlated positively
with the flavour and overall acceptability.

o Acceptability of meat from suckling kids fed natural milk was greater for older consumers
and people with a moderate consumption of meat.
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Introduction

Spain has one of the largest goat populations in the
European community, producing 20% of the milk
goats and 10.9% of the kid meat in the European
Union (MAPAMA 2016). In addition, suckling kid sales
are 20% of the final income per goat of the dairy farm
(Castel et al. 2012). Eighty per cent of this kid meat
comes from the light suckling kid category (cabrito)
(MAPAMA 2016). These light suckling kids have a live

weight of 10-11kg and carcase weight of 5-7 kg, and
are perceived by consumers to be high-quality meat
(Marichal et al. 2003). In fact, 88% of European Union
goats are raised and slaughtered as kids with carcase
weights between 5kg and 11kg (Shrestha and Fahmy
2007). When kid goats are reared with their dams, the
availability of milk for cheese production decreases.
Therefore, some goat farmers remove the kids from
their dams at a very young age and rear them with
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Consumer visual appraisal and shelf life of leg
chops from suckling kids raised with natural
milk or milk replacer

Guillermo Ripoll,®*® Maria J Alcalde,® Anastasio Argiiello,* Maria G
Cérdobad and Begoia Panea®

Abstract

BACKGROUND: The use of milk replacers to feed suckling kids could affect the shelf life and appearance of the meat. Leg chops
were evaluated by consumers and the instrumental color was measured. A machine learning algorithm was used to relate them.
The aim of this experiment was to study the shelf life of the meat of kids reared with dam’s milk or milk replacers and to ascertain
which illuminant and instrumental color variables are used by consumers as criteria to evaluate that visual appraisal.

RESULTS: Meat from kids reared with milk replacers was more valuable and had a longer shelf life than meat from kids reared
with natural milk. Consumers used the color of the whole surface of the leg chop to assess the appearance of meat. Lightness
and hue angle were the prime cues used to evaluate the appearance of meat.

CONCLUSION: llluminant D65 was more useful for relating the visual appraisal with the instrumental color using a machine
learning algorithm. The machine learning algorithms showed that the underlying rules used by consumers to evaluate the

appearance of suckling kid meat are not at all linear and can be computationally schematized into a simple algorithm.

© 2017 Society of Chemical Industry

Keywords: rearing system; survival analysis; color; machine learning; muscles; appearance

INTRODUCTION

Goats are regarded worldwide as an important species owing
to their contributions to the development of rural areas and
communities.! Spain has one of the largest goat populations in
Europe, producing 20% of the goat milk and 10.9% of the kid meat
in the European Union.? In addition to this, the sale of suckling kids
makes up 20% of the total income per goat on the dairy farm,?
and 80% of this kid meat originates from the suckling kid category
(cabrito).* These suckling kids have a live weight of 10-11 kg and a
carcass weight of 5-7 kg and are perceived by consumers to be
a high-quality meat.®> In fact, 88% of European Union goats are
raised extensively and slaughtered as kids, with carcass weights
of between 5 and 11kg.° When kid goats are reared with their
dams, the availability of milk for cheese production is decreased.
Therefore some goat farmers remove the kids from their dams at
a very young age and rear them with milk replacers. Milk replacers
specifically formulated for kids can result in good daily weight
gain. However, some farmers are disinclined to use milk replacers
because this type of rearing involves greater labor costs, although
total costs are equal to or greater than those of natural suckling
systems.”®

Meat color is an extremely important factor influencing con-
sumer purchase decisions, as it is deemed a visual measure of
freshness and quality’ and plays a major role in the purchase
decision.’®'" In Mediterranean countries, some people believe that
light-colored meat of lamb and goat comes from young animals.
Spanish consumers in particular think that meat from suckling kids

and lambs has better sensory quality than meat from older ani-
mals and thus are willing to pay higher prices.'> The meat color
of young small ruminants is influenced by factors in the manage-
ment system'3 such as breed, age/weight at slaughter, pH and
the use of milk replacers.™ In addition to the influence of milk
replacer use on meat color, consumers’ visual appraisal of kid
meat quality is affected by the conditioning associated with their
socio-demographic characteristics.'® Accordingly, a fresh appear-
ance and light color in lamb were more highly valued by traditional
consumers'! and can determine purchase intention. However, in
other species such as beef, the influence of demographic factors
on acceptability is less important.®

In 1931, the Commission International de I'Eclairage (CIE) recom-
mended the use of illuminant C. However, in current times, this
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ABSTRACT

Most suckling kids are raised on farms oriented toward cheese production, and many goat farm-
ers’ rear kids with milk replacers. The aim of the current study was to investigate the consumer
preferences for the visual appearance of meat from suckling kids reared with milk replacers or
natural milk. Meat colour was the major criterion used to select meat. The meat of Cabra del
Guadarrama reared with milk replacers was preferred by 72% of consumers and had a preferred
lightness and hue angle. The rearing system did not influence preference through the time of
display. Web-based surveys provided similar information to information recorded with live sur-
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KEYWORDS
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appraisal; muscles; choice

veys using actual products instead of pictures. Meat colour appears to be a recurring intrinsic
cue to assess consumer preference. In general, consumers preferred meat of light suckling kids
reared on milk replacers because this meat had a high lightness and hue angle as well as a

low chroma.

HIGHLIGHTS

e Meat colour was the major criterion used to choose meat.

e Rearing system did not influence consumer’s preference through time of display.
e Consumers preferred meat with high lightness and hue angle, and low chroma.

Introduction

Consumer behaviour is complex and is determined by
psychological, marketing and sensory factors, and vis-
ual appearance is one type of sensory factor (Font-i-
Furnols and Guerrero 2014). The choice of meat at the
point of purchase is determined by visual appearance
characteristics, such as colour and marbling, because
these intrinsic quality cues are highly related to
expectations of meat quality (Banovi¢ et al. 2012).
From these cues, the appearance of freshness and col-
our has been reported to be the most important
(Bernués et al. 2012; Gracia and de Magistris 2013;
Ripoll et al. 2018b). Meat colour is defined by the con-
centration and chemical state of the muscle pigment,
which can be measured using the hue angle (hy,) and
chroma (C;,) parameters of CIE L*a*b* (Renerre 1982).
There are some studies relating CIE L*a*b* colour to
consumer preferences, but most are focussed on beef

or heavy lambs (Khliji et al. 2010; Holman et al. 2016).
However, consumer colour preferences are different
when assessing red meat and light meat and conse-
quently use different colour cues. Thus, consumers of
heavy lambs preferred the reddest meat (Khliji et al.
2010), while consumers of light lambs preferred pale
meat (Bernués et al. 2012; Ripoll et al. 2018b). In beef,
a* provides the best prediction of the consumer
acceptance of colour (Holman et al. 2016), while C;, is
an important indication of colour (Ripoll et al. 2012).
Alberti et al. (2002) used an artificial intelligence algo-
rithm to find a function yield a score beef from 1
(light pink meat) to 5 (dark red meat). The function
found selected L* and h,, as the most explanatory
variables. Also, Liu et al. (1996) recommend the use of
hga, because it is precise and easily understandable.
The relationship between consumers visual appraisal
and instrumental colour remains unclear. However, in
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