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1.1. Functional foods  

Among all the innovations introduced in the food industry, functional food was 

recognize as one of the most interesting areas to satisfy consumer expectations 

(Bigliardi and Galati, 2013; Bholah and Neergheen-Bhujun, 2013). Functional food 

plays an outstanding role by their increasing demand derived from the increasing cost of 

healthcare, the steady increase in life expectancy, and the desire of older people for an 

improved quality of life (Nagashima et al., 2013; Szakály et al., 2012). Leatherhead 

Food International values the functional foods market at 24.2 billion US$ in 2010; the 

development of the market has been monitored since 2003 and it has been estimated that 

it increased by almost 1.5 times during the last 10 years. In Spain, the growth rate of the 

functional foods market was above 14% and the value of the commercialized products 

was more than 3.500 millions of euro during the last years (Juárez. 2010). Moreover, the 

functional foods market has been growth significantly faster than the headline rate of 

growth of the global food and beverage market of around 4% per year. However, the 

growth rates in other part of the world have dropped over the last couple of years, 

especially compared with the last decade due to economic reasons caused by the global 

downturn (Leatherhead Food International. 2012). 

1.1.1. Definition and classification of functional foods  

The term “functional food” was created in the late 1980’s in Japan as a result of a study 

on the relationships between nutrition, sensory satisfaction, fortification and modulation 

of physiological systems in order to define those food products fortified with special 

constituents that possess advantageous physiological effects (Bigliardi and Galati, 

2013). Japan was the first nation that has legally defined the term of functional food and 

the Japanese functional food as consequence is one of the most advanced in the world. 

To date a number of national authorities, academic bodies and industry have proposed 

many definitions for functional foods, but up to now this concept still not clear and 

completely defined. However, the lack of agreement on terminology doesn’t seem to be 

a direct obstacle to the development of this market, which means that consumers are 

more attracted by a health message rather than the use of a particular legal term. 

Many definitions have been proposed by Bigliardi and Galati (2013), in which the main 

key concepts were underlined; health benefits, nutritional functions and technological 
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process used. However, the main concept, mostly reported and making the difference 

between all the definitions, is the fact that functional foods must provide an additional 

physiological benefit, beyond their nutritional properties, that may prevent disease or 

promote health and wellbeing (Rodriguez et al., 2012; Falguera et al., 2012; Bhat and 

Bhat, 2011; Siró et al., 2008). 

Moreover, functionality may be an inherent quality of the food raw material or a feature 

introduced by innovative new processing technologies or by the addition of health 

promoting food ingredients or probiotic micro-organisms to the food matrix (Briström 

and Nordström, 2002). 

There are two major classifications of functional foods as reported by Bigliardi and 

Galati (2013); from a product point of view or based on the aim of the functional food. 

From a product point of view, according to Sloan (2000) and Spence (2006), functional 

foods include fortified foods (such as juice fortified with vitamin C), enriched foods 

(such as probiotic), altered products (such as fiber as fat released) and enhanced 

commodities (such as eggs with increased omega-3 content). And, based on the aim of 

functional food, functional foods can be classified as foods that improve the conditions 

of the body (such as prebiotics and probiotics) and foods that may reduce risks to 

develop diseases (cholesterol-lowering products). 

Dairy functional food 

In the worldwide functional food market, dairy products are key products and account 

for nearly 43% of the market, which is almost entirely made up of fermented dairy 

products (Özer and Kirmaci, 2010). Furthermore, functional beverages are considered 

the most important fraction in this group (Rodriguez et al., 2012). 

Functional food acceptance varies across food categories and consumers will reject 

functional food products if they feel uncertain about the safety of the product (Falguera 

et al., 2012). Consumer acceptance is mainly related to taste, pleasure, security and 

especially to the degree of familiarity with the functional product (Annunziata and 

Vecchio, 2011), which may explain the interest that consumers experience respect of 

fermented milk such as yogurt. 

According to Saxelin et al. (2003) dairy products can be divided into three groups; basic 

milk products that includes classical dairy products (such as yogurt, cheese, butter, ice 

cream, etc), added-value products (such as low-lactose or lactose-free products, 
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enriched milk with Ca, vitamins, etc) and functional dairy foods which demonstrate 

health benefits beyond their basic nutritional value (health claims). 

1.1.2. Legislation of functional food: Directive 1924/2006/EC 

European legislation does not consider functional foods as a specific food category 

(Coppens et al., 2006), but as part of the food category regulated by the same 

legislation. 

In UE, rather than regulating the product group per se, legislative efforts are directed 

towards restricting the use of nutrition and health claims and tried to reach consensus on 

specific concepts of functional foods by using the science base that supports specific 

nutrients that positively affect physiological functions. The main reason of this action 

has been to protect consumer and promote the innovation of the industry. The Directive 

1924/2006/EC complements the general principles in Directive 2000/13/EC, which 

previously prohibits the use of information that would mislead the purchaser, and lay 

down specific provisions concerning the use of nutrition and health claims concerning 

foods to be delivered as such to the consumer.  

‘Health claim’ means any declaration that states, suggests or implies that there is a 

relationship between a food category, a food or one of its constituents and health 

(1924/2006/EC). Health claims are permitted if they are in accordance with the lists of 

authorised claims provided in Articles 13/5 and 14 (Figure 1.1). Claims under those 

articles are based on developed scientific evidence and for which authorization is 

required by EFSA on a case-by-case basis. 

 

Figure 1. 1. Health claims for functional foods (1924/2006/EC) 



Chapter 1                                                                                                                    Introduction 

 6 

Based on scientific information, EFSA has evaluated important number of declaration 

during the last years. As example EFSA refused that of the relation between the 

consumption of EPA and DHA and children’s brain development. However, declaration 

on the consumption of sterols from plants and the reduction of the cholesterol LDL or 

the relation between calcium and vitamin D and the children’s growth have been 

authorized. 

1.2. Antioxidants  

During the last decade, the use of antioxidants in food industry increased significantly 

(Franz.  2011). The worldwide market for antioxidants had a total volume of around 

0.88 million tonnes in 2007 with Asia accounting for 47% of consumption, followed by 

Europe at 24%, North America at 22% and the rest of the world at 6% (Additives for 

Polymers, 2008). And, the volume growth rate is predicted to increase 3.9% per year 

and the consumption is expected to increase to 1.25 million tonnes in 2016.  

On the other hand, antioxidants are very important since they were reported to contribute 

efficiently in preserving food from oxidative deterioration. Many foods are very sensitive 

for oxygen, which is responsible for the deterioration of many products either directly or 

indirectly (Souza Cruz et al., 2012). Among dietary lipids, fat rich in poly-unsaturated 

fatty acids (PUFAs) is the most susceptible to oxidation (Boroski et al., 2012) which 

affects food characteristics by producing modifications on their physico-chemical, 

nutritional and sensory properties (Boroski et al., 2012; Petit, 2009). Moreover, free 

radical-initiated autoxidation of PUFAs has been implicated in numerous human 

diseases, including atherosclerosis and cancer (Yin and Porter, 2005). 

Additionally, dietary fat can be significant contributors to the free radicals load in 

animals (Andrews et al., 2006) which can decrease performances and compromise 

immune response (Dibner et al., 1996). 

1.2.1. Definition and mechanism of action of antioxidants 

Halliwell and Gutteridge (2007) defined antioxidant as “any substance that delays, 

prevents or removes oxidative damage to a target molecule”. Antioxidants have been as 

well defined by Alamed et al., (2009) as a synthetic or natural compound that has the 

ability to slow lipid oxidation. Moreover, antioxidants are also known as free radical 

scavengers because they can prevent damages due to the reactive oxygen species (ROS) 

generation (Niki. 2011; Gordon. 2012).  
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From a chemical point of view, oxidants or free radicals are molecules capable to 

oxidize target compounds. Free radicals are defined as a collectively term that includes 

reactive oxygen species (ROS) and reactive nitrogen species (RNS) (Jain et al., 2013).  

The reactive oxygen species (ROS) are naturally generated in small amounts in the  

metabolic reactions  and can be overproduced under various environmental and stress 

conditions (Sies. 1997; Scandalios. 2005; Wang et al., 2012). Consequently antioxidants 

can initiate lipid peroxidation in foods, which leads to their deterioration (Miller et al., 

1993) and they can also induce oxidative stress in the body which is implicated in the 

etiology of many chronic and degenerative diseases (Prior and Wu, 2013).  

The mechanisms of defense against free radicals can be divided into several 

mechanisms; quenching oxidants, repairing/ removing oxidative damage or 

encapsulating non-repairable damage. Indeed, antioxidants may exert their effect by 

different mechanisms. The first line of defense is by interfering in the initial reaction 

that generate ROS through the scavenging for free oxygen molecules required to begin 

the production of ROS or by chelating oxidative elements that speed up oxidative 

processes, such as iron (Sgorlon et al., 2006). The second line of defense is by 

scavenging the active radicals in order to break the chain propagation reactions (Lobo et 

al., 2010). And the third streak of defense is the repair and de novo antioxidants 

(Lykkesfeldt and Svendsen, 2007).  

1.2.2. Classification of antioxidants 

Several classifications have been proposed; they attempted to take into account the 

nature (enzymatic or non-enzymatic), the chemical-physical properties (hydrophilic or 

lipophilic), the structure (flavonoids, polyphenols, etc.) and the mechanism (preventive, 

chain-breaking, etc.) (Vertuani et al., 2004). However, the most widely used is that 

based on the origin of the antioxidant (natural or synthetic). 

Synthetic antioxidants 

In the last decades, synthetics antioxidants have replaced natural antioxidants for a 

number of reasons, including low cost, high purity and constant activity (Decker et al., 

2010). And nowadays, even if in less proportion, they still exist for the same reasons 

(Table 1.1). 
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Table 1. 1. US and European antioxidants market by type, 2002±2006 

Year (% Sales value) 2002 2006 

Synthetics 
  

     BHA (butylated hydroxyanisole) 23.4 23.2 

     TBHQ (tertbutylhydroquinone) 11.2 11.1 

     BHT (butylated hydroxytoluene) 3.0 2.9 

     Propyl gallate 2.4 2.4 

     Total synthetics 40.0 39.6 

Naturals   

     Tocopherols 5.5 5.8 

     Ascorbates and erythorbates 42.6 42.2 

     Herb extracts 11.9 12.4 

     Total naturals 60.0 60.4 

Grand total 100.0 100.0 

Source: Decker et al. (2010) 

A variety of very effective synthetic antioxidants, such as BHT, butylated 

hydroxyanisole (BHA), tert-butylhydroxyquinone (TBHQ) and propyl gallate (PG) have 

been used widely in different food products. BHA, BHT, PG and TBHQ are all hydroxyl 

substituted phenols, and as such, act as radical scavengers by donating hydrogen atoms, 

thereby forming more stable phenoxy radicals that do not contribute to the lipid 

oxidation mechanism (Berdahl, et al., 2010).  

Natural antioxidants 

Natural antioxidants have been used in foods in the past for preservation associated with 

their antioxidant activity and nowadays there is a renewed interest in them, rather than 

in synthetic agents (Kindleysides et al., 2012).  

Natural antioxidants include dietary antioxidants, which are defined as any substance 

present in food that significantly decreases the adverse effect of reactive species (Jain et 

al., 2103). And, the use of the term “dietary oxidative stress” by Levander et al. (1995) 

confirms the excessive role that has been given to nutrition and to dietary antioxidants 

from scientists (Veskoukis et al., 2012). The addition of natural antioxidants increases 

the shelf life and reduces the environmental impact associated with nutritional losses in 

food products by inhibiting and delaying oxidation (Tsuda et al., 1994). Moreover, 

dietary antioxidants can protect human body from free radicals and retard the progress 

of many chronic diseases (Mathew et al., 2010). Many natural antioxidants have been 

described but vitamins and polyphenols can be considered the main important groups 

(Reboul et al., 2007). 
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1.2.3. Antioxidant as natural anti-inflammatory  

Inflammation is a process caused by many reasons; chronic inflammation is one of the 

main ways to develop degenerative diseases. Indeed, inflammation plays a key role in 

the physiology of arthritis, diabetes, heart disease, irritable bowel syndrome, 

Alzheimer’s disease, Parkinson’s disease, and many other illnesses (Nair et al. 2010).  

Moreover, clinical trials reveal that inflammation is a potential therapeutic target in 

cancer treatment (Coward et al., 2011, Fernandez et al., 2013).  

Many antioxidants have natural anti-inflammatory actions by interfering in the different 

metabolic pathways of the inflammatory process. Inflammation involves a portfolio of 

cellular and molecular components collectively referred to as inflammation mediators 

(Issa et al., 2006).  

1.2.4. Methods of analysis of the antioxidant and anti-

inflammatory activity 

During the oxidation process in food systems, where lipids, proteins and carbohydrates 

are the target molecules, different reactive oxygen species and different mechanisms are 

involved. Therefore, the evaluation through different antioxidant assays with different 

chemistry is very important. Measurements of antioxidant capacity have been developed 

to assess total antioxidants in fruits and vegetables and other dietary components and to 

provide another biomarker of oxidative stress in the form of plasma and tissue 

antioxidant capacity (Prior et al., 2003; Prior and We, 2013). These antioxidant capacity 

assays can be classified into two groups based on their principle mechanisms of reaction 

with free radicals: assays based on hydrogen atom transfer (HAT) reactions and assays 

based on electron transfer (ET) (Huang et al., 2005).  

Although anti-inflammatory activity is not a direct measurement of the antioxidant 

activity, it can give information on the oxidative process.  Numerous methods were used 

to measure the anti-inflammatory capacity such as the measurement of the inhibition of 

the pro-inflammatory cytokines (for example, tumor necrosis factor-α (TNF-α)) or the 

pro-inflammatory mediators (such as the cyclooxygenase 2 (COX2) and the inducible 

nitric oxide synthase (iNOS)). However, the measurement of the semicarbazide-

sensitive amine oxidase (SSAO) inhibitory activity is of special interest because as 

enzymatic based method it could be easily correlated with the antioxidant assays.  

 

https://www.google.es/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CDcQFjAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F19898857&ei=rqyQUq7tCcug7AaCx4CYBg&usg=AFQjCNFRMfB7B2NXQw9jTnXvKbJxfdN6DQ
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1.2.4.1. Electron transfer (ET) based assays 

The ET-based assays involve a redox reaction with the oxidant as an indicator of the 

reaction endpoint. These methods involve two components in the reaction, antioxidants 

and oxidant. And method is based on the following electron transfer reaction (Huang et 

al., 2005).  

Equation 1.1 

 

The probe itself is an oxidant that abstracts an electron from the antioxidant, produce 

colour changes of the probe. The degree of the colour change is proportional to the 

antioxidant concentration.  

Different methods are indicators of the antioxidant activity; the electron transfer ET-

based assays include: 1) the total phenols assay by Folin-Ciocalteu reagent (FCR), 2) 

the diphenyl-1-picrylhydrazyl (DPPH) assay, 3) Trolox equivalence antioxidant 

capacity (TEAC), 4) ferric ion reducing antioxidant power (FRAP), and 5) microsomal 

lipid peroxidation assay. The assays described forwards are the main used for the 

determination of antioxidant capacity on food samples.  

Total phenols assay by Folin-Ciocalteu reagent 

Total polyphenol content (TP) is a spectrophotometrical method based on the use of 

Folin–Ciocalteu’s reagent (FCR) in order to determine the amount of phenolic 

compounds present. The FCR measures the reducing capacity; the method is based on 

the reduction of phosphomolybdic-phosphotungstic acid. After the reaction, an increase 

absorbance is observed and measured spectrophotometrically between 550 nm and 750 

nm. The total phenolic content is expressed in mg of gallic acid per gram of dry weight 

extract (mg GAE/g DWE).  

Folin–Ciocalteu’s reagent (FCR) was initially used for the analysis of proteins taking 

advantage of the reagent’s activity toward protein tyrosine (containing a phenol group) 

residue. After that, it was extended by Singelton et al. (1999) to the analysis of total 

phenols mainly in wine. Although the Folin–Ciocalteu’s reagent is not specific for 

polyphenols, the total phenolic assay was reported to be a good indicator to evaluate 

phenols and estimate antioxidant activity (Escarpa and González, 2001; Singleton et al., 

1999). There is a very significant linear correlation between the “total phenolic profiles” 
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and “the antioxidant activity” because FCR is considered as an ET-based antioxidant 

capacity assay (Huang et al., 2005). 

DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging capacity assay 

DPPH assay is an easy and accurate method with regards to measuring the antioxidant 

capacity of several matrices such as beverages, fruits, vegetables and extracts (Huang et 

al., 2005; Sanchez-Moreno. 2002). However, the DPPH is long-lived nitrogen radical, 

which bears no similarity to the highly reactive and transient peroxyl radicals involved 

in lipid peroxidation. Therefore, many antioxidants that react quickly with peroxyl 

radicals may react slowly or may even be inert to DPPH. And, DPPH is not present in 

vivo but is quite stable, unlike radicals present in living organisms (Pérez-Jiménez et al., 

2008).  

The synthetic compound 2,2-diphenyl-1-picrylhydrazyl (DPPH˙, radical form) is one of 

a few stable and commercially available organic nitrogen radicals and has a UV-vis 

absorption maximum at 515 nm (Huang et al., 2005). DPPH is used as a redox probe for 

determining the free radical scavenging capacity of plant phenolic compounds (Apak et 

al., 2007). The concentration that causes a decrease in the initial DPPH concentration by 

50% is defined as EC50. 

Trolox equivalent antioxidant capacity assay (TEAC) 

The TEAC assay was firstly reported by Miller et al. (1993) and later modified by Re et 

al. (1999). For the oxidant, ABTS
•-
, is generated by persulfate oxidation of 2,2´-

azinobis(3- ethylbenzothiazoline-6-sulfonic acid) (ABTS
2-) 

(Huang et al., 2005). The 

method used is based on the capacity of a sample to inhibit the ABTS radical (ABTS
•+

) 

compared with Trolox as a reference antioxidant standard. 

TEAC assay has been broadly applied in assaying food samples (Huang et al., 2005). 

However, According to Pérez-Jiménez et al. (2008), ABTS is not present in vivo and the 

antioxidants, besides reacting with the radical to yield the original molecules, generate 

other compounds. 

The TEAC value is based on the ability of the antioxidant to scavenge the blue-green 

coloured ABTS
•+

 radical cation relative to the ABTS
•+

 radical cation scavenging ability 

of the water-soluble vitamin E analogue, Trolox. 
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1.2.4.2. Hydrogen atom transfer (HAT) based assays 

The HAT-based assays quantify hydrogen atom donating capacity. Most HAT-based 

assays monitor competitive reaction kinetics, and the quantitation is derived from the 

kinetic curves. HAT-based methods generally have the following components: (a) an 

azo radical initiator, normally AAPH; (b) a molecular probe (UV or fluorescence) for 

monitoring reaction progress; (c) antioxidant; and (d) reaction kinetic parameters 

collected for antioxidant capacity quantitation (Huang et al., 2005). Hydrogen atom 

transfer (HAT) assays include: 1) oxygen radical absorbance capacity (ORAC), 2) total 

radical trapping antioxidant parameter (TRAP) assay, 3) crocin bleaching assay, 4) β-

Carotene bleaching assay, and 5) inhibition of induced low-density lipoprotein 

autoxidation.  

ORAC assay is the most widely used HAT-based antioxidant capacity assay. ORAC is 

considered particularly biologically relevant since use the peroxyl radical, which is the 

most common radical found in biological systems. Moreover, ORAC assay has found 

even broader application than TEAC and DPPH assays for measuring the antioxidant of 

botanical and biological samples (Huang et al., 2005). However, the fact that the 

procedure to generate peroxyl radicals is not physiological and that protein may have an 

interfering effect represent the limitation of this method (Pérez-Jiménez et al., 2008). 

The ORAC assay used fluorescein (FL) (3´,6´-dihydroxyspiro[isobenzofuran-1[3H], 

9´[9H]- xanthen]- 3-one) as a synthetic non protein probe (Ou et al., 2002). The 

fluorescence decay of FL is an indication of damage from its reaction with the peroxyl 

radical. Antioxidants protects the fluorescent probe from the damaging effect of peroxyl 

radical generated by radical generator eg., 2,2_-azobis (2-amidinopropane) 

dihydrochloride (AAPH). ORAC assay measures the extent of protection of the 

fluorescent probe by the antioxidants against the radicals generated in the reaction. 

1.2.4.3. The hypothetical concept of relative antioxidant capacity index 

In many cases, it is very difficult to compare results of antioxidant activity obtained 

from different methodologies (Frankel and meyer, 2000) because the antioxidant 

activity measured by an individual assay reflects only the chemical reactivity under the 

specific conditions applied in that assay and it is inappropriate and misleading to 

generalize the data as indicators of “total antioxidant activity” (Huang et al., 2005). 

Therefore, Sun and Tanumihardjo (2007) proposed a new concept, RACI, from the 

perspective of statistics by integrating the food antioxidant capacity data determined by 
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several methods in order to compare the food antioxidant capacity derived from 

different chemical methods. The best proposed idea is to transform the values of 

antioxidant into standard scores. In statistics, a standard score (also called z- or normal 

score) is a dimensionless quantity derived by subtracting the mean from the raw data 

divided by the standard deviation (Sharma. 1996; Sun and Tanumihardjo, 2007). 

1.2.4.4. The assay of the semicarbazide-sensitive amine oxidase (SSAO) 

inhibitory activity  

The oxidative deamination of endogenous and exogenous amines in mammals is 

catalyzed by a number of oxidases (Blaschko et al., 1958). Semicarbazide-sensitive 

amine oxidase (SSAO) encodes a wide family of enzymes named E.C.1.4.3.6 

[amine:oxygen oxidoreductase (deaminating) (copper containing)]. SSAO catalyses the 

oxidative deamination of primary aromatic and aliphatic amines. Its catalytic action 

requires oxygen and generates ammonia, hydrogen peroxide (H2O2) and the 

corresponding aldehyde (Hernandez et al., 2005). All these enzymes are inhibited by 

semicarbazide (Lewinsohn. 1984; Precious and Lyles, 1988). 

The physiological function of SSAO is not clear, but it was reported that SSAO is 

implicated in different pathways and plays important roles in the plurimetabolic 

syndrome (Boomsma et al., 2000). Although SSAO has been mostly regarded as being 

involved in the detoxification of amines, the products of the reaction (hydrogen 

peroxide (H2O2), formaldehyde and methylglyoxal) are more toxic than the amine 

substrates themselves (Lyles. 1996) and it also has been reported to lead the increase of 

oxidative stress, protein cross-linkage and cytotoxicity (Yu and Deng, 2000). The SSAO 

inhibitory activity is generally performed by measuring the H2O2 released from the 

conversion of benzylamine to benzaldehyde via SSAO. 

1.3. Marjoram (Thymus mastichina L.) 

1.3.1. The taxonomic aspects 

Marjoram Thymus mastichina L. belongs to the genus Thymus which is one of the most 

important genera of the Lamiaceae family (Morales. 2005). The species of Thymus 

genus are herbaceous perennial shrubs, well identified as aromatic and medicinal plants 

(Amiri. 2012; Jia et al., 2010). 

T. mastichina is endemic from the central Iberian Peninsula in Spain, except in East 

region, Cataluña and Aragón (Delgado et al., 2014; Morales. 2005). It‘s a specie widely 

http://en.wikipedia.org/wiki/Lamiaceae
http://en.wikipedia.org/wiki/Endemism
http://en.wikipedia.org/wiki/Iberian_Peninsula
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distributed along the peninsula with an excellent adaptation to numerous ecological 

ecosystems (Blanco. 2007). 

Plant morphology 

According to Blanco (2007), T. mastichina is a perennial subshrub, up to 80 centimeters 

in length, erect and branched. Villous stems with retrorse hairs in all the four sides. Not 

over-wintering leaves, flat, stalked, elliptical to lanceolate, without cilium at the base, 

with yellow spherical glands; fasciculate over-wintering leaves, smaller, densely villous 

with very short hair and ashy appearance; those of the stem of the year, older, 

glabrescent, green, and entire or sometimes with crenate edges. Inflorescence in dense 

verticillastrate, up to 20 mm in diameter; the superiors, spiciform; the inferiors, usually 

globose, pedunculated or sub-sessile; equipped with bracts, usually ovate, not coloured, 

more or less villous with spherical glands. 

The flowers have a goblet of 2.7-7.4 mm in length, villous, with long hairs, teeth 

usually ciliate (cilium up to 0,5 mm), the top of 2,5-4 mm and the bottom of 3,5-4,5 

mm, totally covered by yellow spherical glands. The corolla is up to 12 mm in length, 

with a 5-8 mm tube; inferior lip with sub-equal three lobules; superior lip erect with 

short lobules and spherical white glands. Stamens, exserted with filaments up to 17 mm 

and white anthers up to 2 mm. Carpels up to 1 mm, globose with dark brown colour. 

2n= 56, 58, 60. The florescence usually occurs from May to July but occasionally some 

specimens are found in April, August and September. 

Ecology 

T. mastichina growths in very different type of soils, and the texture or soil structure 

don’t alter it (Blanco. 2007). However, it tends to prefer siliceous and decarbonised 

soils (Sánchez-Gómez et al., 2004). According to Blanco (2007), it can be found in 

stony mountains, in limestone crags and more frequently in areas of slate and quartzite, 

even if it has preference for more or less sandy soils. As regards climate, it withstands 

temperatures above 45 °C and is capable of surviving in snowy places. The regime of 

annual precipitation that supports ranges from 300 mm to over 1000 mm. The areas that 

occupies in altitude vary greatly, it can be found below the 200 MSL and up to more 

than 1500 MSL. 
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Ethnobotany 

According to Grieve (1931), ancient Egyptians used thyme for embalming and ancient 

Greeks used it in their baths and burnt it as incense in their temples, believing it was a 

source of courage. The spread of thyme throughout Europe was thought to be due to 

the Romans, as they used it to purify their rooms and to "give an aromatic flavour to 

cheese and liqueurs". In traditional medicine, leaves and flowering parts of Thymus 

species were widely used as tonic and herbal tea, antiseptic, antitussive, and carminative 

as well as treating colds (Amiri. 2012). Thymus oils and extracts were widely used in 

pharmaceutical, cosmetic, and perfume industry, also for flavouring and preservation of 

several food products (Bauer et al., 1997). 

T. mastichina was used traditionally in food preparations and was also used to make tea 

for stomach disease (Bento et al., 2006). According to Blanco (2007), above all, T. 

mastichina has been used since ancient times to aromatize, preserve, and facilitate the 

digestion of food because of it high concentration in essential oil.  

1.3.2. Composition of marjoram plant 

T. mastichina is an aromatic and medicinal plant principally characterized by its content 

in essential oils and phenolic compounds. The main components in the essential oil of 

T. mastichina are 1,8-cineole (30-68%) and linalol (3-48%), both are important 

compounds with therapeutic properties. These therapeutic properties include antiseptic, 

antispasmodic, anti-carcinogenic, digestive, diuretic and many other properties 

(Sengupta and Bhattacharjee, 2009). 

Phenolic compounds are present in all parts of the plants such as seeds, leaves and roots 

and are one of the most important natural antioxidants (Pratt and Hudson, 1990).  

Phenolic compounds have, as a common characteristic, the presence of at least one 

aromatic ring hydroxyl-substituted (Morton et al., 2000). Another characteristic of these 

compounds substances is that they are presented commonly bound to other molecules, 

frequently to sugars (glycosyl residue) and proteins. The existence of phenolic 

compounds in free form also occurs in plant tissues. However, it is less common, 

possibly because they are toxic when present in the free state and detoxified, at least in 

part, when bound (Reis Giada. 2013).   

According to their distribution in nature, phenolic compounds can be divided into three 

classes: shortly distributed (as simple phenols, pyrocatechol, hydroquinone, resorcinol, 

http://en.wikipedia.org/wiki/Thyme#cite_note-Maud-1
http://en.wikipedia.org/wiki/Ancient_Egypt
http://en.wikipedia.org/wiki/Embalming
http://en.wikipedia.org/wiki/Ancient_Greece
http://en.wikipedia.org/wiki/Ancient_Greece
http://en.wikipedia.org/wiki/Incense
http://en.wikipedia.org/wiki/Courage
http://en.wikipedia.org/wiki/Ancient_Rome
http://www.intechopen.com/books/oxidative-stress-and-chronic-degenerative-diseases-a-role-for-antioxidants/food-phenolic-compounds-main-classes-sources-and-their-antioxidant-power


Chapter 1                                                                                                                    Introduction 

 16 

aldehydes derived from benzoic acids that are components of essential oils, such as 

vanillin), widely distributed (divided in flavonoids and their derivatives, coumarins and 

phenolic acids, such as benzoic and cinnamic acid and their derivatives) 

and polymers (tannin and lignin) (Bravo. 1998). Flavonoids constitute the largest group 

of plant phenolics, accounting for over half of the eight thousand naturally occurring 

phenolic compounds (Harborne. 1999).  

Phenolic compounds may also be classified according to their  location in the plant (free 

in the soluble fraction of cell or bound to compounds of cell wall) together with their 

chemical structure as: soluble compounds (such as simple phenol, flavonoids and 

tannins of low and medium molecular weight not bound to membranes compounds) 

and insoluble compounds (essentially constituted by condensed tannins, phenolic acids 

and other phenolic compounds of low molecular weight bound to cell wall 

polysaccharides or proteins forming insoluble stable complexes). This classification is 

useful from the nutritional point of view, to the extent that the metabolic fate in the 

gastrointestinal tract and the physiological effects of each group will depend largely on 

their solubility characteristics. Insoluble phenolic compounds are not digested and may 

be partially or fully recovered quantitatively in the feces, while a part of the soluble can 

cross the intestinal barrier and be found in the blood, unchanged or as metabolites 

(Sánchez-Moreno. 2002).  

The antioxidant activity of phenolic compounds depends mostly on their chemical 

structure (Scalbert and Williamson, 2000). Phenolic compounds may act by offering an 

hydrogen atom and an electron to free radicals which convert them into relatively 

harmless free radicals (Veskoukis et al., 2012). Furthermore, they act as metal chelators, 

mainly Fe and Cu, thus not allowing them to initiate Fenton and Haber–Weiss reactions 

(Nijveldt et al., 2001). And, among phenolic compounds, flavonoids are the most potent 

antioxidants from plants. However, their effectiveness decreases with the substitution of 

hydroxyl groups for sugars, being the glycosides less antioxidants than their 

corresponding aglycons (Rice-Evans et al., 1996). 

 Polyphenols are reported to exert a variety of valuable bioactivities including anti-

inflammatory properties (Bakker et al., 2010, Nair et al., 2010; Siriwardhana et al., 

2013). Investigations into the mechanism of action of polyphenols have shown that 

these molecules modulate cellular signaling processes during inflammation or may 

themselves serve as signaling agents (Rahman. 2007).  
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Flavonoids may counteract oxidative stress-induced endothelial dysfunction and platelet 

aggregation, which are the main causes of cardiovascular disease (Rahman. 2007; 

Dashwood. 2007). Furthermore, they play an important role in reducing the 

development of atherosclerotic plaque formation (Pandey and Rizvi, 2009), the risk of 

neurodegenerative disease (Dashwood. 2007; Vauzour et al., 2010) and the risk of 

coronary mortality (Mink et al., 2007). Besides, current research regardless cancer 

prevention has shown that flavonoids may interrupt various stages of the cancer process 

(Mitjavila and Moreno, 2012; Chahar et al., 2011). And among flavonoids, the dietary 

intake of quercetin was reported to be associated with lower coronary heart disease 

mortality due to the reduction on the systolic, diastolic and mean arterial pressures with 

protective effect regardless cardiovascular risks (Russo et al., 2012). 

In the past, studies were carried out on various species of Thymus but little is known as 

regards T. mastichina (Blanco. 2007). Indeed, T. mastichina is scarcely studied despite 

of its crop growing potential, sustainability and profitability as source of antioxidant 

compounds that can give an add value to the products without additional costs for the 

farmers.  

Studies carried out by Nieto et al. (2010, 2011) demonstrated the antioxidant effect of 

Thymus zygis and gracilis, included in ewes’ diet on fresh lamb meat and cooked lamb 

meat without any detrimental effect on animal metabolism. Recently, T. mastichina 

starts to arouse interest because of the therapeutic properties of their essential oils 

(Miguel et al., 2004; Delgado et al., 2014), herbs and spices (Albano and Miguel, 

2011). But, data still is very scarce concerning the whole plant.  

1.4. Canola (Brassica napus L.) 

1.4.1. Taxonomic aspects 

Canola (B. napus L.) is an ancient crop plant that belongs to the Cruciferae 

(Brassicaceae) family, also known as the mustard family. Canola was bred naturally 

from rapeseed at the University of Manitoba, Canada, in the early 1970s and had a 

different nutritional profile in comparison with rapeseed. Rapeseed was characterized 

by its high content in toxic or undesirable factors such as glucosinolates which were 

considered as sharp-tasting compounds and consequently not particularly appealing to 

livestock (Mazhari et al., 2009; Bell. 1983). For those reasons, the use of canola seed as 

substitute of rapeseed was encouraged due to its low level of glucosinolates further to its 

http://en.wikipedia.org/wiki/University_of_Manitoba
http://en.wikipedia.org/wiki/Canada
http://en.wikipedia.org/wiki/Glucosinolate
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low content in erucic acid (monounsaturated omega-9 fatty acid), which was related to 

heart cardiopathogenic effects (Bellenand et al., 1980). Canola is generally referred to 

as Rapeseed 00 or Double Zero to denote both low glucosinolates and low erucic acid.  

Plant morphology 

B. napus L. belongs to the cruciferae family, and this name crucifer comes from the 

shape of flowers, with four diagonally opposite petals in the form of a 

cross. B. napus has dark bluish green foliage, glaucous, smooth, or with a few scattered 

hairs near the margins, and partially clasping. The stems are well branched, although the 

degree of branching depends on variety and environmental conditions; branches 

originate in the axils of the highest leaves on the stem, and each terminates in an 

inflorescence. The inflorescence is an elongated raceme, the flowers are yellow, 

clustered at the top but not higher than the terminal buds, and open upwards from the 

base of the raceme. 

Ecology 

The oleiferous B. napus, a cool-season crop, is widely adapted, and performs well in a 

range of soil conditions, providing that moisture and fertility levels are adequate. Air 

and soil temperatures influence canola plant growth and productivity. The optimum 

temperature for maximal growth and development is just over 20°C, and it is best grown 

between 12°C and 30°C. After emergence, seedlings prefer relatively cool temperatures 

up to flowering; high temperatures at flowering will hasten the plant's development, 

reducing the time from flowering to maturity. Weeds can be one of the most limiting 

parameters in rapeseed production and must be controlled early to avoid yield loss due 

to competition. Moreover, oilseed rape should not be grown on the same field more 

often than once every four years, to prevent the buildup of diseases, insects, and weeds.  

1.4.2. Composition of canola seed 

Typically canola seed contains a minimum of 35% protein at 13% moisture and has an 

oil content ranging from 35 to 45% (but can fall outside this range depending upon 

variety and environmental factors) (Raymer. 2002). Canola seed is a source of lipids 

and has generally high content in unsaturated fatty acids and low content in saturated 

fatty acids. 

The lipids can be classed as simple lipids, compound lipids and derived lipids. Simple 

lipids are the esters of fatty acids with various alcohols. The compound lipids are the 

http://en.wikipedia.org/wiki/Erucic_acid
http://en.wikipedia.org/wiki/Monounsaturated_fat
http://en.wikipedia.org/wiki/Omega-9_fatty_acid
http://en.wikipedia.org/wiki/Fatty_acid
http://en.wikipedia.org/wiki/Erucic_acid
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esters of fatty acids and alcohols and possess additional groups (non-lipid substances) 

such as phospholipids and glycolipids. And, the derived lipids result from hydrolysis or 

enzymatic breakdown of simple and compound lipids and include fatty acids, 

monoglycerides and diglycerides etc. A fatty acid is a carboxylic acid with a 

long aliphatic tail (chain), which is either saturated or unsaturated. Fatty acids that 

have carbon–carbon double bonds are known as unsaturated and those without double 

bonds are known as saturated. CLA is a term that refers to a mixture of positional and 

geometric isomers of linoleic acid with 2 conjugated double bonds in four geometric 

forms (cis/trans, trans/cis, cis/cis or trans/trans) located at various positions of the 

carbon chain (De La Torre et al., 2005). 

During the last years, the main emphasis in public health has been the reduction in total 

dietary fat and the replacement of dietary saturated fatty acids (SFAs) and trans fat with 

polyunsaturated fatty acids (PUFA) in order to decrease risks of degenerative diseases 

such as cardiovascular and coronary heart pathologies (Erkkilä et al., 2008; Parodi. 

2005). Both polyunsaturated fatty acids, n-6 and n-3 PUFA, have been reported, 

separately, to be pro-inflammatory, pro-thrombotic, to have anti-arrhythmic effects and 

are associated with lower incidences of degenerative diseases (Christen et al., 2013; 

Erkkilä et al., 2008; Guesnet et al., 2005; Zampatti. 2013). However, an excess of 

omega-6 fatty acids (linoleic acid and arachidonic acid) and a deficiency of omega-3 

fatty acids may be involved in the development of numerous diseases (Seaman. 2002). 

Moreover, growing evidence suggests that conjugated linoleic acid (CLA), which is 

principally derived from ruminant products, has numerous potential health benefits 

(Bhattacharyaa et al., 2006). Results, over the last decade and mainly from animal 

models and in vitro studies, have shown CLA to be anticarcinogenic. It was reported to 

be effective with mouse skin carcinogenesis, mouse stomach tumorigenesis, and rat 

mammary tumorigenesis (Belbury. 1995). It seems to act in a dose dependent manner as 

demonstrated in vitro with breast cancer cells (Shultz et al. 1992), and in vivo with 

chemically induced mammary tumors in rats (Ip et al., 1994). Ip et al. (1999) found that 

butter enriched in CLA, by including sunflower oil in the diet of dairy cows, was able to 

inhibit rat mammary tumor yield by 53%. Moreover, other researches indicate that CLA 

may have other physiological effects such as a role in reducing atherosclerosis (Lee et 

al., 1994; Nicolosi et al., 1997; McLeod et al., 2004) and in the treatment of diabetes 

(Houseknecht et al., 1998).  

http://en.wikipedia.org/wiki/Carboxylic_acid
http://en.wikipedia.org/wiki/Aliphatic
http://en.wikipedia.org/wiki/Chain
http://en.wikipedia.org/wiki/Saturation_(chemistry)
http://en.wikipedia.org/wiki/Unsaturated_compound
http://en.wikipedia.org/wiki/Carbon%E2%80%93carbon_double_bond
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Most of the studies on canola were carried out in dairy cows (Chichlowski et al., 2005; 

Delbecchi et al., 2001; Neves et al., 2009) and less information was available as regards 

dairy sheep. Further to its low content in erucic acid which made the diet more healthy, 

the inclusion canola in dairy cow’s diet was reported to increase the levels of desirable 

monounsaturated and polyunsaturated fatty acids in the milk (Komprda et al., 2005) 

and could also be responsible of an increase in the milk trans-18:1 concentration greater 

than other oilseed supplements rich in PUFA (Glasser et al., 2008).  

1.5. Effect of diet on animal performance and milk 

composition 

1.5.1. Dietary antioxidant 

Intensive research is being carried out on the extraction, characterization and utilization 

of natural plant with antioxidant properties. According to Greathead (2003) the most 

efficient method to take advantage of the bioactive compounds present in natural plants 

would be to grow the relevant plants in fields and then let the animals graze them in a 

controlled manner, assuming they are palatable. However, the problem would be the no-

control on dosage of the secondary plant metabolites content due to the harvest variation 

(Greathead. 2003). Therefore, a solution could be the incorporation of the whole plant 

as additive or as part of the animal diet, which will permit the control of the intake 

without additional costs. Furthermore it’s already known that phenolic compounds are 

widely distributed in plants (Bennett and Wallsgrove, 1994; Hyder et al., 2002), which 

makes the use of the whole plant an interesting way to take benefit from the phenolic 

compounds distributed in the different parts of the plant. However, according to Jouany 

and Morgavi (2007) the practical limitation for the continued use of the whole plant as 

supplement is the extreme variation in the quality and the quantity of the phenolic 

compounds offered due to changes such as vegetative stages and environmental 

conditions. Moreover, bioactive ingredients can lose their antioxidant properties during 

storage. 

Many studies has been carry out in the inclusion of essential oils and phenolic 

compounds from plant. However, few studies have investigated the effect of the 

inclusion of dietary phenolic compounds through the inclusion of the whole plants in on 

animal diet. 

http://www.sciencedirect.com/science/article/pii/S0022030205729908
http://en.wikipedia.org/wiki/Erucic_acid
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 It has been reported that feeding cattle a gossypol diet rich in phenols, increased milk 

yield, fat content and non-casein nitrogen content (Blauwiekel et al., 1997). It has also 

been shown that providing a moderate source of proanthocyanidins in the diet of sheep, 

by supplementing feed with Lotus corniculatus (birdsfoot trefoil), increased the yield of 

milk, protein and lactose (Wang et al., 1996). It was suggested that the increased yield 

of protein and milk may be related to the fact that in the reticulorumen (which has a pH 

of 6.0–7.0), phenolic compounds interact with proteins, thereby inhibiting the utilization 

of protein in the rumen by indigenous micro-organisms (it has been estimated that the 

reticulorumen microflora degrade up to 75% of ingested protein, Figure 1.2) but once 

the phenol–undegradable protein complex passes into the abomasums (pH 2.5–3.5), the 

complex breaks down and the released protein is degraded and utilized by the ruminant 

(Wilkins and Jones, 2000; O’Connell and Fox, 2001). It has also been shown that 

phenols reduce the incidence of subclinical helminth infections in ruminants, and in so 

doing increase milk yield and protein utilization.  

 

Figure 1. 2. Degradation of protein (adapted from Jayawardena. 2000) 

However, other studies have showed that the supplementation of dairy cattle feed with 

concentration of 20% of decaffeinated tea waste, which has a high content of 

polyphenols, did not show any effect on milk yield or quality (Konwar et al., 1990). 

Kim et al. (2001) and Ko et al. (2006) observed that the digestibility of nutrient (crude 

protein and crude fiber) increased with the addition of dried wormwood (Artemisia sp.) 

on sheep diet. Kim et al. (2001) also reported a significant increase in intestinal 
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bifidobacteria and a decrease in clostridia and E. coli. Moreover, recent research carried 

out by Hristov et al. (2013) in lactating dairy cows, using leaf material from Origanum 

vulgare L. as single dose, did not affect negatively rumen fermentation, total-tract 

apparent digestibility of dietary nutrients, milk yield and composition. And, by using 

aromatic plant extracts, Chiofalo et al. (2012) report that ewes, fed high dose of 

rosemary extract, yielded more milk than those of the control group. Moreover, the 

supplementation increased significantly the daily milk production of fat, protein, casein 

and lactose. The protein, casein and lactose yield followed the linear increment of milk 

yield as rosemary extract supplementation increased.  

1.5.2. Dietary fat 

Fat is an important energy component in the diet of ruminants (Bauman et al., 2003). 

Moreover, it becomes a common practice to increase the fat content and to change the 

fatty acid composition of milk (Chilliard et al., 2007; Shingfield et al., 2008).  

Lipid digestion in ruminants is unique because feed lipids are placed into a hydrolytic 

and reductive environment after the ingestion process; the glycerol from triacylglycerols 

and phospholipids are fermented to volatile fatty acids and the unsaturated fatty acids 

are hydrogenated to mostly saturated fatty acids (Nafikov and Beitz, 2007). 

The pathways of the ruminal biohydrogenation process in the rumen are the principal 

factors affecting the passage of fatty acids from the diet to the milk. The pathways of 

biohydrogenation of the major dietary polyunsaturated fatty acids (PUFA); linoleic acid 

(18:2n-6) and linolenic (18:3n-3) acids, as reported by Kim et al. (2009), were 

established in classical studies conducted during the 1960s through to 1980s and were 

reviewed by Palmquist et al. (2005), Bauman and Lock (2006) and Jenkins et al. (2008). 

When dietary lipids enter the rumen, two important steps occur in the lipid metabolism; 

the initial step is the hydrolysis of the ester linkages in triglycerides, phospholipids, and 

glycolipids and the second is the biohydrogenation process of the unsaturated fatty acids 

which is the major transformation that dietary lipids can undergo in the rumen (Baumon 

et al., 2003) as shown in the Figure 1.3. 

The first stage of the biohydrogenation pathway involves an isomerisation reaction that 

converts the cis-12 double bond of the linoleic acid to a trans-11 isomer. The next stage 

is the hydrogenation of the cis-9 double bond, by a microbial reductase, with the 

formation of trans-11 fatty acid. And, the final step is a further hydrogenation of the 

http://jn.nutrition.org/search?author1=Rafael+A.+Nafikov&sortspec=date&submit=Submit
http://jn.nutrition.org/search?author1=Donald+C.+Beitz&sortspec=date&submit=Submit
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trans-11 double bond producing the stearic acid (linoleic and linolenic acid pathways) 

or the trans-15 18:1 (linolenic acid pathway) (Harfoot and Hazlewood, 1997; Bauman 

et al., 2003). 

The two predominant isomers of CLA are cis-9, trans-11 (namely rumenic acid, RA) 

and trans-10, cis-12, with RA being the most abundant (~75 to 90%) (Kim et al., 2009). 

The CLA found in ruminant milk appears to originate either directly from the rumen or 

by tissue desaturation of rumen-derived trans-11 C18:1 (namely vaccenic acid, VA) 

(Bauman et al., 1999). However,  little cis-9, trans-11 CLA accumulates in the rumen 

and the majority of milk CLA is derived from vaccenic acid  in the mammary gland by 

the action of delta-9 -desaturase (Griinari et al., 2000).  

cis-9, cis-12-18:2 (linoleic acid) 

Alternate trans- C18:1
(trans-10 C18:1)

18 :0 (stearic acid)18 :0 (stearic acid)

Alternate CLA isomer 
(trans-10, cis-12 CLA)

cis-9, trans-11-18:2  (CLA) 

trans-11-18 :1 

Altered pathway

cis-15 and trans-15-18 :1 

18 :0 (stearic acid)

trans-11, cis-15-18 :2

cis-9, trans-11, cis-15-18 :3

cis-9, cis-12, cis-15-18 :3 (linolenic acid)

trans-11-18 :1

Diet

Figure 1. 3. Biohydrogenation pathways and altered biohydrogenation pathway of 

linoleic acid and linolenic acid in the rumen (adapted from Harfoot and Hazlewood, 

1997 and Harvatine et al., 2009) 

Shingfield et al. (2008) demonstrated that the major pathway of ruminal linoleic acid 

biohydrogenation involves the formation of vaccenic acid as an intermediate metabolite. 

However, trans-10 C18:1 could be also obtained by an alternative biohydrogenation 

pathway from trans-10, cis-12 C18:2 (Griinari et al., 1998, Figure 1.3). And, the 

increase of the concentration of this intermediate in milk fat is generally attributed to 

alterations in the rumen environmental conditions as a result of dietary changes 

(Bauman and Griinari, 2001; Chilliard and Ferlay, 2004; Palmquist et al., 2005). 
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The responses to lipid supplements differ between species (Chilliard et al., 2003; Pulina 

et al., 2006) and even among small ruminants (Sanz-Sampelayo et al., 2007; Tsiplakou 

and Zervas, 2008). Authors reported the effect of fat supplementation on milk yield, 

composition and fatty acid profile in dairy cows (Glasser et al., 2008). However, few 

data are available for dairy sheep, but recently; new researches showed that lipid 

supplementation in dairy ewe diets could be an effective nutritional strategy for 

improving the milk production and composition as well as some specific fatty acid 

profile. 

The incorporation of free oils in cow’s diets has proved to be an efficient procedure for 

increasing CLA content in milk (Glasser et al., 2008) showing better results than diets 

with whole seeds (Chilliard et al., 2009; Doreau et al., 2009). But, the use of high doses 

was frequently discouraged (Garnsworthy. 1997; Palmquist et al., 2005) because it can 

interfere with microbial fermentation in the rumen and might consequently affect the 

production and the composition of milk (Jenkins and McGuire, 2006). Indeed, whereas 

oils in free form tend to depress milk fat percentage, supplementation with oilseeds 

maintains or increases milk fat content (Glasser et al., 2008). The reason could be 

associated to oilseeds are generally accepted to provide some level of rumen protection 

from biohydrogenation due to the nature of their outer seed coats (Jenkins and McGuire, 

2006) and also because oil in seeds may have been released slowly during ruminal 

digestion, possibly reducing the accumulation and amount of C18:1 trans fatty acids 

leaving the rumen, thus reducing the potential for milk fat depression (Gómez-Cortés et 

al., 2008a). However, in dairy ewes, recent studies, has shown that diets highly 

supplemented with vegetal oils modified the FA profile in dairy ewes (Gómez-Cortés et 

al., 2011a,b; Bodas et al., 2010 ) with no detrimental effects on animal performance 

(Gómez-Cortés et al., 2008a; Hervas et al., 2008; Castro et al., 2009). And, this may be 

the reason why there is more studies carried out with oilseeds in cows than in ewes. 

Another reason for the discrepancy between cows and ewes might be related to 

differences in lipid metabolism among ruminant species (Chilliard et al., 2003; 

Reynolds et al., 2006) or to the ability of ewes to ruminate and have normal rumen 

function, even when fed finely ground diets that cause rumen acidosis in cows (Pulina et 

al., 2006).  

Also the limited use of oilseeds in dairy sheep diets is the fact that the results with 

vegetal oils are better than those with oilseed supplementation. Indeed, Zhang et al. 
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(2006b) reported an increase in VA and RA levels with sunflower seed but it was lower 

than that observed with sunflower oil by Hervas et al. (2008). And, the same pattern 

was observed with linseed administrated as seed or as oil by Gómez-Cortés et al. (2009) 

and Bodas et al. (2010).  

In dairy sheep, oilseed supplementations induce changes in milk yield and in the major 

milk constituents (Table 1.2). Variations in milk yield depend on the diet composition. 

Indeed, Mughetti et al. (2012) reported an increase with an incorporation of 10% of 

extruded linseed and a decrease when the level was doubled. According to Sarrazin et 

al., (2004) moderate levels of fat inclusion in the diet may increase milk yield by 

improving feed efficiency, while higher inclusion levels may reduce feed intake (Petit et 

al., 2004) and milk yield by depressing ruminal function (Gonthier et al., 2005). 

However, this pattern was different with flaxseed, where the highest level of 

supplementation (26%) induces the highest milk yield in comparison with the other 

levels of supplementation (9 and 18%) (Zhang et al., 2006a).  

Different authors have reported results regarding milk fat content; decrease (Luna et al., 

2005), increase (Zhang et al., 2006b) or no difference (Mughetti et al., 2012). 

Moreover, Zhang et al. (2006a) observed that oilseeds with high ruminal degradability 

(e.g., sunflower seed) might have more detrimental impacts on milk fat proportion than 

oilseeds with relatively low ruminal degradability (e.g., flaxseed). For protein content, 

Zhang et al. (2006b) observed a decrease while other authors reported no changes 

(Zhang et al., 2006a; Gómez-Cortés et al., 2009; Mughetti et al., 2012) with oilseeds 

administration. The fatty acid composition of milk fat was as well affected by the 

dietary oilseed supplementations. The concentrations of short-chain fatty acids 

decreased (Zhang et al., 2006a,b; Mughetti et al., 2012), while the total PUFA increased 

(Zhang et al., 2006a,b; Mughetti et al., 2012).  

The CLA content was positively influenced by the oilseeds supplementation. The 

differences in CLA level is mainly attributed to differences in trans-11 C18:1 level, 

which is the main precursor of CLA in the rumen (Zhang et al., 2006a; Gómez-Cortés et 

al., 2009). However, the differences in CLA concentrations in the study carried out by 

Zhang et al. (2006b) was as well associated with the  levels of C18: 2 in the diet, with 

the CLA being an intermediate product in the biohydrogenation process of C18:2. 
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 Table 1. 2. Effect of the inclusion of oilseeds in the diet of dairy sheep on milk yield, composition and fatty acids profile 

 

1
 short chain fatty acids: (C4:0-C12:0); 

2
 Poly-unsaturated fatty acids; 

3
 Vaccenic acid: trans-11 C18:1; 

4
 Rumenic acid: cis-9 trans 11 

Reference Plant seeds Rate of 

inclusion 

Milk yield 

(g/d) 

Chemical composition 

of milk (%) 

Fatty acid composition of milk (g/100g of total fatty acids) 

Fat content Protein 

content 

SCFA
1
 

 

PUFA
2
 Trans 10 

C18:1 

VA
3
 RA

4
 

Gómez-Cortés et al. 2009  Control 

Low extruded linseed 

High extruded linseed 

0% 

6% 

12% 

534
 b
 

910
 a
 

824 
a
 

6,51
 a
 

6,10
 a
 

6,12
 a
 

5,89
 a
 

5,38
 a
 

5,36
 a
 

21,43 

18,43 

16,62 

- 

- 

- 

0,53
 a
 

0,53
 a
 

0,5
 a
 

1,55
 c
 

3,7
 b
 

5,76
 a
 

0,73
 c
 

1,35 
b
 

2,33
 a
 

Zhang et al. 2006a Control  

Flaxseed 

Flaxseed 

Flaxseed 

0% 

9% 

18% 

26% 

816
 b
 

848
 ab

 

844
 ab

 

868
 a
 

7,54
 b
 

7,78
 b
 

8,62
 a
 

8,5
 a
 

6,39
 a
 

6,5
 a
 

6,6
 a
 

6,29
 a
 

22,4
 a
 

21,8
 b
 

19,8
 b
 

18,9
 b
 

8,4
 c
 

9,5
 b
 

9,7
 b
 

11,8
 a
 

- 

- 

- 

- 

2,3
 d
 

3
 c
 

3,8
 b
 

4,2
 a
 

1,1
 d
 

1,2
 c
 

1,3
 b
 

1,9
 a
 

Zhang et al. 2006b Control 

Flaxseed 

Sunflower seed 

0% 

6,7% 

5,9% 

1104
 a
 

1197
 a
 

1062
 b
 

6,67
 a
 

6,52
 ab

 

6,41
 b
 

4,76
 a
 

4,71
 ab

 

4,65
 b
 

19
 a
 

11,1
 c
 

12,5
 b
 

4,4
 c
 

7,1
 b
 

8,2
 a
 

- 

- 

- 

0,9
 b
 

1,5
 a
 

2,3
 a
 

1
 c
 

1,5
 b
 

2,3
 a
 

Mughetti et al. 2012 Control 

Linseed 

Linseed 

0% 

10% 

20% 

1362 

1404 

1218 

5,91 

6,07 

6,10 

4,81 

4,81 

4,9 

22,74
 a
 

18,39
 b
 

15,28
 c
 

4,39
 c
 

5,22
 b
 

5,85
 a
 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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1.6. Situation of the dairy sheep sector 

The world’s dairy sheep flock increased substantially during the last five decades as 

shown in the Figure 1.4. By continents, in 2011, Asia showed more dairy sheep flock 

with 51%, followed by Africa with 33%, following by Europe which exceeds 15% and 

finally by the United States of America (USA) with less than 1% (FAO. 2013).  

 

Figure 1. 4. The evolution of the world's dairy sheep flock (heads) (Adapted from FAO, 

2013) 

According to the FAO (2013), the sheep milk production around the world has suffered 

a spectacular rate of increase (92%), between 1961 and 2011, which coincides with the 

growth of sheep flock (74%). This positive relationship between flock and milk 

production occurred in Asia, Africa and United sates of America but not for Europe. 

Indeed, in Europe, an increment of the milk production was reported (Table 1.3) in spite 

of the decrease of flock. 

The increase in milk production was thereby attributed to the enhancement of 

production per milking ewe, which was mainly associated to the improvement of the 

systems of production. The individual production oscillated from 57.9 kg/ewe in 1961 

to 98.7 kg in 2011 with fluctuation from a maximum of 98.7 kg/ewe in Europe until a 

minimum of 32 kg/ewe in Africa, which is an indicator of the large specialization of 

dairy sheep management in Europe with respect to the other continents. 

 



 

Chapter 1                                                                                                                     Introduction 

 28 

 

Table 1. 3. The distribution and the evolution of the sheep milk production (tones) per 

continent and around the world 

 1961 1970 1980 1990 2000 2011 

Africa 545.469 720.137 1.247.826 1.531.887 1.709.968 2.147.317 

Americas 21.980 27.010 31.550 34.854 35.120 40.607 

Asia 2.136.871 2.254.415 2.922.537 3.465.782 3.533.964 4.543.499 

Europe 2.396.088 2.495.868 2.620.808 3.027.324 2.880.886 3.038.316 

World 5.100.408 5.497.430 6.822.721 8.059.847 8.159.939 9.769.739 

Source: Adapted from FAO (2013)  

The main producers of sheep milk in Europe, in 2011, were in this order; Greece with 

25.1% of the total milk produced in Europe followed by Romania (20.5%), Spain and 

Italy with 16.7% and 13.5% respectively, France with 8.9% and finally Bulgaria, 

Albania and Portugal with more than 2.0% each. As a whole, these 8 countries 

concentrate 92.7% of the total milk of sheep produced in Europe  (Figure 1.5). 

 

Figure 1. 5. The production of the sheep milk (t×1000) in the European countries (2011) 

(Adapted from FAO, 2013) 

The study of the milk production per ewe in the main European countries, in 2011, 

shown that France holds the first place in the production of sheep milk with almost 211 

kg/ewe followed by Spain and Portugal with almost 186 and 184 kg/ewe respectively 

(FAO. 2013). 
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The sheep sector in Spain has experimented an important role due to cultural and 

ecological reasons and also because of its contribution to the socio-economical life of 

the country despite of its relative importance in comparison with the bovine sector. 

The distribution of the milk production in Spain, in 2011, has shown that 87% of the 

milk produced came from cows, 7% from ewes and finally 6% from goats (Figure1.6). 

 

Figure 1. 6. The distribution of the milk production (%) in Spain according to the specie 

(2011) (Adapted from MAGRAMA, 2012)  

The sheep flock in Spain had shown significant changes during the last five decades 

(Figure 1.7).  An important decrease was observed between the sixties and the eighties 

with a reduction of 35.7% of registered sheep. From 1980’s to 2000’s, there was a 

recovery with almost 10 million animals, which was the result of the incorporation of 

Spain into the European Union (EU) in 1986. However, the spanish livestock start to 

decrease again in the years 2000 to 2012, due mainly to the reforms imposed by the 

Common Agricultural Policy (CAP), the changes in consumer tastes and the rise of 

prices of raw materials and animal health treatments, which decrease the interest of 

farmers as to this activity (Rodríguez. 2013).  
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Figure 1. 7. The evolution of the sheep flock in Spain (heads) (Adapted from FAO, 

2013) 

In the other hand and inspite of the changes observed in sheep folck, milk production 

had seen a huge increase between 1980 and 2011 (Figure 1.8).  

 

Figure 1. 8. The evolution of the sheep milk production in Spain (t×1000) (Adapted 

from FAO, 2013) 

 

 

 

 



 

Chapter 1                                                                                                                     Introduction 

 31 

The reason for such increase was attributed to the enhancement of productivity per ewe. 

The individual milk production increased, from 66.4 kg/ewe in 1987 to 185.6 kg/ewe in 

2011. And, this improvement in productivity was due to the intensification of sheep 

farms by the introduction of new breeds specialized in milk production (Ugarte et al., 

2001; Caja and Rancourt, 2002), the improvement of feeding systems and reproduction 

and health management. Those efforts for intensification were the results of the increase 

of sheep milk price due to the growing demand for sheep dairy products (cheese, curds, 

etc.) (Rodríguez-Ruiz. 2013).  

In Spain, the largest sheep flocks occur in Extremadura, Castilla y León, and Castilla La 

Mancha and then followed by Andalucía and Aragón, with nearly 80% of the total 

(Figure 1.9). 

 

Figure 1. 9. The distribution of the sheep livestock in Spain (%) (Adapted from 

MAGRAMA, 2012) 

At national level, Castilla y León is the community with the highest percentage of sheep 

with 19.95% of the total number of animals in comparison with the rest of communities 

in Spain (Figure 1.10).  
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The sheep flock in Castilla y León increase after the incorporation of Spain into the 

European common market (1980-2000). However, in the last 10 years, a decrease was 

observed, due to the changes in the policy of the EU in relation to subsidies.   

 

Figure 1. 10. The evolution of the sheep flock in Castile and León (heads) (Adapted 

from MAGRAMA, 2012) 

During the last five decades, the region of Castilla y León has seen a continuous growth 

in sheep milk production (Figure 1.11). 

 

Figure 1. 11. The evolution of the sheep milk production in Castilla y León (tones) 

(Adapted from MAGRAMA, 2012) 
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This increase can be associated to the increase of the productivity per ewe mainly due to 

the genetic improvement of breeds (mainly Assaf, Awassi and Lacaune), the 

intensification of the systems of production and the increase of demand for sheep milk 

by the dairy industries. According to MAGRAMA (2011), the milk produced by ewe in 

Castilla y León presents an average of 312 liters/ewe which is more than the double of 

the individual production in Castilla la Mancha (128 litres/ewe). And values are even 

lower in the case of Pais Vasco, Navarra and Extremadura from 59, 52 and 23 litres per 

year and ewe, respectively. 

1.7. Microbiological and physico-chemical properties of sheep 

milk  

The microbiological and physico-chemical properties of milk are essential for a 

successful development of dairy products and for consumers’ health protection. 

According to the Regulation (EC) No 853/2004, raw milk is defined as: 

“Raw milk means milk produced by the secretion of the mammary gland of farmed 

animals that has not been heated to more than 40 °C or undergone any treatment that 

has an equivalent effect” 

The Regulation (EC) No 1662/2006 amending the Regulation (EC) No 853/2004 lays 

down specific hygiene rules for food of animal origin. The germ content in raw milk, 

from species other than cow, used for the manufacture of dairy products, has to be 

inferior to 1.5 10
5
 UFC/ml at 30ºC for products manufactured without heat treatment 

and 1.5 10
6
 UFC/ml at 30ºC for heat-treated products. 

The physical parameters of milk are essential markers for the monitoring of milk 

quality; the freezing point allow the identification of fraud due to the addition of water 

(Antunac et al., 2001) and the pH can be used as a pointer to the hygienic qualities. 

Furthermore, the physical properties of milk affect its technological properties such as 

the acidic coagulation (Ould Eleya et al., 1995). Sheep milk shows higher viscosity, 

acidity and pH than goat and cow milk while no differences were observed between 

species concerning density and freezing point (Park et al., 2007).  

Milk always contains the same basic components (carbohydrates, protein, fat and 

minerals). However, there are some differences, as shown in the Table 1.4. Sheep milk 

contains higher total solids and higher fat content than goat and cow milk (Hilali et al., 
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2011; Pandya and Ghodke, 2007; Park et al., 2007) as well as the highest energy value 

(Barłowska et al., 2011).  

Fat and protein in sheep milk represent a higher percentage of the total solids in 

comparison with goat and cow milks, which is important because it determines the 

cheese yield that can be obtained from each milk (Hilali et al., 2011). However lactation 

milk yield and lactation length of milking ewes is lower and shorter than goat or cows 

which is negatively perceived by farmers (Haenlein. 2002). 

Table 1. 4. Chemical composition of milk from sheep, goat and cow milk 

 Sheep Goat Cow 

Total solid (g/100g) 
a
 17.0 11.1 12.2 

Fat (g/100g)
 b

 6.99 ±  1.23 4.07 ± 0.76 4.09 ± 0.46 

Protein (g/100g)
 b

 5.73 ± 0.61 3.26 ± 0.46 3.42 ± 0.35 

Lactose  (g/100g)
 b

 4.75 ± 0.35 4.51 ± 0.26 4.82 ± 0.21 

Casein (g/100g) 
c
 4.2 2.4 2.6 

Fatty acids (g/100g)
 a
 

  Saturated 

  Mono-unsaturated 

  Poly-unsaturated 

  Cholesterol (mg/100g) 

 

3.8 

1.5 

0.3 

10.0 

 

2.3 

0.8 

0.1 

10.0 

 

2.4 

1.1 

0.1 

14.0 

Energy value (Kcal/100g) 95.0 60.0 66.0 

Source: Tamime et al. (2011)
a
,
 
Barłowska et al. (2011)

b
, Park et al. (2007)

 c 

Carbohydrates 

Lactose is the major carbohydrate in milk (Park et al., 2007). There is not important 

difference in lactose content between cow, sheep and goat. However, as the fat and 

protein in sheep milk is higher than in cow and goat milk, the proportion of lactose 

content in the total solids content is lower. The concentration of lactose in sheep milk as 

in other ruminants is lower at the beginning and towards the end of lactation, which is 

positively correlated with the milk yield (Pulina and Nudda, 2004; Haenlein and 

Wendorff, 2006). 

From a nutritional point of view, lactose is a valuable nutrient, because it favors 

intestinal absorption of calcium, magnesium and phosphorus, and the utilization of 

Vitamin C (Hernández Ledesma et al., 2011). Moreover, Tamime et al., (2011) report 
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that sheep milks contain enough lactose to provide an energy source for the starter 

culture organisms.  

Lipids  

Lipids are one of the most important components of milk in terms of physical, 

organoleptic and nutritional properties that they impart to dairy products (Fontecha et 

al., 2011). 

Milk fat is synthesized in the milk cells of the udder (Barłowska et al., 2011) and occurs 

as globules emulsified in the aqueous phase (87%) of milk (Jensen, 2002). Fat milk is 

composed by triglycerides (TAG; nearly 98%), diacylglycerides (0.25-0.48%), 

monoacylglycerides (0.02-0.04%), phospholipids (0.6-1.0%), cholesterol (0.2-0.4%), 

glycolipids (0.006%) and free fatty acids in milk (0.1-0.4%). 

The average diameter of milk fat globules is less than 0.1 μm to approximately 18 μm 

(El-Zeini. 2006). In ewe milk, the fat globules are characteristically abundant in sizes 

less than 3.5 μm, which is similar to goat fat globules. According to Park (1994) smaller 

is the size of fat globules better is the digestibility and more efficient is the lipid 

metabolism. No appreciable differences have been reported as regards the mechanism of 

milk fat globule secretion in sheep and goats in comparison with cows (Park et al., 

2007). Furthermore, structure and composition of the membrane is similar in the three 

species (Scolozzi et al., 2003).  

In the other hand, the importance of the triacylglycerols species (TAG) contained in 

dairy fats is associated to their influence on technological aspects (melting point, 

crystallization behavior, etc.) and nutrition (action of lipolytic enzymes) (Fontecha et 

al., 2005). The triglyceride composition of goat, sheep and cow milk fat is different 

(Scintu and Piredda, 2007). According to Park et al., (2007), the percentage of 

triglycerides (TAG) with carbon number from 26 to 36 and 46 to 54 are higher in ewes 

in comparison with cows. However, Precht (1992) reported similarities in the 

chromatographic triglyceride profile between ewes and cows.  

As regards fatty acid composition, the levels of short and medium chain fatty acids are 

significantly higher in sheep and goat in comparison with cow (Alonso et al., 1999; 

Goudjil et al., 2004). Furthermore, sheep milk, in general, present the highest quantities 

of trans fatty acids after cow and finally goat. However, the proportion of vaccenic acid 

in milk fat, which is the precursor in the synthesis of the conjugated linoleic acid (CLA) 
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(cis-9 trans-11C18:2), is similar in the three species (around 45–60%; Jensen. 2002; 

Goudjil et al., 2004). Concerning the total conjugated linoleic acid, the mean content 

seems to decrease in the following order: ewe > cow> goat milk fat, (1.08%; 1.01% and 

0.65%, respectively) (Jahreis et al., 1999).  

Phospholipids (PLs) are associated with the milk fat globule membrane (MFGM) and 

PLs species are expressed as % of total phospholipids. The most abundant PLs are 

phosphatidylethanolamine (PE) followed by phosphatidylcholine (PC) and 

sphingomyelin (SM) and then by phosphatidylserine (PS) and phosphatidyl-inositol 

(PI). Most of the studies reported values very similar between species (Andreotti et al., 

2006; Garcia et al., 2013).  

Protein   

The main component of milk are proteins (Barłowska et al., 2011), which impact 

directly on the ability of milk to be processed and on the quality of dairy products 

(Albenzio and Santillo, 2011). 

Milk proteins consist of caseins (αs1, αs2, β and қ) and whey proteins (βeta 

lactoglobulin and alpha-lactalbumin), and some proteins coming from blood, principally 

serum albumin and immunoglobulin (Scintu and Piredda, 2007).  

The average protein content in sheep milk is higher than in goat or cow milk (Table 

2.6). Proteins contribute approximately with 96% of the total nitrogen in sheep milk and 

4% corresponds to non-protein nitrogen (NPN) (Hilali et al., 2011). Casein is the most 

important protein in milk, while the proportion of whey proteins are relatively lower 

(Barłowska et al., 2011). In comparison with goat and cow milk, sheep milk contains 

the highest content on whey proteins and also contains the highest content of casein 

(Dario et al., 2008), which provides a very good clotting ability to the milk (Park et al., 

2007) and affects positively cheese yield and consistency and texture in fermented 

products (Guo. 2003). 

The percentage of casein in the total protein (80.8–82.6%) remains almost stable over 

the lactation period, with a small decline close to the end of lactation (Pellegrini et al., 

1994; Hilali. 2001), accompanied with an increase in whey proteins content. And, this 

increase has technological implications, such the production of curd with a weaker 

texture (Hilali. 2001). In general, the variations are more common in the casein fraction 

than in the whey protein fraction. The heterogeneity of caseins is determined by the 
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presence of genetic variants or by other factors such as a discrete phosphorylation level, 

variation in the extent of glycosylation of the қ- casein fraction, and the coexistence of 

proteins with different chain lengths (Park et al., 2007). The genetic polymorphisms of 

sheep milk proteins is very important because they are associated to quantitative and 

qualitative parameters in milk and milk derivates (yogurt, cheese, etc) (Albenzio and 

Santillo, 2011).  

Minerals and vitamins 

Sheep milk has around 0.9% total minerals compared to 0.7% in cow milk and 0.8% in 

goat milk (Park et al., 2007). Mineral content of sheep milk is significantly higher than 

that in goat or cow milk (Hilali et al., 2011), with the highest proportion of calcium, 

phosphorus, magnesium, iron, copper, iodine, selenium and zinc (Barłowska et al., 

2011). In general, mineral contents of sheep milk seem to vary much more than those of 

cow milk (Rincon et al., 1994). 

Milk is a valuable source of vitamins as well, both water-soluble and fat-soluble ones 

(Barłowska et al., 2011). The vitamin content is higher in sheep milk than in cow and 

goat milk, except for vitamine D and Biotin (Park et al., 2007). However, the carotene 

content of ovine and caprine milks is negligible compared with bovine milk and, as a 

consequence, the colour of the product will be whiter (Tamime et al., 2011). 

1.8. Factors influencing the composition and the quality of 

milk  

Many factors affect the composition and the quality of milk and can be classified as 

intrinsic (inherent to animal) or extrinsic (depend on external factors) (Ahmad et al., 

2008; Aganga et al., 2002; Haenlein. 2002; Park et al., 2007).   

1.8.1. Intrinsic factors  

Genetics 

There are important genetic differences associated to species, breeds and selected 

families (Haenlein. 2002). In the last decades, most of the genetic programs have been 

focused on the improvement of milk yield (Barillet. 1997). But, recently and by 

considering the fact that negative correlation exists between milk yield and fat and 

protein content, milk recording schemes, including the estimation of milk parameters 

such as fat, protein and total solid, were developed, in order to get a simultaneous 
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improvement of quantity and composition of milk (Petrović et al., 2005). Moreover, 

investigations have been carried out to develop indirect method to estimate cheese yield 

(Othmane et al., 1995, 2000). 

Stage of lactation 

Regardless of species or breed, the stage of lactation is an important factor that has a 

considerable influence on milk composition (Haenlein. 2002). Many components, 

especially fat and protein, are high in early lactation; much lower thereafter until they 

rise again markedly at the end of lactation; meanwhile the inverse occurs for milk yield. 

Mineral content also increased with stage of lactation. 

Parity 

The effect of parity on milk yield and quality in ewes is subject of controversy. An 

increase in milk yield as the number of lactation advanced was observed by Casoli et al. 

(1989), Hatziminaoglou et al. (1990) and Ubertalle et al. (1990), whereas Dell'Aquila et 

al. (1993) and Sevi et al. (2000) did not found any significant effect. In the other hand, 

an enhancement in protein and fat content with the increasing number of lactations has 

been reported by Casoli et al. (1989), Dell'Aquila et al. (1993) and sevi et al. (2000). 

However, an opposite trend as regards milk composition has been observed by Ubertalle 

(1989). According to Sevi et al. (2000), the increase of milk composition could be 

associated to the increase of body weight of ewes which leads to a better availability of 

body reserves for the synthesis of milk components, or to the better development of the 

udder glandular tissue resulting to an increase in the milk constituent’s synthesis.  

However, the interference with other factors can make difficult the analysis of results, 

such as the milk yield level (Casoli et al., 1989).  

Physiological status 

Nutritional physiology and endocrine status of the animal affects milk yield and 

composition over short or longer time period (Haenlein. 2002). This has been 

demonstrated by the variation of milk composition during oestrous cycle (Cowan and 

Larson, 1979). For example high somatotropin loads to the increase of milk yield, milk 

fat content, short-chain and medium-chain fatty acids significantly, while decreasing 

milk protein percentage, long-chain fatty acids and net energy balance (Disenhaus et al., 

1995).  
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Udder health 

Mammary involution and inflammation are known to negatively affect milk quality 

towards poor milk composition and altered coagulating properties of milk (Albenzio et 

al., 2002, 2003). Indeed, infected udders in comparison with healthy or doubtful udders 

decrease lactose and fat content, the casein index and were negatively associated with 

curd characteristics, by affecting clotting time and curd firmness (Bianchi et al., 2004).  

1.8.2. Extrinsic factors  

External factors such as season, milking system, diets affect directly the milk yield and 

composition. Moreover, extrinsic factors may exert and indirect effect; animals affected 

by external factors cannot express all its genetic potential (Arranz et al., 2001) and 

therefore milk yield and composition.  

Season 

There are significant seasonal differences in milk composition (Haenlein. 2002). Winter 

feeding is providing in general different proportions and qualities of grazing, hays, 

silage and supplements, which influence considerably milk composition. The greatest 

seasonal differences were measured in sheep milk, 1.28% in summer and 0.54% at the 

end of the winter period (Jahreis et al., 1999). Furthermore, the effect of photoperiod 

was as well reported in dairy ewes (Mikolayunas et al., 2008). 

Milking system 

A number of researchers have previously investigated the effects of milking systems 

(manual and mechanic), the interval between milking and the milking frequency on 

milk composition. De la Fuente et al. (1997) reported significant differences in milk fat 

and protein content between the manual and the mechanic milking system. Furthermore, 

the reduction of the milking frequency, in high-yielding ewes, from twice to once a day, 

decreased lactose concentration and increased protein and total solids content without 

any effect on fat content (Pulido et al., 2012). On the other hand, high milking intervals, 

superior o equal to 16 h, during mid- and late lactation, did not result in significant 

changes in milk composition for East Friesian crossbred dairy ewes (McKusick et al., 

2002). 
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Nutritional control 

Changes in milk composition is realized when one or more desired nutrients are 

incorporated into the diet, followed by absorption and transport of the nutrient to the 

mammary gland, and finalized with secretion of the nutrient in milk. The composition 

and the quantity of the daily diet in relation to the production requirements is the most 

important factor due to its correlation with changes in milk yield and composition 

(Moran-Fehr. 1981; Haenlein. 1995).  

According to Jenkins and McGuire (2006), the most crucial component of milk to 

dietary manipulation was fat content, which could be changed over a range of 3%. It 

was clear that lactose content could not be manipulated by dietary changes, except 

under extreme and unusual feeding situations. Milk protein was more responsive to diet 

(over a 0.5-percentage unit range) than lactose, but less responsive than fat. The period 

from 1980 to 2005 has seen efforts at trying to alter the content or composition of those 

3 components. As expected, the greatest changes were made in milk fat and fatty acid 

composition. Therefore, several studies have examined the modification of milk fat 

profile through the addition of dietary fat as discussed afterwards. However, the 

problem of modulating the fatty acid composition of milk was the fact that fatty acids 

are susceptible to oxidation, which can modify the nutritional and sensory properties of 

the derived dairy products (Boroski et al., 2012). So, including antioxidant started 

recently to be considered as strategy to inhibit the free radical autoxidation and thereby 

preserve polyunsaturated lipids from oxidative deterioration, as discussed below. 

1.9. Dairy products  

1.9.1. Cheese product 

1.9.1.1. Definition, classification and regulation of cheese 

Cheese is a derived milk product, produced in a wide range of flavours and forms 

through the world (Fox and McSweeney, 2004).  

The original Codex General Standard for Cheese was adopted in 1963 and replaced in 

1978. A further revision of the standard was completed in 1999 and amended in 2006. 

This contains the following definition of cheese relevant to all cheeses: 

 “Cheese is the ripened or unripened soft or semihard, hard or extra-hard product, which 

may be coated, and in which the whey protein:casein ratio does not exceed that of milk, 
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obtained by coagulating totally or partly the protein of milk, skimmed milk, partly 

skimmed milk, cream, whey cream or buttermilk, or any combination of these materials, 

through the action of rennet or other suitable coagulating agents, and by partially 

draining the whey resulting from such coagulation; and/or processing techniques 

involving coagulation of the protein of milk and/or products obtained from milk which 

give an end product with similar physical, chemical and organoleptic characteristics”. 

Cheese, as a stable and versatile food, which can be taken on many forms is very 

important from an industrial and consume point of view (Johnson and Law, 2010). 

Cheese technologists have attempted to categorize cheeses based upon various criteria. 

In Spain, the most relevant criterions, according to the Royal Decree (RD 1113/2006), 

were those based on milk origin and ripening time.  

For cheeses, without certifications of mark (protected designation of 

origin (PDO), protected geographical indication (PGI) and traditional specialties 

guaranteed (TSG)) or certification of specific characters, the origin of milk (cow, sheep 

or goat) needs to be specified. Cheeses can be classified also in soft, semi-hard and hard 

according to their ripening time as shown in the Table 1.5.  

Table 1. 5. Designation of cheeses according to the ripening time 

Designation Weight >1.5 kg Weight >1.5 kg 

Minimum ripening time (days) 

Soft                                                  7 

Semi-hard 35 20 

Hard 105 45 

Old 180 100 

Mature                                                270  

Source: RD 1113/2006  

As a product of animal origin, cheese is susceptible to pathogenic contamination, 

especially the raw-milk cheese. Consequently, Public Health Authorities (PHA) in many 

countries established basic requirements for producing raw-milk cheese. The first 

European directive dates from 1992 (92/46/EEC) and has been followed by a number of 

regulations (852/2004, 853/2004,2073/2005, 2074/2005). The production of raw-milk 

cheese was allowed, as long as certain minimum requirements were met; milk must 

come from animals that have no symptoms of infectious diseases that can be transmitted 

to humans through milk, that are healthy and that have not been given unauthorized 

http://ec.europa.eu/food/fs/sfp/mr/mr03_en.pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:139:0001:0054:en:PDF
http://www.fsai.ie/uploadedFiles/Reg853_2004(1).pdf
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2005R2073:20060101:EN:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2005:338:0027:0059:EN:PDF
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substances or products. Not processed milk must be stored in a clean place at a 

temperature below 8°C (in case of daily milking) or below 6°C (when milking is not 

carried out daily). Furthermore, the facilities must be clean, undergo regular 

maintenance and be kept in good conditions. And finally, microbiological 

characteristics of raw-milk cheese need to be guaranteed (absence of Listeria 

monocytogenes, Salmonella, staphylococcal enterotoxins, Escherichia coli and 

coagulase-negative staphylococci).  

Cheese made from sheep milk 

Cows’ milk is the major milk used for cheese manufacture in both the world and Europe 

(92% and 94%, respectively) (FAO, 2013). However, significant quantities of cheese 

from sheep milk are also produced, especially in the countries with sheep-raising 

tradition. The main producers of cheese from sheep milk in Europe are Greece with 

33.8% followed by Spain (16.9%), Italy and France with 15% and 14.3% respectively 

(FAO. 2012).7 

In Spain, there is a large potential of production accompanied with various 

differentiated products. Spain provide a large variety of cheeses,  many of them are 

protected by designation of origin (PDO) such as the “Idiazábal” from País Vasco, 

“Manchego” from Castilla-la-Mancha and “Zamorano” from Castilla y León, and few 

more in the different regions. 

Castilla y León is a spanish community with an important cheese-making tradition, 

especially from sheep milk. Those cheeses are recognized because of its differentiated 

characteristics. This differentiation emanates from the model of production used to feed 

the flock, which is principally based on extensive grazing surfaces rich in natural plants. 

The cheese that characterizes the community of Castilla y León is the “Castellano 

cheese”. It’s a hard variety made from raw or pasteurizad ewes' milk throughout the 

year, with its peak production in spring months (Gaya et al., 2003). Externally, this 

cheese resembles to other ewes' milk hard spanish cheese varieties such as the 

manchego cheese.  

Castellano cheese is protected at the national level by a collective mark but it still not 

protected by any of the three European Union schemes, known as PDO PGI and TSG. 

Efforts are made to obtain a certification of mark at the european level through 

providing evidences of the historical importance of the Castellano cheese in this 

http://en.wikipedia.org/wiki/European_Union
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community and by demonstrating its value as a differentiated product. Actually, this 

recognition will not only help to the preservation of the traditional methods of 

production, but it will also encourage people to stay settled in rural areas by providing 

an economic incentive to produce traditional foods. In fact, in Castilla y León, dairy 

industry provides jobs for a total of 3.137 persons, which is more than the national 

average, which gives an idea of the importance of this sector at rural level. 

The Castellano cheese, manufactured with raw milk, must respect the law 17/2001, the 

royal decree 687/2002 and the council directive 89/104/CEE, which establish a 

minimum of 60 days of ripening before consumption.  

1.9.1.2. Cheesemaking steps 

Johnson and Law (2010) reported that the technology of cheesemaking has two 

principal goals: firstly, to establish the parameters that make a given cheese desirable 

(flavour, texture, melt and stretch properties); and, second, to develop a manufacturing 

and ripening protocol that will routinely reproduce these parameters every time this 

cheese is made.  

The fundamental operations to the production of a good quality cheese are: 

Preparation of milk:  

Preparation of milk consists on the selection, the standardization and the pasteurization 

of milk. The standardization is made by the addition of milk solids (condensed or milk 

powder) or by removing the cream (Johnson and Law, 2010).  

Acidification:  

It is now almost universal practice in industrial cheesemaking to add a culture (starter) 

of selected lactic acid-producing bacteria to raw or pasteurized cheesemilk (Fox and 

McSweeney, 2004). The choice of starter bacteria to use is based on tradition, flavour 

desired in the cheese and rate and extent of acid development desired during 

manufacture and in the finished cheese (Johnson and Law, 2010).  

Coagulation:  

The essential characteristic step in the manufacture of all cheese varieties is the 

coagulation of the casein component of the milk system to form a gel which entraps the 

fat, if present (Fox and McSweeney, 2004). The majority of cheeses are produced by 
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enzymatic (rennet) coagulation, traditionally from the stomach of young animals 

(claves, lambs, and buffalo). 

Syneresis, Stirring and heating:  

Gels formed from milk by renneting or acidification under quiescent conditions may 

subsequently show syneresis, because the gel (curd) contracts. Then, the curd is stirred 

and heated. 

Pressing, salting and ripening:  

Curds for most varieties are transferred to moulds where further drainage and 

acidification occurs (Fox and McSweeney, 2004). Salting cheeses contribute to synerisis 

and moisture content decrease. But, it should not be used as means of controlling the 

moisture content.  Most cheese varieties undergo a period of ripening, which varies 

from 2 weeks to 2 years.  

1.9.1.3. Nutritional and functional properties of cheese 

Cheese is a nutritious, versatile dairy food, which nutrient content is influenced by the 

type of milk used, the manner of manufacture and, to a lesser extent, the degree of 

ripening (O’Brien and O’Connor, 2004). Most cheeses are potentially significant dietary 

sources of fat, which digestibility is in the range 88-94%. Furthermore, cheese contains 

high content of biologically valuable protein, which ranges approximately from 4-40% 

and is almost 100% digestible. Moreover, most cheeses can be consumed by lactose-

intolerant individuals because it contains only trace amounts of lactose. Cheese is also 

an important dietary source of vitamins and minerals (O’Brien and O’Connor, 2004).  

Cheese has positive effects on one or more functions in the body, beyond their 

nutritional properties (Norat and Riboli, 2003). According to Pintus et al. (2013), sheep 

cheese naturally enriched in α-linolenic, conjugated linoleic and vaccenic acids 

improves the lipid profile and reduces anandamide in the plasma of 

hypercholesterolaemic subjects.  

Most of the bioactive peptides are hidden in the inactive state in the original parent 

protein structure in milk and may be released by proteolysis like in cheese during 

ripening. In several cheeses, bioactive peptide have been reported to inhibit the activity 

of the angiotensin I-converting enzyme (ACE) such in cheddar cheeses (Ong et al., 

2007) and such inhibition mainly gives rise to antihypertensive effects but may also 
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modulate immuno-defense and nervous system activity (Korhonen and Pihlanto-

Leppälä, 2004) 

1.9.1.4. Organoleptic properties of cheese 

Appearance, texture, and flavour are the three major components of cheese consumer 

acceptability (Bourne. 1978). 

Appearance characteristics of cheese are assessed visually, usually prior to consuming 

the cheese. It include colour, presence of eyes or holes (or openness), mould, rind and 

visual texture (Delahunty and Drake, 2004). Colour is the first feature to be perceived 

and determines thereby the primary judgment on product quality (Fresno and Álvarez, 

2012). Furthermore, the visual aspects of cheese may create a sensory expectation of 

how the cheese will “taste” or may have a strong influence on the perception of other 

characteristics. For example, many consumers believed that a couloured cheeses is more 

intensely flavoured than its uncoloured equivalent (Bogue et al., 1999). Moreover, 

appearance also includes the cheese market image such as size, shape and packaging. 

The textural attributes, resulting from a combination of physical properties, are 

perceived by a combination of the sense of touch, vision and hearing. The cheese 

texture characteristics frequently described are those reported in the Table 1.6. The 

measurement is performed by tests involving the application of stress or strain under 

defined experimental conditions. 

Table 1. 6. Textural properties of cheese and their definitions 

Rheological properties Definition 

Firmness  The extent of resistance offered by the cheese, assessed during the 

first 5 chews using the front teeth 

Adhesiveness  The degree o which the chewed mass sticks to mouth surfaces, 

evaluated after 5 chews 

Cohesiveness  The degree to which the chewed mass holds together, evaluated 

after 5 chews 

Springiness  Depress sample between thumb and finger, evaluate the total 

amount of recovery of the sample 

Gumminess  The energy required to grind a semi-solid food when they are ready 

to be swallowed 

Chewiness  The amount of energy required to masticate a solid food 

Source: Delahunty and Drake (2004)  
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The flavour is most defined as the integrated perception of olfactory, taste and 

chemesthesis stimuli (trigeminal). Flavour perception begins prior to consumption when 

a consumer can smell a cheese, but is finally perceived during consumption when 

compounds that stimulate the olfactory system in the nose, the taste system in the mouth 

and the trigeminal system in the mouth and nose are released from the cheese and 

become available to receptors (Delahunty and Drake, 2004). 

1.9.2. Fermented milk: Set yogurt 

1.9.2.1. Definition, classification and regulation of yogurt 

Yogurt represents a very important dairy product over the world in recent times. 

According to the Code of Federal Regulations of the FDA (CFR, 2013):  

“Yogurt is the food produced by culturing one or more of the optional dairy ingredients 

with a characterizing bacterial culture that contains the lactic acid-producing bacteria, 

Lactobacillus bulgaricus and Streptococcus thermophilus”. 

 The role of bacteria in yoghurt manufacture can be summarized as milk acidification 

and synthesis of aromatic compounds (Fadela. 2009). The milk may be homogenized 

and shall be pasteurized prior to the addition of the bacterial culture.  

According to Tamime and Robinson (2000), yogurt is classified on the basis of 

chemical composition or fat content (full, semi-skimmed/medium or skimmed/low fat), 

on physical nature of the product (set, stirred or fluid/drinking), on the flavours 

(plain/natural, fruit or flavoured) or on the post-fermentation processing (vitamin 

addition or heat treatment). 

According to the “Real Decreto “(271/2014) published in the “Boletin Oficial del 

Estado” number. 102, the lactic acid-producing bacteria must be viable and present in 

the final product at a minimum quantity of 10
7
 colonies per grams o millilitres. The final 

pH value must be inferior o equal to 4,6. The specificity of the labelling of the yogurt 

expiration date is repealed, as well as the limit of sale of twenty-eight days from the 

date of manufacture and the dairy industry operators shall determine the appropriate 

date to each product type as well as its limit time. 

Yogurt from sheep milk  

The world production of yogurt has witnessed a remarkable increase during the last five 

decades (FAO, 2013). Spain is the second most important producers of yogurt and 
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fermented milks in the mediterranean area, after France, with 20.4% of the total 

produced in Europe (CAR/PL. 2002), by producing 820.100 tons of yogurts and 

fermented milk (FENIL. 2012). The production includes yogurts from several milks 

(cow, goat, and sheep), but the predominant starting material was the cow’s milk. 

Actually, the use of sheep milk for yogurt production by the dairy industry is limited in 

comparison with yogurts from cow’s milk.  

In the last ten years, the consumption of yogurt and fermented milk has seen an 

important increase; from 14.05 in 2004 to 16.11 kg/person/year in 2011 (FENIL. 2012), 

probably due to the fact that consumers are more aware about the importance of healthy 

food. And, the decrease showed between 2012 and 2013, is mostly attributable to the 

economic crisis that affected negatively the purchasing power of the consumer (from 

16.03 in 2012 to 15.5kg/person/year in 2013).  

The dairy industry is one of the most active industries in Spain but the market of yogurt 

from sheep milk is not more organized than that of cheese from sheep milk. The main 

production of yogurt, from sheep milk, comes from artisanal farms. The producers 

defend a product that is natural, healthy and sustainable. For the most of them it’s a way 

to develop the rural areas by taking advantage of the primary material available and 

promoting the economic movement in the zone. 

1.9.2.2. Manufacturing process of yoghurt 

Basic yogurt manufacturing processes generally use a dairy medium such as milk or a 

milk component as starting material. Other ingredients, such as various thickening 

agents/stabilizers (e.g., hydrocolloids such as starches or gelatins), and/or whey protein 

concentrates can optionally be added to adjust gel structure and/or consistency 

(Vandeweghe et al., 2001).  

The main processing steps involved in the yogurt manufacture were described by Lee 

and Lucey (2010): 

Milk Standardization:  

This step is often realized to adjust the fat content. And, the methods employed for 

standardization are; the removal of part of the fat content from milk, the mixture of full 

cream milk with skimmed milk, the addition of cream to full fat milk or skimmed milk 

and the use of standardizing centrifuges, which is a process that may combine some of 

the methods mentioned above. 
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Homogenization:  

This is an important processing step for yogurts containing fat because it reduces the fat 

globules to an average of less than 1 µm in diameter and assures a uniform distribution 

of the milk fat in the yogurt (Chandan and O’Rell, 2006). Consequently, no distinct 

creamy layer (crust) is observed on the surface of yogurt produced from homogenized 

mix, which involve an improvement in the consistency of the yogurt and greater 

stability of the coagulum against whey separation.  

Heat treatment:  

The temperature/time combinations for the batch heat treatments that are commonly 

used in the yogurt industry include 85°C for 30 min or 90-95°C for 5 min (Tamime and 

Robinson, 2000). However, very high temperature short time is also sometimes used 

(Sodini et al., 2004). Heat treatment influences the physical properties and 

microstructure of yogurt. Shah (2003) reported physical changes in the proteins as a 

result of heat treatment which have a profound effect on the viscosity of yogurt.  

Fermentation process:  

The milk base is cooled to the incubation temperature used for growth of the starter 

culture. Bacterial fermentation converts lactose into lactic acid, which reduces the pH of 

milk from 6.7 to ≤4.6.  

According to Lee and Lucey (2010), an optimum temperature of the thermophilic lactic 

acid bacteria, i.e., Streptococcus thermophilus and Lactobacillus delbrueckii subsp. 

bulgaricus, is around 40- 45°C. Lower temperature range or higher temperatures 

(>45◦C) can produce wheying-off problems, grainy texture, harsher flavours and over-

acidification (Chandan and O’Rell, 2006). 

Cooling:  

When yogurts reach close to pH 4.6, yogurts are partially cooled (~20°C). Yogurt 

products are often blast chilled to <10°C (e.g., 5°C) in the refrigerated cold store to 

reduce further acid development (Tamime and Robinson, 2000).  

1.9.2.3. Nutritional and functional properties of yogurt 

As a healthy food, the health effects of yogurt are divided into two groups: nutritional 

function and physiological function (Song. 2011). The nutritional attribute is expressed 

as the function of supplying nutrition sufficiently, such as the source of lactose, 
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proteins, vitamin and calcium. The physiological function refers to prophylactic and 

therapeutic functions beyond nutritional function, like antimicrobial activity, 

gastrointestinal infections, anticancer effects reduction in serum cholesterol and immune 

system stimulation (Adolfsson et al., 2004, Ashraf and Shah, 2011, Meydani and Ha, 

2006).  

Yogurt contains more protein, calcium, and other nutrients than milk, reflecting the 

extra solids-not-fat content (Chandan and Shah, 2006; Tamime and Robinson, 2000). 

The microbial load content and the products of the lactic fermentation further 

distinguish yogurt from milk. Furthermore, yogurt have shown higher concentration of 

conjugated linoleic acid (CLA) than does the milk from which the yogurt was processed 

and this increase was mostly attributed to the microbial cultures presents during 

fermentation (Kim and Liu, 2002, Sieber et al., 2004). Several properties of the CLA in 

yogurts and its effect on human health were already reported, such as anticarcinogenic 

properties and modulation of the immune system (Kemp et al., 2003; Pariza et al., 

2001). 

The protein content of yoghurt is often increased by concentration or addition of 

skimmed milk solids, which means that it is an even more attractive source of protein 

than liquid milk (Tamime and Robinson, 2000). It has been argued that protein from 

yogurt is more easily digested than is protein from milk, as bacterial pre-digestion of 

milk proteins in yogurt may occur (Chandan. 2013). This argument is supported by 

evidence of a higher content of free amino acids, especially proline and glycine, in 

yogurt than in milk. Moreover, during fermentation, both heat treatment and acid 

production result in finer coagulation of casein, which may also contribute to better 

protein digestibility (Adolfsson et al., 2004). Proteins in yogurt are of excellent 

biological quality, because the nutritional value of milk proteins is well preserved 

during the fermentation process (Hewitt and Bancroft, 1985). Moreover, the formation 

of bioactive peptides partially explains the health-promoting properties of fermented 

milk products (Korhonen and Pihlanto-Leppälä, 2004). 

In many countries yogurt has been continuously modified to obtain a product with better 

appeal, nutritional and functional effects. In Spain, the dairy companies collaborate with 

various investigation centers in order to develop products that provide attributes beyond 

nourishing properties, products that contain one or more compounds that promote 

welfare and health, or reduce the risk and protect from metabolic syndromes or 
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degenerative diseases. Basing on research, dairy industry developed products such as 

the milk enriched in calcium, Vitamin A and D and polyunsaturated fatty acids 

(OMEGA 3). 

1.9.2.4. Organoleptic properties of yogurt  

The evaluation of the appearance includes the surface of the product, colour, visible 

purity, presence of foreign matters, spots of mold, seepage of whey and phase 

separation (Karagül-Yüceer and Drake, 2013). 

Texture is one of the most essential components of yogurt quality, it represents all the 

rheological and structural attributes perceptible by means of mechanical, tactile, and, 

when appropriate, visual and auditory receptors (Ozcan. 2013). Yogurt texture can be 

characterized by many attributes and these include both non-oral textural attributes such 

as spoon impression, clumpiness, thickness, smoothness, and oral texture attributes 

including thickness, stickiness, dairy film, meltdown rate, and fatty after mouthfeel 

(Grygorczyk et al., 2013). However, the most common sensory attributes relating to 

yogurt texture are thickness /viscosity, smoothness (opposite to lumpiness, graininess, 

grittiness) (Ozcan. 2013). Indeed, according to Lovely and Meullenet (2009) when 

consumers judged a yogurt to be too thick, too thin or lacking in smoothness, the overall 

liking score of the yogurt decreased significantly. Rheology and structure can be 

evaluated by instrumental methods and sensory tests (Foegeding et al., 2011; Fisher and 

Windhad, 2011) even if sensory and instrumental data are not always easily correlated 

(Sodini et al., 2011). High thickness, which is the amount of force required to slurp 

yogurt into mouth while making “O” shape with lips, is usually associated to higher 

amount of force (Grygorczyk et al., 2013).  

Texture and flavour are the most important parameters for acceptability (Grygorczyk et 

al., 2013; Lovely and Meullenet, 2009; Jaworska et al., 2005). Also, flavour has the 

ability to push texture into the background but if the product’s flavour lacks in 

distinctiveness, texture importance increases (Szczesniak and Kahn, 1971). Jaworska et 

al. (2005) explained that negative flavour attributes may become more prominent and 

overshadow the impact of texture on consumers.  
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2. Objectives 

In recent years, the association between diet and health has received an increasing 

public attention, especially in the media (Mollet and Rowland, 2002). Although dairy 

products have historically enjoyed a widespread perception of being healthy food 

products, consumers have more recently been subjected to a wide variety of both 

negative and positive messages regarding the health effects of dairy consumption (Cash 

et al., 2005). It’s generally known that milk is a complex mixture of lipids, protein and 

micronutrients, many of which have shown favorable or neutral effects on human 

health. However, the negative information associated to the saturated fat and its 

connection with chronic diseases has often harmed the reputation of milk products 

(Huth and Park, 2012). Such trends increased the need of consumer for secure and safe 

foods and promote the development of functional dairy products 

The possibility to develop dairy products with low levels of saturated fatty acids is a 

very interesting approach to reduce the impact of saturated fatty acids on human health 

and to increase the popularity of these products. Furthermore, the opportunity to use 

dietary antioxidants, available in nature without additional costs, would be a very good 

strategy to reach that purpose, by reducing the oxidative deterioration in foods and also 

by developing foods rich in bioactive ingredients with the ability to reduce risks of 

chronic diseases. 

In this context, the aim of this doctoral thesis has been the development of functional 

dairy products through the inclusion of Thymus mastichina L. in dairy sheep diets as 

source of natural antioxidant. The innovative aspect of this research emanates from the 

use of Thymus mastichina L., a wild endemic plant, and its inclusion in sheep diet as 

whole plant without further processing. 

The specific objectives set out in this research work were as follows: 

• Evaluation of T. mastichina L. as source of natural antioxidant, through the 

determination of its bioactive properties and the characterization of its phenolic 

compounds. 

• Evaluation of the animal and lactation performances of the ewes, fed 

different modified diets (control, canola seed diet and marjoram diet), through 
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the analysis of the dry matter intake, nutrient digestibility, nitrogen balance and 

milk yield.  

• Evaluation of physic-chemical properties of the dairy products, yogurt and 

cheese, manufactured from the milk of ewes fed different modified diets. 

• Evaluation of the bioactive properties of the dairy products, yogurt and 

cheese, manufactured from the milk of ewes fed different modified diets. 
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3.1. Evaluation of T. mastichina L. as source of natural 

antioxidant 

3.1.1. Plant material 

Cultivated and wild plant was used in the experiment. The marjoram (T. mastichina L.) 

was provided from two agriculture farms in the provincial city of Valladolid, Spain 

(Villabrágima en Ctra. Castromonte and San Pedro Latarce) where marjoram was 

cultivated for the first time from wild seeds, and also from a meadow as wild plant 

(Escuela de la Santa Espina). The cultivation of marjoram was initially performed in a 

nursery in order to ensure the growth of plants which were afterwards transplanted in 

fields.  

 

Figure 3. 1. Marjoram plant (T. mastichina L.) 

Marjoram was harvested in June 2010 when the plant had a height of 40 cm (Figure 

3.1). The plant was dried at a temperature of 19.5ºC in a warehouse (80 m2) with a 

natural ventilation system. This operation is essential and needs to be controlled because 

it is a plant rich in volatile compounds, and the final composition is significantly 

affected by the drying method used. The plants were kept in controlled conditions 

during 3 week in order to guarantee that the drying process was finished.  

The plants harvested in the two farms and in the field were homogenized (93,6 % comes 

from the cultivated plants and 6,4% from the wild plants). The average of dry weight 

was 790g DM/kg for the cultivated plants and 973g DM/kg for the wild plants. And, the 

difference between both was basically attributed to the climatic changes during 

harvesting.  

Marjoram was chopped into 1 cm of length with a grinding machine. The use of 

standard machines for the grinding and the harvesting operation implies that the 

machines required for the different operations   on marjoram did not require additional 
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costs for the farmers which promote the use of marjoram as an ingredient in the animal 

diet. Finally, the chopped plant was packed and stored in darkness until further use. In 

fact, the bioactive properties of these plants are influenced by several factors such as the 

light and for this reason the plant was stored in darkness. The Figure 3.2 showed the 

different operations in the collection, removal, drying, hash and storage in the 

agriculture farms. 

 

Figure 3. 2.Processing of marjoram plant 
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3.1.2. Evaluation of the bioactive properties of T. mastichina 

3.1.2.1. Extraction of phenolic compounds 

The extraction of phenolic compounds was performed using dried and ground plant. 

Samples were homogenized for 1 min at 24,000 rpm using an Ultra-Turrax T-25 Tissue 

homogenizer (Janke & Kunkel, IKA_-Labortechnik, Saufen, Germany). Two grams of 

the ground sample was homogenized in 100 mL of solvent. Three different solvents 

were used for the extraction (water, ethanol and methanol). The sample suspension was 

shaken at 175 rpm overnight (19h) in a Max Q 4000 Incubator and Shaker (Thermo 

Fisher Scientific, Millcreek Road, Marietta, Ohio, USA) at 25°C. After that, the sample 

suspension was centrifuged for 5 min at 4,000 g (ROTINA 380R, HettichLab, 

Tuttlingen, Germany) and the supernatant was filtered through 0.22 µm 

polytetrafluoroethylene (PTFE) filters (Sigma-Aldrich). The extracts were evaporated at 

40°C in a rotary evaporator (Rotavapor RII, BÜCHI Laboratory, Flawil, Switzerland) 

and the extraction yield of each extract was estimated by weighing the material 

remaining after evaporation. Three replications of each extract were prepared and then 

stored at - 20 °C until subsequent analysis.  

3.1.2.2. Total phenolic content (TPC) 

The total phenolic content was determined using Folin-Ciocalteu Reagent (FCR) as 

described by Singelton et al. (1999) and gallic acid was used as standard. Folin-

Ciocalteu reagent and gallic acid (GA) were purchased from Sigma-Aldrich (Wicklow, 

Ireland). In each replicate, 100 µL from the appropriately diluted sample extract, 100 

µL methanol, 100 µL FCR and finally 700 µL sodium carbonate (Na2CO3) were added 

together and vortexed. The blend was incubated for 20 min in the dark at room 

temperature. After incubation the mixture was centrifuged at 13,000 rpm for 3 min 

(ROTINA 380R, HettichLab, Tuttlingen, Germany). The absorbance of the supernatant 

was measured at 735 nm by spectrophotometer. The TPC was expressed as mg of gallic 

acid /g dry weight extract (mg GAE/g DWE). The assay was performed in two batches 

which included three replications in each for both samples and standard. 

3.1.2.3. The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay 

The capacity of the extracts to scavenge DPPH. free radical was determined according to 

the method described by Sanchez-Moreno (2002). Briefly, 2,2-Diphenyl-1-

picrylhydrazyl (Sigma-Aldrich, Wicklow, Ireland) was dissolved in methanol (0.238 
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mg/mL). 500 µL of the diluted samples, methanol as blank and Trolox dilutions as 

standards (Sigma-Aldrich, Wicklow, Ireland) were added to 500 µL of DPPH solution. 

Solutions were incubated in the dark at room temperature for 30 min. The absorbance 

was measured at 515 nm by spectrophotometer (Hitachi Double Beam 

Spectrophotometer. model U-2900 UV-VIS, Japan). The radical scavenging activity 

was expressed as mg trolox/g dry weight extract (g Trolox/100g DWE) and also as 

EC50, which is the extract concentration providing 50% of radicals scavenging activity. 

All samples were replicated. 

3.1.2.4. The Semicarbazide-Sensitive Amine Oxidase (SSAO) inhibitory 

assay 

The SSAO inhibitory activity of T. mastichina was performed on water extracts. 

Standard curve was prepared with concentrations from 200 to 3.125 μM of SSAO. For 

the samples, 200 μl of the reaction solution was prepared using 50 μl of buffer as blank, 

standards and samples, which were preincubated with 50 μl of SSAO enzyme and then 

100 μl of the cocktail reaction. The black flatbottom 96-well plate was incubated at 

37ºC for 2 hours. The fluorescence of resorufin was recorded at 530 nm excitation/ 590 

nm emission) during 35 seconds using a Fluostar Omega (Offenburg, Germany). The 

results were expressed as μM of semicarbazide. The analysis was performed in 

triplicate. 

3.1.3. Characterization of the phenolic compounds of T. 

mastichina 

3.1.3.1. Preparation of marjoram extracts  

Solid-phase extraction (SPE) was used for the clean-up of extracts prior to the LC-MS 

separation and quantification of phenolic compounds. The method used in this study 

was described by García et al. (2004) with some modification. C18 Sep-Pak cartridge 

(Mildford, USA) was pre-conditioned with 6 mL of methanol followed by 6 mL of 

water without allowing the cartridge to dry out. Then, the dissolved extracts (water, 

ethanol and methanol) were passed through the cartridge. The eluates were then 

transferred to vials and evaporated to dryness with nitrogen. The residues obtained were 

dissolved in methanol. The distribution of the cleaned-up extracts was achieved with 

vortex agitation prior to the chromatographic analysis. 
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3.1.3.2. Characterization of phenolic compounds using the Liquid 

chromatography-mass spectrometry (LC-MS)  

LC-MS analysis was performed on a Q-Tof premier mass spectrometer (Waters 

Corporation Micromass MS Technologies, Manchester, UK) coupled to Alliance 2695 

HPLC system (Waters Corporation Milford, MA, USA). The Q-Tof Premier was 

equipped with a lockspray source where an internal reference compound (Leucine- 

Enkephalin) was introduced simultaneously with the analyte for accurate mass 

measurements.  

Compounds were separated on an atlantis T3 C18 column (Waters Corporation Milford, 

USA, 100 mm x 2.1 mm; 3 µm particle size) using 0.5% aqueous formic acid (solvent 

A) and 0.5% formic acid in 50/50 v/v acetonitrile: methanol (solvent B). Column 

temperature was maintained at 40 °C. The gradient elution program applied was: 100% 

A for 15 min, 50% A: 50% B for 15 min and 80% A: 20% B for 50 min at a flow rate of 

0.2 mL/min. Electrospray mass spectra data were recorded in the negative ionization 

mode for a mass range m/z 100 to m/z 1000. Capillary voltage and cone voltage were 

set at 3 kV and 30 V respectively. Collision induced dissociation or fragmentation 

(CID) of the analytes was achieved using 12-20 eV energy with argon as the collision 

gas. Identification of some of the phenolic compounds was carried out by comparing 

retention times and their masses with those of authentic standards. Five flavonoids 

standards, luteolin-7-O-glucoside, luteolin, naringin, apigenin and apigenin 7-O-

glucoside were purchased from Extrasynthese, Genay, France and one hydroxycinnamic 

acid namely rosmarinic acid was purchased from Sigma-Aldrich, Wicklow, Ireland.. 

The purity of standards and solvents were in the range of 95-99.8%. Only luteolin-7-O-

glucoside had 90% purity.  

And, for the compounds for which no standards were available a tentative of 

identification was based on accurate mass measurements of the pseudomolecular [M-

H]- ions in combination with collision-induced dissociation (CID) fragment ions. 

Quantification of each compound was performed on the basis of the relative area of an 

internal standard, kampferol. Results were expressed in µg kaempferol/mg DWE. 

3.1.4. Statistical analysis 

Data were analyzed using the General Linear Models procedure using the SPSS package 

(SPSS 11.0 for windows, SPSS Inc., Chicago, IL, USA). Significant difference was 
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declared at P<0.05 and values with statistically significant differences were compared 

using Duncan’s Multiple Range test and designed by different letters. 

The correlation analysis was performed using the Pearson’s correlation coefficient (r). A 

partial correlation was also used to measure the degree of association between 

two random variables (total phenolic content and DPPH free scavenging activity), with 

the effect of a set of controlling random variable removed (extraction solvent) in order 

to know the impact caused by this third variable on the relationship between the both 

primary variables. 

3.2. Evaluation of animal and lactation performances of sheep 

3.2.1. Experimental design 

The experiments were conducted between January and March 2011. All animal 

handling practices followed the European Council Directive 86/6097EEC and 

recommendations of the European Commission (2007/526/EC) for the protection of 

animals used for experimental and other scientific purposes. Animals were divided in 

three experimental groups and offered experimental diets which consisted on a total 

mixed ration (TMR); including molasses to avoid selection of dietary components and 

based on dehydrated alfalfa hay and concentrate. The ingredients and chemical 

composition of all diets were shown in the Table 3.2. The content of essential oil in T. 

mastichina was 1.28% and the main components were 1,8-cineol (46.67%) and linalool 

(14.47%). 

The control group (CO) was fed the TMR without any supplementation, the second 

group received the TMR supplemented with 2,85% of canola seed (CS) and both diets 

were formulated to be isoenergentic and isoproteic. The third group was fed a diet 

modified by a substitution of 7.5% of the CS diet by marjoram, which origin was 

described in the section 3.1.1.  

3.2.2. Diet characterization 

Procedures to determine dry matter (DM), organic matter (OM), total nitrogen (N), and 

ether extract (EE) were evaluated following the method described by AOAC (2006). 

And crude protein was calculated using the conversion factor 6.25. Neutral detergent 

fiber (NDF) and acid detergent fiber (ADF) were determined by the methods described 

by Goering and Van Soest (1970) and Van Soest et al. (1991), adding sodium sulphite 

to the solution. Neutral detergent fiber was assayed with α-amylase. 

http://en.wikipedia.org/wiki/Association_(statistics)
http://en.wikipedia.org/wiki/Random_variables
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Table 3. 1. Ingredients and chemical composition of the experimental diets 

 
Composition 

Experimental diets1 
CO CS TM 

Ingredients(% of DM)    

Dehydrated alfalfa hay 27 27 25 
Granulated alfalfa 7 7 6.5 
Straw treated with glycerol 1.2 1.9 1.8 
Corn grain  12 12 11 
Oat  5 5 4.6 
Wheat grain 4.8 6 5.6 
Barley grain 4 4 3.7 
Wheat bran 1.8 1.6 1.5 
Beet pulp 3 3 2.8 
Canola cake 5 5 4.6 
Distillers dried grains (barley) 4.8 5.7 5.3 
Canola meal 2.4 2.4 2.2 
Corn gluten feed 1 1.2 1.1 
Sunflower cake 28/30% 1.4 1.8 1.7 
Soybean cake 44% 2.2 2.7 2.5 

   Soybean 3 3 2.8 
Canola seed - 2.85 2.6 
Palm oil 0.12 - - 
Whole cotton grain 6 - - 
Molasses-urea-vitamin-Mineral 7.8 7.8 7.2 

   Marjoram   7.5 

Nutrients2    

CP, % 17.10 18.67 17.60 
NDF, % 29.93 30.48 32.06 
ADF, % 19.03 21.05 21.16 
EE % 4.27 4.92  5.06 
EB (cal/kg DM) 4.39 4.38 4.42 

Fatty acid composition, % total fatty acid     

C16:0 11.84 6.15  
C18:0 14.3 11.4  
C18:1 14.60 25.97  
C18:2 35.87 26.96  

1Refers to treatments: control diet (CO); canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by the marjoram)  
2Refers to nutrients: crude protein (CP); neutral detergent fiber (NDF); acid detergent fiber (NDF); ether extract (EE) and energy 
balance (EB) 
 

3.2.3. Control of animal performances of non-lactating ewes 

3.2.3.1. Individual dry matter intake and body weight 

A total of thirty dry (non-pregnant, non-lactating) assaf ewes (10 animals in each 

experimental group) were used to determine the individual feed intake. Offered and 

refusal diets were daily recorded for each animal during 5 consecutive days after an 
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adaptation period of 15 days. Samples of feeds and refusals were taken daily, pooled for 

each animal and dried at 60ºC to constant weight.  

The body weight of each animal was recorded at the beginning and the end of the trial 

(5 days). The average of body weight of the control group, the CS group and the TM 

group, at the beginning of the trial, was 50.15 ± 4.19; 49.29 ± 4.25 and 47.33 ± 3.95 kg, 

respectively. 

 

Figure 3. 3. The feeding system used for the measurement of the individual dry matter 
intake  

3.2.3.2. Digestibility of nutrient and nitrogen balance 

A total of twenty four Assaf ewes (8 animals in each experimental group) were used to 

determine the digestibility and the nitrogen balance. For 5 consecutive days, following 

25-days adaptation period, the quantity of feed consumed and that of feces of each 

animal were registered. The individual cages permitted the total collection of feces 

separately from feed residues and urine. Samples of feces and urine, daily taken, were 

pooled and a representative sample (10 %) was kept frozen at -20ºC until subsequent 

analysis.  

 

Figure 3. 4. The feeding system used for the measurement of the nutrient digestibility 
and nitrogen balance in dry ewes 
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3.2.4. Control of animal and lactation performances of lactating 

ewes 

Thirty six multiparous Assaf ewes in mid lactation were randomly divided into three 

groups of equal size (12 animals in each) balanced for milk yield, live weight and body 

condition score. The batons presented average body weight (78.9 ± 2.01 kg), body 

condition score (2.19 ± 0.09) and milk yield (2.764 ± 0.144 kg). The experiment lasts 4 

weeks.  

 

Figure 3. 5. The feeding system used for the measurement of the dry matter intake and 
milk yield in lactating ewes 

3.2.4.1. Dry matter intake and body weight 

During 10 days-adaptation period (before commencing the trail), all animals received 

the control diet in order to stabilize the group. Fresh water was always available and 

diets were offered daily ad libitum. The intake therefore was recorded daily for each 

experimental lot by difference of weight between offers and refusals. The body weight 

of each ewe was recorded weekly during the experiment. 

3.2.4.2. Milk production 

Ewes were milked daily from 0830 to 1830 h in a 1 × 12 stall-milking parlor (DeLaval, 

Madrid, Spain). The individual milk production was recorded every day, both at 

morning and evening milking.  

3.2.5. Statistical analysis 

Data were analyzed using the SPSS package (SPSS 11.0 for windows, SPSS Inc., 

Chicago, IL, USA). The data of the animal performances of non-lactating ewes was 

analyzed using the General Linear Models procedure in which the diet was considered 

as fixed effect plus the random effect of the animal. The data of milk yield and body 
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weight of lactating ewes was analyzed using the General Linear Models procedure with 

repeated measures in the time. The model accounted for the fixed effects of dietary 

treatment, time, and the interaction between treatment and time, plus the random effect 

of sheep. The Least square means were reported and significance was declared at 

P<0.05. Values with statistically significant differences were compared using Duncan’s 

Multiple Range test and designed by different letters. 

3.3. Evaluation of milk and dairy products properties  

3.3.1. Experimental design 

The milk used for the manufacture of dairy products was produced by the dairy ewes 

used in the preceding trial, described in the section 3.2.2.4. The bulk milk of each group 

of ewes (CO, CS and TM) was collected three times during the experimental period 

(beginning, middle and end), which lasts 4 weeks, and used for the manufacture of 

yogurts and cheeses.  

From each group of ewes (CO, CS and TM), three batches of milk were transformed 

into yogurts at the beginning, middle and end of the experimental period (15 days of 

interval). The milk used for the yogurt manufacture corresponds to the morning 

milking. The milk of each group was collected separately to acquire batches of 5 L 

required for the traditional processing of yogurts.  

A total of 12 cheeses were manufactured; two cheeses from each milk (CO, CS and 

TM) at the beginning and end of the experimental period with 20 days of interval. The 

milk used for the cheesemaking correspond to the afternoon milking of the day before, 

which was kept at 4ºC, mixed with the following morning milking in order to obtain the 

quantity of milk required for the manufacture of cheeses from each group of ewes (the 

manufacture of 1 cheese requires approximately 18 L of milk). The ripening has also 

been considered (2 and 4 months); one cheese was analyzed after 2 month of ripening 

and another one after 4 months. Data of cheeses at day 1 of manufacturing were 

excluded because “Castellano cheese”, made from raw milk, cannot be consumed until 

2 months of age for safety reasons as reported in the section 1.9.1.1.   
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3.3.2. Characterization of ewe’s milk 

Samples of bulk milk of each group of ewes were collected before each manufacturing 

process and stored at -20ºC until subsequent analysis. Milk samples for the bioactivity 

assay were freeze-dried. 

3.3.2.1. Control of the physico-chemical composition of milk 

The fat, protein, lactose and total solids content were determined by the infrared 

spectrometry method using the Milko-Scan 4000 FT+ (Foss Electric, Hillerød, 

Denmark). All the analyses were performed in triplicate.  

Milk casein content was analyzed according to the ISO 17997-1: 2004. Precipitation of 

casein from a separate test portion of the same sample used for protein determination 

was performed by the addition of acetic acid and sodium acetate solutions such that the 

final pH of the mixture was approximately 4, 6. Then, the precipitated milk casein was 

removed by filtration and the remaining filtrate containing the non-casein nitrogen 

components was measured. The casein content is determined as the difference between 

the total nitrogen content and the non-casein nitrogen content. 

Somatic cell content was determined according to the ISO 13366-2: 2006, by the fluoro-

opto-electronic method using the Fossomatic 5000 (Foss Electric, Hillerød, Denmark). 

3.3.2.2. Characterization of the lipidic profile of milk 

3.3.2.2.1. Fat extraction  

Milk fat extraction was carried out according to the ISO 14156: 2001 for fatty acids, 

CLA and triglycerides analysis. The milk sample was defrosted in a water bath to a 

temperature of 35-40ºC, mixed and cooled to 20ºC±2. 100 mL of the sample was mixed 

with 80 mL of ethanol and 20 mL of ammonia solution in a separating funnel. Then, 

100 mL of diethyl ether was added and shaken vigorously for 1 min. After a phase 

separation, 100 mL of n-pentane was added and mixed carefully. And, after a second 

phase separation, the aqueous layer was discarded. 100 mL of sodium sulfate solution 

was added to the remaining contents and mixed carefully again. And, after a third phase 

separation, the aqueous layer was discarded. Finally, a second amount of 100 mL of 

sodium sulfate solution was added and mixed vigorously. Then, the aqueous layer was 

discarded after the phase separation.  
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The remaining organic layer was transferred to a conical flask and mixed with 5 to 10 

gram of anhydrous sodium sulfate. The flask stood for 10 min, and then was filtered 

into a round-bottom flask. Using an R-205 Rotary Evaporator with Heating Bath B-490 

(BÜTCHI Labortechnik AG, Flawil, Switzerland), the content of the flask was 

evaporated under reduced pressure in a water bath set at 50ºC until evaporation is 

visually completed. If the removal was not completed, the flask content was flushed 

with a stream of nitrogen for 1 min. 

Milk fat extraction for phospholipids (PLs) analysis was carried out according to the 

Folch et al., (1957) extraction method with some modifications. 3 grams of the 

lyophilized sample was added in a volume of 22.5 mL of dichloromethane:methanol 2:1 

(vol:vol). The mixture was vortexed for 1 min, shacked slowly for 30 min at room 

temperature in a rotating shaker, and finally centrifuged at 75000 rpm for 5 min at 0ºC. 

The lower dichloromethane layer was removed. The process was repeated adding 18 

mL of dichloromethane:methanol 2:1 (vol:vol), except for the agitation step which lasts 

5 min this time. Then, a volume of 4.5 mL water solution (0.8% NaCl) was added to the 

mixture, vortexed for 1 min and left overnight. The upper phase was removed and the 

intermediary phase was filtered through 0.45 µm polytetrafluoroethylene (PTFE) filters 

(Sigma-Aldrich) with dichloromethane and sodium sulfate anhydrous, and finally 

evaporated using nitrogen as nebulizing gas. Separated lipids were stored at -20ºC until 

analysis.  

3.3.2.2.2. Preparation of methyl esters of milk fat 

Methyl esters for fatty acids, CLA and triglycerides analysis analyses were prepared 

from the fat extracted from milk samples by base-catalyzed methanolysis of the 

extracted fatty acid fraction using 2N KOH in methanol as described by international 

standard method ISO 15884:2002.  

3.3.2.2.3. Fatty acids (FAs) composition of milk 

The obtained methyl esters were analyzed in a 6890 Agilent GLC (Palo Alto, CA, 

USA), fitted with MS detector (Agilent 5973N) operated in scan mode (50-550 

Da) and a 100m CPSil-88 capillary column (100 m x 0.25 mm i.d. x 0.2 µm film 

thickness, Chrompack, Middelburg, Netherlands). The column temperature was 

maintained at 80ºC for 1 min after injection, then 7ºC/min to 170ºC, held for 55 min, 

10ºC/min to 230ºC and held 33 min. Helium was the carrier gas with an inlet pressure 

set at 214 kPa (30 Psig) and a split ratio of 1:25. Reference butter fat BCR-164 was 

http://www.google.es/url?sa=t&rct=j&q=sodium%20sulfate%20anhydrous&source=web&cd=2&cad=rja&ved=0CD0QFjAB&url=http%3A%2F%2Fwww.sciencelab.com%2Fmsds.php%3FmsdsId%3D9927278&ei=hx6nUcqvKcezhAe_voHgCw&usg=AFQjCNGxmQfKZYpfFYlVW2fMS4avx_h1kQ
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used to obtain response factors (Rf). For quantitative purposes, tritridecanoin (C13; 2.16 

mg/mL) was added to test samples and reference butter fat. The determinations were 

duplicated. 

3.3.2.2.4. Conjugated linoleic acid (CLA) profile of milk  

The obtained methyl esters were analyzed in a Silver ion (Ag+)-HPLC separation of 

CLA methyl esters was carried out using an HPLC (model 1200, Palo Alto, CA, USA) 

equipped with a UV detector operated at 233 nm. Two chromSpher 5 lipid analytical 

silver-impregnated columns (250 mm × 4.6 mm i.d. stainless steel; 5 µm particle size; 

Varian-Chrompack Int., Middelburg, the Netherlands) were used in serie. The mobile 

phase was 0.1% acetonitrile in hexane, operated isocratically at a flow rate of 1.0 

mL/min. 10 µL of the sample was injected. Pure and mixed CLA FAME isomers from 

Nu-Chek Prep were used as standards. 

3.3.2.2.5. Triglycerides (TGs) profile of milk 

For the analysis of triglycerides (TGs), 10 mg of the extracted fat was dissolved in 0.5 

mL dichloromethane. The TGs analyses were performed on an Autosystem Gion 

4072042 gas chromatograph (Perkin-Elmer, Beacons"eld, UK) equipped with an 

automatic injector (split/splitless) and programmed temperature. A capillary column (30 

m × 0.22 mm i.d.), supplied by Restek (Bellefonte, PA), Rtx-65 TG (35% dimethyl, 

65% diphenyl polysiloxane) (df = 0.10 µm) was used. Experimental chromatographic 

conditions were as follows: the initial temperature (280 ºC) was raised to 320º C at a 

rate of 15 ºC min-1 and then to 355 ºC at a rate of 7º C min-1 and then held at this 

temperature for 20 min. The injector and detector temperatures were 355 and 370º C, 

respectively and the flow rate was 0.8 mL min-1.  

3.3.2.2.6. Phospholipids (PLs) profile of milk 

The samples of the fat extracted for phospholipids analysis were dissolved in 

dichloromethane prior to analysis, at a 0.1 mg/µL concentration. And, then the 

separation of phospholipids’ classes was accomplished in a HPLC (model 1200, Palo 

Alto, CA, USA) coupled with an ELSD detector (SEDERE. SEDEX 85 model, 

Alfortville Cedex, France) using filtered air as the nebulizing gas at a pressure of 3.5 

bar, at 60 ◦C and a column with 250mm×4.5mm Zorvax Rx-SIL column (Agilent 

Tecnhnologies, Palo Alto, CA, USA) with 5-µm particle diameter and a precolumn with 

the same packing was used.    
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The injection volume was 10µL and the column was equilibrated at 40ºC. The solvent 

gradient used is detailed in Rodríguez-Alcalá and Fontecha (2010). 

3.3.2.3. Determination of the antioxidant capacity of milk 

3.3.2.3.1. Extraction of the phenolic compounds of milk  

The procedure followed for the extraction of antioxidants was the method described by 

Redeuil et al. (2009) with adjustments as regards the temperature of extraction. One 

gram of freeze-dried sample was mixed with 10 mL of two different solvents (water and 

methanol), then homogenised by Vortexing during 5 min. The mixture was left 1h at -

20º C to allow protein precipitation and then centrifuged for 5 min at 4,000 g (ROTINA 

380R, HettichLab, Tuttlingen, Germany). Finally, the upper fat layer was discarded and 

the supernatant was removed and used for antioxidant and anti-inflammatory activities 

determinations. Three replications sample were performed and then kept at - 20 °C until 

subsequent analysis. 

3.3.2.3.2. The 2,2´azinobis(3 ethylbenzothiazoline-6-sulfonate) (ABTS) assay 

The scavenging activity against the ABTS radical (Sigma-Aldrich, Wicklow, Ireland) 

was determined by the decolourization assay described by Re et al. (1999) and modified 

by Chen et al. (2003).  

The ABTS radical cation (ABTS•+) solution was prepared by reacting 10 mL of ABTS 

solution (7 mM) with 10 mL of K2SO4 solution (2.45 mM) and allowing the mixture to 

stand in the dark at room temperature for 24 h before use. For each assay, the stock of 

ABTS•+ solution needs to be dissolved in methanol to reach an absorbance of 0.7 

(±0.02) at 734 nm. Trolox was used as standard (Sigma-Aldrich, Wicklow, Ireland); the 

stock (2 mM/L) was dissolved in methanol (12,9 mg/mL) and then 1 in 10 dilutions 

were prepared in order to build the standard curve. 600 µL of samples and trolox 

dilutions were added to 6 mL of the diluted ABTS•+ solution and then incubated at 

30°C for 1h. After that, the solutions were centrifuged for 6 min at 4,000 g (ROTINA 

380R, HettichLab, Tuttlingen, Germany) at 30°C. Finally the absorbance (734 nm) was 

measured by a spectrophotometer (MODEL U-2900 UV-VIS, Japan). The results were 

expressed as mg trolox/g of dry weight extract (g Trolox/100g DWE).   
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3.3.3. Characterization of cheese and set-yogurt 

After each manufacturing process, yogurts and cheeses were stored at 4ºC for 

organoleptic determinations, at -20ºC for physico-chemical composition and lipidic 

profile characterization and samples were freeze-dried for bioactivity assays. 

3.3.3.1. Cheese product 

3.3.3.1.1. Manufacturing process of cheese 

For the cheesemaking, raw milk was heated to 30ºC and this temperature was 

maintained during the whole process of coagulation. A solution of CaCl2 was added 

(0.06ml/L which means a concentration of 31.5 mg/L) and then two types of starters 

were used. The first starter was a mixture of Lactococcus lactis subsp. Lactis and 

Lactococcus lactis subsp. cremoris (Danisco CHOOZIT MA11 LYO-25 DCU, 

Sassenage, France) at a dose of 8.7±2.2 mg/L and the second kind which function was 

to give flavor to the cheese was composed by Lactococcus lactis subsp. and Lactis 

biovar. diacetylactis (Danisco CHOOZIT MD99 LYO-50 DCU, Sassenage, France) at a 

dose of 5.7±1.6 mg/L. Finally, 0.31 ± 0.05 ml/L of calf rennet (1:15000 strength, 

Arroyo Laboratories Santander, Spain) was added and mixed thoroughly.   

Once the coagulation was obtained (60 min), the curd was cut into small cubes and 

heated to 38ºC in order to get an adequate whey separation. Curds were then placed into 

cheese moulds with clothes for pressing process in a vertical press (2.5 bar) during 3 h 

with a turn over each hour. After that, the curd was removed from the moulds and salted 

in saturated brine during 12 hours (19ºD and 9ºC for acidity and temperature, 

respectively). Finally, cheeses were transferred into a repining room at a temperature of 

10-12ºC and a relative humidity of 85%, where they remained 2 months for the semi-

cured cheeses and 4 months for the cured cheeses. 
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Figure 3. 6. The manufacturing process of cheese 
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3.3.3.1.2. Determination of the physico-chemical composition of cheese 

Cheese samples were analyzed by following the procedures according to the 

International Organization for Standardization (ISO). Cheese samples were defrosted at 

4º C during 24 h. All samples were performed in duplicate. 

For fat content, samples were analyzed by following the ISO procedure 1735: 2004. In 

brief, 1g of cheese was digested with hydrochloric acid and then ethanol was added. The 

acid-ethanolic solution was extracted with diethyl ether and light petroleum and then 

evaporated using an R-205 Rotary Evaporator with Heating Bath B-490 (BÜTCHI 

Labortechnik AG, Flawil, Switzerland).  

The protein content was determined by gravimetric method according to the ISO 8968-

1: 2001. The method consists of heating the sample with sulfuric acid, which 

decomposes the organic substance by oxidation to liberate the reduced nitrogen 

as ammonium sulfate. The operation was performed in a SpeedDigester K-425/K-436 

(BÜTCHI Labortechnik, Flawil, Switzerland). Chemical decomposition of the sample 

was completed when the initially very dark-coloured medium has become clear and 

colourless. The solution was then distilled with sodium hydroxide in a KjelFlex k-350 

(BÜTCHI Labortechnik AG, Flawil, Switzerland), which converts the ammonium salt 

to ammonia. The amount of ammonia present, and thus the amount of nitrogen present 

in the sample, was then determined by back titration using a solution of boric acid and a 

solution of hydrochloric acid. The amount of nitrogen was then converted in protein 

through the multiplication by the factor (6.38)  

For the total solids content, samples were analyzed according to the ISO 5534: 2000. 1 

g of cheese was mixed with sand, and after dried by heating it in a drying oven at 

102ºC. Dried samples were weighed to determine the loss of mass.  

The pH was measured at room temperature (20ºC±2ºC) using the pH-MATIC 23 

(CRISON INSTRUMENTS, Alella, Barcelona, Spain).  

Sodium chloride was determined by a classic titrametric analysis as described by 

Cimiano (1999). Organic substances were destructed by potassium chromate and nitric 

acid and then the chloride content was determined by argentometric titration using a 

nitrate solution. 

 

http://en.wikipedia.org/wiki/Sulfuric_acid
http://en.wikipedia.org/wiki/Ammonium_sulfate
http://en.wikipedia.org/wiki/Chemical_decomposition
http://en.wikipedia.org/wiki/Ammonia
http://en.wikipedia.org/wiki/Back_titration
http://en.wikipedia.org/wiki/Boric_acid
http://en.wikipedia.org/wiki/Sodium_carbonate
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3.3.3.1.3. Characterization of the lipidic profile of cheese 

3.3.3.1.3.1. Fat extraction  

Cheese fat extraction was carried out according to the ISO 14156: 2001 for fatty acids 

and triglycerides analysis. A sample of 1g of cheese was mixed with sodium sulphate 

and then transferred to an extraction thimble. The extraction thimble was inserted into 

the chamber of the Soxhlet extraction apparatus. 250 mL of n-pentane was used for the 

extraction and the sample was extracted for 6h under reflux. Using the R-205 Rotary 

Evaporator with Heating Bath B-490 (BÜTCHI Labortechnik AG, Flawil, Switzerland), 

the content of flask was evaporated under reduced pressure in a water bath set at 50ºC 

until evaporation is visually completed. If the removal is not completed, the flask 

content was flushed with a stream of nitrogen for 1 min. 

3.3.3.1.3.2. Preparation of methyl esters of cheese fat 

The procedure followed for the preparation of the methyl esters for fatty acids and 

triglycerides analyses was described for milk samples in the section 3.3.2.2.2. 

3.3.3.1.3.3. Fatty acids (FAs) composition of cheese 

The procedure followed for the determination of the fatty acids composition of cheese 

samples was described for milk samples in the section 3.3.2.2.2. 

3.3.3.1.3.4. Triglycerides (TGs) profile of cheese 

The procedure followed for the determination of the triglycerides composition of cheese 

samples was described for milk samples in the section 3.3.2.2.4.  

3.3.3.1.4. Evaluation of the organoleptic properties of cheese 

3.3.3.1.4.1. Colour characteristics of cheese 

Cheese colour was measured by using a colorimeter (Konica Minolta CR-410) with 

reference to illumination D65. The L*, a*, and b* colour measurements were 

determined according to the CIELAB colour space, were L* corresponds to light/dark 

chromaticity (changing from 0% dark to 100% light), a* to green/red chromaticity 

(negative values indicate green while positive values indicate red) and b* to yellow/blue 

chromaticity (negative values indicate blue and positive values indicate yellow) as it 

shown in the Figure 3.7.  
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This instrument was calibrated by with a white tile (L*= 94.4; a*= 0.3157, b*= 0.3323) 

before the measurements. All samples were triplicated. 

 

 

Figure 3. 7. The CIELAB* colour space (Image source: http://www.hunterlab.com) 

3.3.3.1.4.2. Textural attributes of cheese 

The texture analysis of cheeses was performed by a Texture Analyser (TA-XT2), 

calibrated by a 5 Kg load cell. Six representative samples of each cheese were cut into 

cylinders (1.5 cm of diameter and 2 cm of height). This test was performed at 20±2ºC 

using a plastic cylindrical probe (5.5 cm of diameter and 2.5 cm of height), a penetration 

depth of 6mm and a cross head speed of 2mm/s. From the force vs time, six parameters 

were obtained for compression: hardness (g) is defined as the peak force during the first 

compression cycle, adhesiveness (g.s) is the negative area under the curve obtained 

between cycles, springiness (s) is defined as the ratio of the time recorded between the 

start of the second area and the second probe reversal to the time recorded between the 

start of the first area and the first probe reversal, cohesiveness (dimensionless) is 

calculated as the ratio of the area under the second curve to the area under the first 

curve, gumminess (g) is defined as the product of hardness time’s cohesiveness, and 

chewiness (g.s) is defined as the product of hardness time’s cohesiveness time’s 

springiness.  

 

 

 

http://www.hunterlab.com/
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A1 A2

A3

t1 t2

F1

F: force
A: area
t: time

Firmness = F1
Cohesiveness= A2/A1
Adhesiveness= A3
Springiness= t2/t1
Chewiness= Firmness*Cohesiveness*Springiness

 

Figure 3. 8.  The texture profile analysis (O´Callaghan and Guinee, 2004) 

3.3.3.1.4.3. Sensory evaluation of cheese 

This study utilized a multiple comparisons test for the sensory evaluation of cheeses 

(Lawless and Heymann, 2010). A total of 18 tests were performed by 9 trained 

panelists. The training for sensory analysis was performed according to the ISO (8586-

1:1993). The panelists were provided with five (5) coded samples of the products being 

tested and three (3) coded reference samples and must pair each tested sample with one 

reference sample.  

In this discriminative test, the objective was to reject the null hypothesis, which is the 

equality between the different groups of products (CO, CS, and TM). The Pearson chi-

square is a statistic test that allows comparing a set of observed frequencies with a 

matching set of expected (hypothesized) frequencies (Lawless and Heymann, 2010). 

The level of significance was declared at P<0.05. 

3.3.3.1.5. Evaluation of the antioxidant capacity of cheese 

For the antioxidant assay, cheese samples correspond to those manufactured at the end 

of the experimental period. 
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3.3.3.1.5.1. Extraction of the phenolic compounds of cheese 

The extraction procedure used for cheese samples was the method described by Meira et 

al. (2012) with slight modifications. The cheese extracts were prepared by mixing 1 

gram of freeze-dried cheese with two different solvents (water and methanol).  The 

mixture was then homogenized by gentle stirring at 150 rpm for 1 h at 40 °C with a 

Max Q 4000 Incubator and Shaker (Thermo Fisher Scientific, Millcreek Road, Marietta, 

Ohio, USA). After centrifugation, the upper fat layer was discarded and the extract was 

filtered through Whatman no. 2 paper. 

3.3.3.1.5.2. The 2,2´azinobis(3 ethylbenzothiazoline-6-sulfonate) (ABTS) assay 

The procedure followed for the determination of the antioxidant activity of the cheese 

samples was described for milk samples in the section 3.3.2.3.2. 

 

 

Figure 3. 9. Sensory booths (separate air-conditioning maintained at 20±2°C and RH 
40±5%)  

3.3.3.2. Fermented milk: Set-yogurt 

3.3.3.2.1. Manufacturing process of yogurt 

For yogurt processing, the filtrated milk was heated to 80ºC and for 30 min, cooled to 

44-45ºC and then inoculated with starter culture (YO-MIX 300 LYO, Danisco, 

Danemark; 23 mg/L) that included Streptococcus thermophilus, Lactobacillus 

delbrueckii subsp. bulgaricus.   The inoculated milk was transferred to plastic cups (125 

mL, Alta Barrera SL, Barcelona, Spain) and incubated (PORTINOX ARGBT 700-1P, 
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Sevilla, Spain) at 42ºC until the yogurt reached a pH of 4.6. Finally, the yogurts were 

stored at 4ºC overnight. 

PREPARATION OF MILK

RECEPTION OF MILK

FERMENTATION

ADDITION OF 
A STARTER

PASTEURIZATION

STORAGE

 

Figure 3. 10. The manufacturing process of yogurt 

3.3.3.2.2. Determination of the physico-chemical composition of yogurt 

Yogurt samples were analyzed by following the procedures according to the 

International Organization for Standardization (ISO). Yogurts were defrosted in a water 

bath to a temperature of 35-40ºC and then mixed and cooled to 20ºC±2. A sample of 2gr 

of yogurt was dissolved in 8ml of distilled water and then analyzed for fat, protein and 

total solids content. All samples were performed in duplicate.  
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Fat content was determined by gravimetric method according to the ISO 1211: 2010; an 

ammoniacal ethanolic solution of the sample was extracted with diethyl ether and light 

petroleum and then the solvents were evaporated by using an R-205 Rotary Evaporator 

with Heating Bath B-490 (BÜTCHI Labortechnik, Flawil, Switzerland). The mass of 

the fat extracted was subsequently determined.  

For total solids content, the procedure used was the ISO 13580: 2005 and it consists in 

drying the sample by heating it in a drying oven at 103 ± 2ºC and then weighting the 

sample to determine the loss of mass.   

The titrable acidity was determined according to the ISO 11869: 1997 using the 

TitroMatic 1S (CRISON INSTRUMENTS, Alella, Barcelona, Spain).  

The procedure for the determination of protein content and pH values was described for 

cheese samples in the section 3.3.3.3. 

3.3.3.2.3. Microbiological analysis of yogurt 

The yogurts used for the microbiological analysis correspond to those manufactured at 

the beginning of the experimental period. Yogurt samples (two of each group) were 

analyzed at day 1, day 14 and day 28 after fabrications, we used the fabrication, 

fabrication 1), because in the time of the study, the consumption of yogurts was 

regulated by the RD 176/2013, in which the consumption of yogurts needs to be prior to 

the 28 days subsequent to the fabrication. 

The control of the viability of lactic acid microflora in the yogurt was determined 

according to the ISO 7889: 2003. A 10 g sample of yoghurt was decimally diluted in 

sterile peptone water (0.1%) and dilution plated over the media. S. thermophilus were 

determined on M17 agar medium (supplemented with %5 sterile 10% w/v lactose) at 

37ºC/48h with duplicate plates under microaerophilic conditions, L. bulgaricus were 

counted on MRS agar medium duplicate plates at 37ºC/72h which pH of agara medium 

was adjusted to 5.4. Plates were incubated under two different conditions; aerobic and 

anaerobic for S. thermophilus and L. bulgaricus, respectively, using 

the AnaeroGenTM gas generating kit (Oxoid Ltd, Basingstoke, Hampshire, UK). 
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The enumeration of S. thermophilus and L. bulgaricus was carried out by using the 

present formula showed in the Equation  

Equation 3. 1 

 

Where N is the number of microorganisms per gram of sample,  is the sum of the 

colonies in all the plates, n1 is the number of colonies counted in the first dilution,  n2 is 

the number of colonies counted in the second dilution and d is the mass in gram of the 

non diluted sample in the plate used as first dilution.  

3.3.3.2.4. Characterization of the lipidic profile of yogurt 

3.3.3.2.4.1. Fat extraction of yogurt 

The yogurt samples were defrosted in a water bath to a temperature of 35-40ºC, mixed 

and cooled to 20ºC± 2. 100 mL of the homogenized defrosted yogurt was used for the 

extraction procedure. 

3.3.3.2.4.2. Preparation of methyl esters of yogurt fat 

The procedure followed for the preparation of the methyl esters for fatty acids and 

triglycerides analyses was described for milk samples in the section 3.3.2.2.2. 

3.3.3.2.4.3. Fatty acids (FAs) composition of yogurt 

The procedure followed for the determination of the fatty acids composition of yogurt 

samples was described for milk samples in the section 3.3.2.2.3. 

3.3.3.2.4.4. Triglycerides (TGs) profile of yogurt 

The procedure followed for the determination of the triglycerides profile of yogurt 

samples was described for milk samples in the section 3.3.2.2.5.  

3.3.3.2.5. Evaluation of the organoleptic properties of yogurt 

3.3.3.2.5.1. Colour characteristics of yogurt 

The procedure followed for the measurement of the colour of yogurt samples was 

described for cheese samples in the section 3.3.3.6.1. 

3.3.3.2.5.2. Textural attributes of yogurt 

The texture analysis of yogurts was performed by a Texture Analyser (TA-XT2), 

calibrated by a 5 Kg load cell, and equipped with cylindrical flat-bottomed puncture 
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probe (P/25a). This test was performed at 10±2ºC using a penetration depth of 15mm 

and a cross head speed of 2mm/s. The textural parameters derived were: maximum 

force in compression (firmness, g), positive area of the curve (consistency, g) and the 

adhesiveness which is the negative force area when pulling the probe out of the yogurt 

sample (g.s) were determined through a single compression test. The apparent viscosity 

(in centipoises) was determined with the Brookfield Viscosimeter, model (DV-II+) by 

using the Spindle LV-4 (Brookfield Engineering Laboratories, Inc., 2000) at 1.1 rpm. 

A1

A3

F1

Firmness = F1
Consistency= A1
Adhesiveness= A3

F: force
A: area

 

Figure 3. 11. The texture analysis (Ozcan. 2013) 

3.3.3.2.5.3. Sensory evaluation of yogurt 

The procedure followed for the sensory evaluation of yogurt samples was described for 

cheese samples in the section 3.3.3.6.3. 

3.3.3.2.6. Characterization of the phenolic compounds of yogurt 

The procedure followed for the characterization of yogurt extracts was described for 

milk samples in the section 3.1.3.2. 

3.3.3.2.7. Evaluation of the bioactive properties of yogurts 

3.3.3.2.7.1. Extraction of the phenolic compounds of yogurt 

The first part of the extraction procedure was the same as that described for milk 

samples in the section 3.3.2.3.1, for the collection of the supernatant. The second part 

consisted on a further washing of the pellet with 25 ml of solvent (water or methanol), 
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after the collection of the supernatant, followed by a centrifugation and finally by a 

combination of both supernatants as described by Serafini et al. (2009). 

3.3.3.2.7.2. The 2,2´azinobis(3 ethylbenzothiazoline-6-sulfonate) (ABTS) assay 

 The procedure followed for the determination of the antioxidant activity of the yogurt 

samples was described for milk samples in the section 3.3.2.3.2. 

3.3.3.2.7.3. The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay 

The procedure followed for the determination of the antioxidant activity of the yogurt 

samples was described for marjoram extracts in the section 3.1.2.3. 

3.3.3.2.7.4. The Oxygen radical absorbance capacity (ORAC) assay 

The ORAC assay employs AAPH as peroxyl radical generator and fluorescein as target 

molecule to detect the ability of the added antioxidant to inhibit their interaction relative 

to Trolox standard according to Huang et al. (2005). The assay method provides an 

integrated and quantitative determination of the antioxidant capacity by employing the 

area under the curve (AUC) of the magnitude and time of inhibition of peroxyl radicals 

attack against fluorescein. Fluorescence at 485/520 nm was monitored using an 

automated BMG FLUOstar Omega microplate reader system (Offenburg, Germany). 

ORAC values were expressed as µM trolox equivalents (µM TE). All samples were 

replicated. 

3.3.3.2.7.5. The Semicarbazide-Sensitive Amine Oxidase (SSAO) inhibitory 

assay  

The procedure followed for the determination of the anti-inflammatory activity of the 

yogurt was described for cheese samples in the section 3.1.2.4. 

3.3.4. Statistical analysis 

Data were analyzed by using the SPSS package (SPSS 11.0 for windows, SPSS Inc., 

Chicago, IL, USA). All Data was analyzed using the General Linear Models procedure.  

For the physico-chemical composition and lipídic profile of milk and yogurt and for the 

texture and color of yogurts, the model accounted for the fixed effects of diet, time, and 

the interaction between diet and time. For the data of the physico-chemical composition 

the lipídic profile, color and texture of cheese, the model accounted for the fixed effects 

of diet, time, ripening and the interaction between diet, ripening and time. For the data 

of the antioxidant activity, the effect of the solvent extractant was included in each 
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model, for milk, yogurt and cheese. For the microbiological data of yogurt, the model 

accounted for diet, self life and the interaction between diet and self life. For the data of 

the anti-inflammatory activity of yogurt the model o accounted for the effect of the diet. 

In sensorial analysis, the test used to decide whether or not to reject the null hypothesis 

that state that there is no detectable difference between the three products is the χ2 (Chi-

squared). Values with statistically significant differences (P<0.05) were compared using 

Duncan’s Multiple Range test and designed by different letters. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Chi-squared_test
http://en.wikipedia.org/wiki/Chi-squared_test
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4.1. Evaluation of T. mastichina as source of natural 

antioxidants 

4.1.1. Evaluation of the bioactive properties of T. mastichina 

4.1.1.1. Total phenolic content (TPC) of marjoram extracts 

The Folin–Ciocalteu phenol assay was used to evaluate the total phenolic content 

present in the samples (Albano and Miguel, 2011; Dalar et al., 2012; Kerio et al., 2013; 

Roby et al., 2013). In the present study, the total phenolic content was expressed as 

gallic acid equivalent.  

Total phenolic content of extracts varied significantly according to the solvent used for 

the extraction (Table 4.1). Methanol extracts had significantly higher phenol content 

than ethanol or water extracts (195.71 ± 4.07, 168.96 ± 4.48  and 152.30 ± 5.44 mg 

GAE/g dry extract, respectively (P< 0.05), Table 4.1). Those results were in agreement 

with results reported by Barros et al. (2010) for T. mastichina, in which methanol 

extracts showed the highest values in comparison with ethanol and water extracts 

(165.29 ± 1.11, 109.09 ± 0.46 and 59.93 ± 0.06 mg GAE/g dry extract, respectively). 

The total phenolic content in the present results was higher than values reported by 

Barros et al. (2010), especially for water extracts. Those differences might be associated 

to the origin of the plants (Spanish vs Portuguese) since the edapho-climatological 

conditions were different in both areas. 

Other studies were carried out on T. mastichina, from the Spanish and the Portuguese 

regions, by using different procedures for the extraction of phenolic content, different to 

that described in the present study and also different parts of the plant (flowers, 

leaves..). Delgado et al. (2014) used the arterial parts (leaves and flowers) of the 

Spanish T. mastichina. The methanolic extracts were obtained by the application of a 

preliminary extraction with petroleum ether in order to eliminate chlorophyll and fats. 

The total phenolic content determined for twenty T. mastichina samples ranged between 

2.90 and 9.15 mg GAE/g dry extract. For T. mastichina from the Portuguese region, 

Albano and Miguel (2011) performed the analysis on the flowering aerial parts of the 

plant and used two different procedures for the extraction; the first one consisted of 

reextraction with methanol of the phenols from the dried plant material after the 

hydrodistillation for essential oils isolation and the second involved the maceration of 
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the chopped dried plant material with ethanol, suspension of the crude extract in 

distilled water and finally the extraction with diethyl ether, ethyl acetate, and n-butanol. 

Regardless of the extraction procedure and the solvent used, the total phenolic content 

ranged between 0.78 and 26.18 mg GAE/mL.  

The differences between results might mainly be associated to the solvent used, the 

extraction method and also the part of the plant on which the analyses were performed. 

Table 4. 1. Extraction yield and total phenolic content of marjoram extracts 

Sample Total phenols (mg GAE
a
/g dry extract) 

Water extract 152.30 
c
± 5.44 

Ethanol extract 168.96 
b 
± 4.48 

Methanol extract 195.71 
a
 ± 4.07 

a GAE, Gallic acid equivalent 

Values (mean ± SD, n=3) in the same column a different letter are significantly different (P< 0.05) 

Since T. mastichina belongs to the Lamiaceae family, results of total phenolic content 

will also be compared to species that belong to the same family or if data is available to 

the Thymus genus. Roby et al. (2013) reported that methanol was more efficient solvent 

in extracting phenols from the leaves of Thymus vulgaris L. than ethanol, diethyl ether 

and hexane (8.10; 7.30, 6.15 and 4.75 mg GAE/g of dry material, respectively). The 

best values of methanol extracts were observed for thyme (Thymus vulgaris L.) in 

comparison with sage (Salvia officinalis L.) and marjoram (Origanum majorana L.) and 

ranged from 8.1 to 3.9 mg GAE/g dry material. Similarly, results of Lagouri et al. 

(2009) revealed that the highest TPC was observed on leaves of Thymus vulgaris, 

extracted with methanol, in comparison with hexane and dichloromethane extracts 

(148.31; 11.97 and 7.35 mg caffeic acid/g, respectively) and also in comparison with 

methanol extracts of Origanum onites, Origanum dictamnus, and Rosmarinus officinalis 

(148.31; 128.58; 129.52 and 129.51 mg caffeic acid/g, respectively).  

Rababah et al. (2010) reported that the TPC determined in the methanol extracts of the 

Thymus capitatus leaves was higher than that of ethanol extracts, independently of the 

temperature used for the extraction (2419.9 vs 2323.6 mg GAE/100 g of dry material at 

60ºC and 1066.4 vs 219.8 mg GAE/100 g of dry material at 20ºC, respectively).  

In the other hand, results reported by Kırca and Arslan, (2008), where analyses were 

performed on methanolic extracts prepared from various parts of some selected plants 
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from Turkey belonging to the Lamiaceae family, showed that the highest values were 

observed in the flower extract of Origanum vulgare (92.70 ± 0.78 mg of GAE per g dry 

weight extract) and the lowest value was reported for seeds from Sideritis trojana 

(13.08 ± 0.07 mg of GAE per g dry weight extract). Moreover, Turumtay et al., (2014) 

working on the methanolic extracts of Anzer tea (Thymus praecox Opiz subsp. 

caucasicus var. caucasicus) showed that the lowest total phenolic content was detected 

in stem extracts whereas the highest concentration was found in flower extracts (11.95 ± 

0.196 and 24.59 ± 0.091 mg GAE per g dry weight, respectively). 

The values of the water extracts in the present study (152.30 ± 5.44) were similar to the 

values reported by Hinneburg et al. (2006) and Dorman et al. (2004) for Basil (Ocimum 

basilicum) and savory (Satureja cuneifolia Ten.) (147 ± 1.60 and 151 mg GAE/g dry 

extract, respectively) although different methods of drying were used. In the present 

study air-dried extracts were used whereas in the study carried out by Hinneburg et al. 

(2006) samples were freeze-dried. 

Besides the solvent used for the extraction, the part of the plant on which the analysis 

was performed as described above, the specie can also be responsible to some extent for 

the variability of the total phenolic content. Certainly, although similar phenolic 

compounds can be found in diverse plants when they belong to the same family 

(Yanishlieva et al., 2006), other phenolic compounds are as well specific to the species 

(Albano and Miguel, 2011). Furthermore, differences may also be associated to the wild 

origin of the plant. 

4.1.1.2. Radical scavenging activity (DPPH) of marjoram extracts 

The DPPH free radical scavenging activity assay was used to measure the ability of the 

samples to reduce the free radical DPPH and this method has been extensively used for 

plants and spices (Albano and Miguel, 2011; Delgado et al., 2014; Kırca and Arslan, 

2008; Lagouri et al., 2009). DPPH radical scavenging activity was expressed as Trolox 

equivalents per 100 grams of dry extract or as the extract concentration providing 50% 

of radicals scavenging activity (EC50).  

The DPPH free radical scavenging activity was measured in marjoram extracts 

(methanol, ethanol and water extracts) and followed a concentration-dependent pattern 

(Figure 4.1). As expected, an increase of the extract concentration (0.015-0.06 mg/mL) 

improved the scavenging activity; exponentially for the water and the ethanol extracts 
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(R
2 

= 0.999; R
2 

= 0.999, respectively) and in a polynomial fashion for the methanol 

extracts (R
2 

= 1). Those results were in agreements with those reported by Delgado et 

al. (2014), Lagouri et al. (2009) and Rababah et al. (2010). However, the scavenging 

activity of methanol extracts increased significantly (P<0.05) above concentration 0.03 

mg/mL since the optimum concentration at which it was suitable to compare the 

different solvent extracts was the central point which corresponded to 0.03 mg/mL. At 

this concentration, the DPPH free radical scavenging activity of methanol extracts was 

higher than that of water and ethanol extracts (58.85 ± 0.52, 35.12 ± 0.20 and 39.63 g 

Trolox/100 g of dry weight extract, respectively). The DPPH scavenging activity 

presented for the methanol extracts was in agreement with the results reported by 

Hossain et al. (2008) for the synthetic antioxidant (BHT) (80.85 g Trolox/100gDW).  

The DPPH free radical scavenging activity expressed as EC50, showed as well that 

methanolic extracts had higher antioxidant activity than ethanolic and water extracts 

(0.028, 0.044 and 0.052 mg/mL, respectively). Those results were in agreement with 

those reported by Barros et al. (2010), in which the DPPH radical scavenging activity of 

the methanolic extracts of T. mastichina was higher than those extracted with ethanol 

and water (0,69, 0,94 and 2,57 mg/ml). In general, regardless of the solvent used, values 

of the DPPH free radical scavenging activity in the present study were higher than those 

reported by Barros et al. (2010).  

As for phenolic content, the discrepancy between the present results and those observed 

in other studies on T. mastichina (Albano and Miguel, 2011; Delgado et al., 2014) 

might be associated to the fact that different parts of the plants were used for the 

determination of the antioxidant activity and to the difference between the extraction 

procedures. Delgado et al. (2014), in a study carried out on twenty Spanish T. 

mastichina, found that the DPPH scavenging activity of the methanolic extracts, 

expressed as EC25, ranged between 0,90 and 3.45 mg/mL. Albano and Miguel (2011) 

found, by using two different procedures and several solvents, as described for phenolic 

content, that the DPPH scavenging activity of the Portuguese T. mastichina, ranged 

between 2,7 and 8.3 µg/mL. 
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Figure 4. 1. DPPH radical-scavenging effect of methanol, ethanol and water extracts of 

marjoram 

In comparison with other species that belong to the Lamiaceae family, Rababah et al. 

(2010) reported that the DPPH free radicals scavenging activity of the methanolic 

extracts of T. mastichina, expressed as EC50, was higher than in oregano and thyme 

(0.119 ± 0.01 mg/mL). Moreover, the antioxidant activity of the methanolic extracts of 

T. mastichina was two times lower than that EC50 for the synthetic antioxidant (BHT) 

(0.019 mg/mL) (Rababah et al., 2010). Other studies have investigated the DPPH 

scavenging activity of other species of Thymus (Nickavar and Esbati, 2012; Turumtay et 

al., 2014) by using other solvents or other parts of the plant (flower, leaves and stems), 

different to that used in the present study. The DPPH scavenging activity of the 

ethanolic extract of T. kotschyanus, and T. pubescens, observed  by Nickavar and Esbati 

(2012), was similar to that observed for T. mastichina (0.0472, 0.0487 and 0.044 

mg/mL, respectively). Turumtay et al. (2014) used different parts of the Anzer tea 

(Thymus praecox Opiz subsp. caucasicus var. caucasicus) to measure the DPPH 

scavenging activity of the plant and found that the antioxidant activity of the flowers 

was the highest in comparison with  leaves and stems (0.060, 0.087 and 0.139 mg/mL, 

respectively) .  
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A significant correlation (r=0.976) was observed between the content of total phenols 

(mg GAE/g dry weight extract) and the DPPH scavenging activity (equivalent Trolox) 

of marjoram extracts. As expected, the DPPH scavenging activity of marjoram was 

higher following the same pattern as that observed for phenolic contents since extracts 

that contain high amount of polyphenols also exhibit high antioxidant activity (Wong et 

al., 2005). This linear correlation between antioxidant capacity and total phenolic 

content of aromatic plants and spices was also reported by Rababah et al. (2010), 

Turumtay et al. (2014), Hossain et al. (2010) and Liu et al. (2011) who reported 

coefficients of correlation between 0.852 to 0,965. However, other authors as Wong et 

al. (2005) and Kırca and Arslan, (2008) reported a low linear correlation (r = 0,566-

0,548 and 0.560, respectively). This lack of correlation might be associated to the fact 

that some plants contain bioactive components, others than phenolic compounds, with 

high antioxidant activity. 

Also in order to determine the effect of solvent as third variable, a partial correlation 

was performed. As result, the correlation between the primary variables (total phenolic 

content and DPPH scavenging activity) did not decreased (r= 0.996) in comparison with 

the Pearson’s correlation (r=0.976), which means that the solvent used (methanol, 

ethanol and water) did not affect significantly the relationship between the total 

phenolic content and the DPPH scavenging activity. However, when the correlation 

included only the methanol and the water extracts, the effect of solvent became 

significant (r = -0.071). Those results were in agreement with those mentioned before 

where a positive correlation was reported between antioxidant capacity and total 

phenolic content and also with those in which the effect of other factors, such the 

solvent used, could influence significantly this correlative relationship. 

As observed, the high antioxidant capacity of T. mastichina was mostly associated to its 

high phenolic content. As it shown below (Table 4.2), T. mastichina was rich in 

flavonoids (luteolin, quercetin and apigenin). Several study found that luteolin and 

quercetin has high antioxidant properties (Materska. 2008; Özgen. 2011) with quercetin 

being the compound with the highest radical scavenging activity in comparison with 

luteolin and apigenin (Majewska et al., 2011). 1,8-cineol, which is the main chemotype 

detected in the essential oil of T. mastichina L. was as well reported as a compound 

with high antioxidant activity (Blanco Salas. 2012). 
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4.1.1.3. SSAO inhibitory activity of marjoram extracts 

The inhibition of SSAO activity represents a target for anti-inflammation because 

SSAO plays a key role in inflammation process through its ability to produce catalytic 

products such as hydrogen peroxide and other reactives aldehydes species.  

The SSAO inhibitory activity of the water extracts of T. mastichina was compared with 

that of semicarbazide (positive control). The standard curve of semicarbazide was used 

to quantify the inhibitory activity of marjoram, which were 22.70, 28.13 and 57.27 μM 

of semicarbazide for 0.015, 0.3, and 0.9 mg/ml, respectively. 
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Figure 4. 2. Semicarbazide-sensitive amine oxidase (SSAO) inhibition curve 

T. mastichina was found to exhibit dose-dependent SSAO inhibitory activities of 

37.67%, 45.88% and 100%, respectively, for 0.15, 0.3 and 0.9 mg/mL of Marjoram 

(Figure 4.3). The EC50 of T. mastichina was much lower than that of semicarbazide 

(0.39 mg/ml and 3.53 µM which corresponds to 393,63 mg/ml, respectively). T. 

mastichina was found to be a strong SSAO inhibitor, and its EC50 was 1/1009 lower 

than EC50 for semicarbazide, which means that T. mastichina was more than one 

thousand time stronger than semicarbazide. The high value of EC50 might be associated 

to the fact that the SSAO assay was performed on the water extracts of the whole plant 

(T. mastichina) and not on an isolated compound such as in the results found by Lin et 

al. (2008), in a study performed on geranin isolated from P. niruri, in which geranin 

was reported as a strong SSAO inhibitor (about 1/5.2 that of semicarbazide).  

https://www.google.es/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&ved=0CDwQFjAB&url=http%3A%2F%2Fiupac.org%2Fpublications%2Fpac%2F73%2F9%2F1393%2Fpdf%2F&ei=A9SUUqvsKYq-0QXHhYD4BA&usg=AFQjCNFbob-1oWUcwOx4QtVUZKcB_H3iCQ
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Figure 4. 3. The inhibitory activities of marjoram (0.15, 0.3 and 0.9 mg/mL) and 

semicarbazide (3.125, 6.25, 12.5, 25 and 50 µM which corresponds to 348.5, 697.1, 

1394.1, 2788.2 and 5576.5 mg/mL) on SSAO activities 

Albano and Miguel (2011) in a study performed on the flowering aerial parts of T. 

mastichina used extraction procedures different to that described in the present study 

and used the 5-lipoxygenase assay to measure the anti-inflammatory activity of T. 

mastichina. In the same and in comparion with other species that belong to the 

Lamiaceae familly (Origanum vulgare, Salvia officinalis, Thymbra capitata, Thymus 

camphoratus and Thymus carnosus ) and for four extracts from a total of six, T. 

mastichina was found to be the strongest inhibitor of 5-Lipoxygenase. Consequently, 

regardless of the extraction procedures, the part of the plant on which the assay was 

performed and the method used for the determination of the anti-inflammatory activity 

T. mastichina was found to exert high anti-inflammatory activity. 

4.1.2. Characterization of phenolic compounds in T. mastichina L.  

4.1.2.1. Context 

Marjoram T. mastichina L. belongs to the Thymus species, which are well known as 

aromatic and medicinal plants (Jia et al., 2010), with antioxidant activities comparable 

to those of α-tocopherol and butylated hydroxytoluene [BHT] (Brewer. 2011). Their 

potent antioxidant properties have been mostly associated to the polyphenols present in 

the main composition (Hossain et al., 2010; Sørensen, et al., 2012). Many aromatic 

herbs and spices have been studied and to some extent their phenolic chemistry is 

known (Cai et al., 2004; Wojdyło et al., 2007) but few information is available in 

relation to the phenolic composition of T. mastichina L. 
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In the present study, the characterization of the polyphenols from T. mastichina L. was 

performed using the liquid chromatography-electrospray ionization-tandem mass 

spectrometry (LC-ESI-MS/MS). Liquid chromatography coupled to mass spectrometry 

(LC/MS) was widely reported as an efficient, accurate and specific method for the 

analysis of polyphenols in many natural products (Abad-García et al. 2009). Indeed, 

LC-ESI-MS/MS is recognized as a powerful analytical tool due to its high sensitivity, 

short run time, less use of toxic organic solvents compared to reversed phase HPLC 

coupled with diode-array detector and also for its ability to differentiate compounds 

with same nominal mass but different exact masses (Hossain et al., 2010; Liu et al., 

2005; Rauter et al., 2005).  

4.1.2.2. Mass spectrometric conditions for polyphenols of T. mastichina 

L. 

Polyphenols except polymeric tannins are usually small molecules and those are 

identified using mass spectral data in the mass range of m/z 100 to m/z 1000. The 

negative ionization mode is more suitable than the positive ionization mode for the 

acquisition of MS data from polyphenols, because they contain one or more hydroxyl 

and/or carboxylic acid groups (Hossain et al., 2010). The methanolic extracts showed 

the highest extraction yield, phenolic content and DPPH scavenging activity comparing 

to ethanol and water extracts. For these reasons phenolic characterization of marjoram 

was performed only on the methanol extract. Several studies have also used methanol 

rather than other solvents to extract the phenolic components from different aromatic 

plants (Hossain et al., 2010; Roby et al., 2013). Figure 4.4 showed the total ion current 

(TIC) chromatogram of marjoram extracted with methanol. The identification of each 

peak is specified in Table 4.2. 

A total of eighteen different polyphenols were identified and quantified calculating the 

accurate mass. Most of the identified compounds belong to the flavonoids class 

(seventeen) and one compound is a hydroxycinnamic acid derivative (rosmarinic acid). 

Since the amount of polyphenols is dependent on the extraction method, the use of the 

solide phase extraction in this study may had promoted the presence of flavonoids at the 

extent of the phenolic acids. 
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The largest number of polyphenols identified by LC-MS, in this study performed for T. 

mastichina L., belonged to the flavonoids class (Table 4.2). Seventeen flavonoids were 

identified through the use of reference standards and accurate mass measurement data. 

Reference standards were used to identify 5 flavonoids; luteolin-7-O-glucoside (4), 

luteolin (14), naringin (15), apigenin (16) and apigenin 7-O-glucoside (9). For the 

twelve remaining flavonoids, for which there were no ‘in-house’ standards, their 

identifications were based on accurate mass measurements and MS/MS experiments. 

The twelve flavonoids identified were dihydroquercetin-O-rhamnoside (1), quercetin 

glucoside (2), naringin glucoside (3), quercetin-O-arabinoside (5), isorhamnetin -O-

hexoside (6), quercetin- dihexoside (7), eriodictyol (8), apigenin 7-O-glucuronide (10), 

quercetin-hexoside-glucuronide (12), luteolin/-hexoside-glucuronide (13), kaempferide 

(17) and cirsimaritin (19). 

The fragmentation of the deprotonated molecular ion provided the aglycones as 

prominent fragments and the mass difference between the deprotonated molecular ion 

and the aglycone fragment determined the molecular mass of the glycoside substituent. 

The majority of flavonoids reported were present as glycosyl or /and glucuronyl 

conjugates.  
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Figure 4. 4. Phenolic analysis of marjoram extract by LC-MS 
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Other studies also reported the presence of the glycosyl and glucuronyl conjugates 

(Justesen. 2000; Hossain et al., 2010), but not bounded to the same aglycone, as in this 

study. Among the glycosylated flavonoids, the glucoside conjugates were the most 

commonly observed. Delgado et al. (2014) and Preira and Cardoso (2013), observed 

that species of Thymus usually comprise distinct glycosidic forms of the flavonoids 

luteolin, apigenin and narginin. The MS/MS experiments revealed that the [M-H]
-
 ions 

at m/z 463.09 eluting at 4.33 min, m/z 447.09 eluting at 5.16 min, m/z 433.11 eluting at 

6.02 min and m/z 431.10 eluting at 9.06 min were quercetin-glucoside, luteolin-7-O-

glucoside, narginin-glucoside and apigenin-7-O-glucoside, respectively. Moreover, 

isorhamnetin-O-hexoside and quercetin-dihexoside had similar fragmentation with the 

loss of one or two hexose moieties (162u), respectively. Glucoronide derivatives were 

also identified. Subsequent CID of apigenin-7-O-glucuronide showed the loss of a 

glucoronic acid (m/z 176.0) and produced the predominant fragment at m/z 269.0 

corresponding to the aglycone apigenin. The apigenin-glucuronide has been described 

for the first time by Kaiser et al. (2013) in marjoram (Origanum majorana L.). 

Furthermore in the daughter scan mode (MS/MS), the spectra presented fragments at 

m/z 301.0 and at m/z 285.0 corresponding to the deprotonated molecules quercetin and 

luteolin, respectively, after the loss of both glucosyl and glucuronyl moieties. In 

agreement with our findings the following glucosides and glucuronides were reported in 

oregano, rosemary and marjoram as apigenin-7-O-glucoside (Hossain et al., 2011; Lin 

et al., 2007), in sage as luteolin-7-O-glucoside and luteolin-7-O-glucuronide (Lu and 

Foo, 2001; Yanishlieva et al., 2006) and in thyme as luteolin-7-O-glucuronide 

(Dapkevicius et al., 2002). 

Only one arabinoside derivative was detected in the Thymus mastichina L. extract. This 

compound eluting at 8.13 was identified as quercetin-O-arabinoside (Table 4.2). The 

CID of quercetin-O-arabinoside showed the loss of a pentose (m/z 132) and produced 

the predominant fragment at m/z 301.0 corresponding to deprotonated quercetin. 

Furthermore in the MS/MS experiment, cirsimaritin (m/z 313.1) lost two consecutive 

methyl groups, which resulted in two fragment ions at m/z 298.0 and at m/z 283.1. 

Hossain et al. (2010) had previously reported similar results using LC-ESI-MS/MS on 

cirsimaritin in rosemary, oregano, sage, basil and thyme extracts.  

The quantities of each compound were expressed in µg kaempferol/mg dry weight and, 

luteolin-7-O-glucoside was the most abundant phenolic compound (6.22 µg 
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kaempferol/mg DWE) followed by quercetin glucoside (5.46 µg kaempferol/mg DWE) 

and luteolin (5.13 µg kaempferol/mg DWE). Many authors report that aglycones exhibit 

higher antioxidant activity than their glycosidic counterparts (Bravo. 1998; Kim and 

Lee, 2004; Rice-Evans et al., 1997). In addition, apigenin, naringin and eriodictyol were 

also present in significant amounts (3.76, 3.03 and 2.87 µg kaempferol/mg DWE, 

respectively). Those results were similar to values reported by Wojdyło et al. (2007) in 

which quercetin, luteolin and apigenin were the predominant flavonoids observed in 32 

aromatic plants. Moreover, Delgado et al. (2014) detected the presence of apigenin and 

luteolin in T. mastichina and those values were the highest in Salamanca and Soria 

provinces (0.15 to 0.91 mg/g and 0.35 to 1.85 mg/g, respectively). Additionally, Roby 

et al. (2013) reported that apigenin was the principle flavonoids (more than 70% of the 

total flavonoids) in marjoram leaves. Narginin was also reported to be abundant in 

salvia species growing in different habitats (Ben Farhat et al., 2013).  

Rosmarinic acid was the unique polyphenol from the hydroxycinnamic acid derivatives 

category identified with the LC-MS. It was recognized by comparing the retention time 

and the characteristic MS spectral data with that of the authentic standard (Table 4.2). 

Accurate mass measurements and fragmentation pattern during CID further confirmed 

their structural composition. The fragments produced, during CID analysis of the 

deprotonated ion at m/z 359.08 identified as rosmarinic acid, are caffeic acid at m/z 

179.0 and the 2-hydroxy derivative of hydrocaffeic acid at m/z 197.0. Similar pattern of 

fragmentation of rosmarinic acid has been already observed in other studies, analyzing 

different extracts of Lamiaceae spices (Herrero et al., 2010; Justesen, 2000; Shen et al., 

2010).  

The rosmarinic acid in the current study was present at high levels (1.94 µg 

kaempferol/mg DWE) but not as the main constituent. This result was in agreement 

with values published by Kaiser et al. (2013) in marjoram (Origanum majorana L.) 

extracts. However it contrast results, in Lamiaceae family or in Thyme genus, in which 

rosmarinic acid was confirmed to be the major constituent (Delgado et al., 2013; 

Herrero et al., 2011; Nagy et al., 2011; Ramchoun et al., 2012; Roby et al., 2013). 

Pseudomolecular ions at m/z 327.20 (observed exact mass 327,2171), m/z 320.20 

(observed exact mass 329,2328) and m/z 343.10 (observed exact mass 343,0818) eluting 

at 14.31 min, 15.39 min and 16.12 min respectively could not be identified. 
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Table 4. 2. Phenolic compounds identified in marjoram by LC-ESI-MS/MS 

Peak Polyphenols 

Emperical 

formula  

Obsd m/z 

[MH]- 

Calcd m/z 

[MH]- 

Major 

fragments 

ug kaempferol/mg 

DWE 

Retention 

time (min) 

1 Dihydroquercetin-3-O-rhamnoside C21H22O11 449,1100 449,1084 287 1,42 3,51 

2 Quercetin glucoside C21H20O12 463,0898 463,0877 301 5,46 4,33 

3 Naringin glucoside C21H22O10 433,1150 433,1135 271 1,50 6,02 

4 Luteolin-7-O-glucoside C21H19O11 447,0939 447,0927 285 6,22 7,30 

5 Quercetin-3-O-arabinoside C20H17O11 433,0784 433,7710 301 1,63 8,13 

6 Isorhamnetin-3-O-hexoside C22H21O12 477,1039 477,1033 315 1,18 8,29 

7 Quercetin 2-hexoside C30H25O15 625,1190 625,1193 301 0,69 8,53 

8 Eriodictyol C15H11O6 287,0559 287,0556 259 2,87 8,83 

9 Apigenin-7-O-glucoside C21H19O10 431,0992 431,0978 431 1,59 9,06 

10 Apigenin-7-O-glucuronide C21H17O11 445,0785 445,0771 269 0,65 9,28 

11 Rosmarinic acid C18H15O8 359,0788 359,0767 161 1,94 9,52 

12 Quercetin-hexoside-glucuronide C31H27O15 639,1339 639,1350 301 1,28 9,78 

13 Luteolin/-hexoside-glucuronide C31H27O14 623,1389 623,1401 285 0,63 10,51 

14 Luteolin C15H10O6 285,0406 285,0399 285 5,13 11,30 

15 Naringin  C15H11O5 271,0618 271,0606 151 3,03 12,09 

16 Apigenin C15H19O5 269,0454 269,0450 269 3,76 12,58 

17 Kaempferide C16H11O6 299,0569 299,0556 299 1,61 12,99 

18 Unknown C18H31O5 327,2175 327,2171 291 2,17 14,31 

19 Cirsimaritin C17H13O6 313,0724 313,0712     14,80 

20 Unknown C18H33O5 329,2343 329,2328   1,77 15,39 

21 Unknown C18H15O7 343,0835 343,0818   1,44 16,12 
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4.1.3. Optimization of extraction and yield of marjoram extracts 

The efficiencies of different solvents (water, ethanol and methanol) on the extraction of 

total polyphenols from T. mastichina L. were investigated. As shown in Table 4.3, the 

extraction yields varied significantly according to the extraction solvents used for 

extraction. In terms of total extraction yield, methanol was the most effective extractant 

solvent followed by ethanol and water (11.88, 8.51 and 7.91%, respectively). 

Those results were in agreement with other results published previously by Hossain et 

al. (2008) and Shan et al. (2005) where methanol was reported to be a highly efficient 

solvent for the extraction of phenolic antioxidant. According to Roby et al. (2013) the 

polarity of solvents is correlated with the degree of extraction. Higher polarity solvents 

were more efficient in extracting phenolic compound from plant material than lower 

polarity solvents such as ethanol and water.  

Table 4. 3. Extraction yield of marjoram extracts 

Sample                              Extraction yield (%)
a
 

Water extract                     7.91
b
± 0.52 

Ethanol extract                     8.51
b
± 0.27 

Methanol extract                      11.88
a
 ± 0.77 

a Extraction yield (%) = ((sample extract weight/sample weight) *100) 
Values (mean ± SD, n=3) in the same column a different letter are significantly different (p< 0.05) 
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4.2. Evaluation of the animal and lactation performances of 

sheep 

4.2.1. Evaluation of the animal performances of non-lactating 

ewes 

4.2.1.1. Control of the individual dry matter intake (iDMI) and body 

weight 

Results of body weight and individual dry matter intake (iDMI) were showed in the 

Table 4.4. Significant differences in the average of body weight, during the 

experimental period, were observed between the three groups of ewes (P<0.001). 

Marjoram group (TM) had the lowest body weight in comparison with the control (CO) 

and the canola seed group (CS). The values for body weight were between 40.80 and 

63.80 kg for all the animals during the experimental period. 

The individual dry matter intake differed between groups (P<0.05). No significant 

difference was observed between the CS group and the CO group. These results were in 

accordance with those reported by Huang et al. (2009) in which the DM intake of non-

lactating ewes was not affected by the fat supplementation. However, the TM group had 

lower intake in comparison with the CS group (Table 4.4), but it need to be mentioned 

that once the individual dry matter intake was expressed as g/kg of body weight the 

difference between both groups became not significant which means that the difference 

observed for the body weight could partly explain the difference observed for the dry 

matter intake.  

Table 4. 4. Effect of feeding treatments on individual dry matter intake and body weight 

Item Treatments
1
 SEM

2
 P<

3
 

CO CS TM D 

iDM intake (g/d) 2069 
ab

 2218 
a
 1950 

b
 40,66 0.022 

Body weight (kg) 50.93
 a
 50.21

 a
 48.17

 b
 0.359 <0.001 

DM intake(g/kg BW) 40.80 44.18 40.28 0.777 0.079 

1Refers to treatments: control diet (CO); canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by the marjoram)  
2SEM: standard error of least square means 
3Probability of significant effects due to the experimental diets (D) 
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4.2.1.2. Control of digestibility and nitrogen balance 

No significant difference in the total tract digestibility of DM, CP, NDF, ADF and EE 

was observed between ewes fed with control diet and ewes fed with CS diet (P>0.05). 

These results were in agreement with values reported by Zhang et al. (2007) in lactating 

ewes in spite of the differences between both studies, such as the level of inclusion of 

canola seed (2.85% vs. 7.3%, respectively). Similar results were also found in dairy 

cows fed with canola seed as oilseed supplementation (Neves et al., 2009). However, 

Enjalbert et al. (2004) reported a decrease in the total tract nutrient digestibility in sheep 

fed with ruminal infusion of soy oil or calcium sodium chlorides of soy oil fatty acids. 

The difference between studies may be related to the amount and nature of the 

supplemental fat and also to the nature of the basal diet (Doreau and Chilliard, 1997). 

Indeed, according to Jenkins et al. (2008) when fatty acids especially unsaturated fatty 

acids are provided in excess, ruminal microbial metabolism depressed. However, 

Gomez-Cortés et al. (2008), reported that using a diet with 6% of soybean oil, contrast 

the widespread idea that an excess of polyunsaturated fatty acids can alter ruminal 

metabolism, even if the mechanisms involved still not clear. Regarding fat from 

oilseeds, Palmquist (1990) reported that to limit the negative effects of unsaturated fat 

on ruminal fermentation, the supplementation needs to be limited to about 2 ± 3% of 

DM. In the present study the amount of canola seed used was 2.85% on a dry matter 

basis, which could explain, partially, the observed results. 

Table 4. 5. Effect of feeding treatments on apparent digestibility and nitrogen balance 

Item Treatments
1
 SEM

2
 P<

3
 

CO CS TM D 

 Apparent digestibility, %     
 

Dry matter (DM) 74,38
a
 75,27

a
 72,36

b
 0,387 0.003 

Crude protein (CP) 77,84
a
 77,85

a
 75,64

b
 0,393 0.02 

Neutral detergent fiber (NDF) 54,64
ab

 56,83
a
 52,52

b
 0,765 0.06 

Acid detergent fiber (ADF) 54,12
ab

 57,12
a
 50,76

b
 0,884 0.007 

Ether extract (EE) 71,79
b
 71.53

 b
 77,29

a
 0,899 0.007 

 Nitrogen balance (g/day)      

Nitrogen Intake  22.53±2.68 24.60±2.92 23.05±2.74 0.573 0.995 

Retained nitrogen  10.03±2.71 10.06±2.37 10.17±3.45 0.562 0.321 

1Refers to treatments: control diet (CO); canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by the marjoram)  
2SEM: standard error of least square means 
3Probability of significant effects due to the experimental diets (D) 
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The inclusion of canola seed had no effect on crude protein digestibility (P>0.05) and, 

no difference (P>0.05) was observed in nitrogen intake and in retained nitrogen 

between the CO group and the CS group. The results were in agreement with values 

found by Huang et al. (2009) in sheep fed with 1% CLA as free acid or as calcium 

sodium chloride. However, other authors reported an increase in the apparent 

digestibility of nitrogen in ewes (Castro et al., 2009; Appeddu et al., 2004), which may 

related to variations in dietary nitrogen and not to the lipid supplementation because 

endogenous nitrogen passing through the duodenum does not vary to a large extent 

when lipids are added to the diet (Doreau and Ferlay, 1995). Martínez- Marín et al. 

(2011) also reported that the effect of lipid supplementation on ruminal and total protein 

digestion is not relevant. 

No differences regardless of fat digestibility were observed in the present study, which 

was in agreement with other results reported in sheep fed different sources of fat by 

Castro et al. (2009) and Appeddu et al. (2004). However, Reddy et al. (2003) found an 

increase in fat digestibility in Deccani sheep fed dietary protected lipids. Doreau and 

Chilliard (1997) advanced that even if it is often considered that fat supplementation 

increases fat digestibility in ruminants, this increase is an underestimation of fat intake 

in diets non-supplemented with fat, in which FA, incorporated in cell structures, are not 

easy to extract by classical methods, whereas supplemental lipids, which are generally 

triacylglycerols, are easily extractable. For these reasons the author concluded that 

results are questionable and should be used only to compare the digestibility of different 

sources of lipid given in the same amounts. 

The substitution of 7.5% of the CS diet by the marjoram plant induced changes on 

animal responses. A significant decrease (P<0.05) was observed in DM, CP, NDF and 

ADF digestibility, meanwhile a significant increase was observed for lipid digestibility 

(P<0.01). The observed decreases might be associated to the high content in NDF and 

ADF of TM diet in comparison with CO and CS diets (Table 3.1) and also to the 

inhibition of protozoal, cellulolytic bacteria and/or fungal growth in the rumen, as result 

of the antioxidant compounds supplementation (Ferme et al., 2004 and Sivakumaran et 

al., 2004). Furthermore, polyphenols had adverse effects because they bind and 

precipitate macromolecules, such as dietary protein, carbohydrate, and digestive 

enzymes reducing thereby food digestibility (Bravo. 1998). However, the present results 

were in contrast with values reported by Kim et al., (2002), in which the digestibility of 
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all the nutrients increased with the addition of a whole aromatic plant (wormwood; 

Artemisia sp.) in sheep diets. Moreover, Ko et al. (2006) reported a significant increase 

of EE digestibility with the addition of whole aromatic plant (wormwood; Artemisia sp.) 

in sheep diets. The observed increase was associated to the presence of 6,7-

dimethylesculetin, capillarisin and coumarin in the plant which would stimulate the 

secretion of bile sodium chlorides and lipolytic enzymes in the small intestine.  

In the present study, the increase of the fat digestibility could be related to the phenolic 

compounds present in marjoram plant, which acted as scavengers of free radicals and 

chelators of metal ions that were capable of catalyzing lipid peroxidation (Bravo. 1998) 

which may preserved the lipids in the diets from oxidation and made them more 

available for the microorganisms in the rumen. In the other hand, the fact that marjoram 

did not improve the digestibility of DM, CP, NDF and ADF could be explained by the 

fact that antioxidants compounds only improve the negative effect of excessive 

unsaturated fatty acids (Vázquez-Añón and Jenkins, 2007; and Hino et al., 1993). And, 

in the present study no excessive unsaturated fatty acids was provided and no negative 

effect on the digestibility of DM, CP, NDF and ADF was observed with canola seed 

supplementation, which means that no negative effects were needed to be improved by 

TM diet. Moreover, the increase of fat digestibility with MP diet sustains this 

observation because among the nutrients digestibility, the fat digestibility was the only 

parameter negatively affected by the canola seed supplementation.   

Vázquez-Añón and Jenkins (2007), in order to obtain positive results, used a highly 

lipophylic quinoline antioxidant compounds which under an aqueous solution such as 

rumen fluid, these compounds stayed within the lipid moieties, protecting the fatty acids 

from further peroxidation and reducing the toxic effect of unsaturated fatty acids. 

Additionally, in vitro experiments showed that the polyphenols concentration should not 

exceed 20-30 mg/g feed in order to protect rumen feed degradability and microbial 

growth (Makkar et al., 2007; Alexander et al., 2008; Hart et al., 2008).  

In the present study, the percentage of 7.5% of Thymus mastichina was the same as that 

used by Nieto et al. (2010, 2011) in sheep fed other type of thyme (Thymus zygis ssp. 

gracilis) and where no negative effects were reported on animal metabolism. 

Furthermore, the total phenolic content in marjoram diet (TM), which was 7.5% of the 

total phenolic content in marjoram plant (11.42-14.68 mg GAE/g feed, Table 4.1) did 

not exceed the range reported in the studies mentioned above. 
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4.2.2. Evaluation of animal and lactation performances of 

lactating ewes 

4.2.2.1. Control of dry matter intake (DMI)  

The average of voluntary dry matter intake, recorded diary for each group of ewes 

during 4 weeks, was 3618 ± 36.5; 3356 ± 25.9 and 2815 ± 19.9 g/d for the CO group, 

the CS group and the TM group, respectively. Significant differences were found 

between all the groups (P<0.05). The highest value was observed for the control group 

and the lowest for the marjoram group. No significant changes in the dry matter intake 

of the different group of ewes were reported throughout the experimental period 

(P>0.05). 
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Figure 4. 5. Evolution of the dry matter intake during the experimental period 

The inclusion of canola seed affected negatively the DMI and this result contrast that 

reported by Zhang et al. (2007) in which DM intake of lactating ewes was not affected 

by canola seed supplementation. This decrease might be associated to the amount of 

fatty acids included in the diet (Wang et al., 2012) or to the degree of unsaturation of 

those fatty acids (Eastridge and Firkins, 2000; He and Armentano, 2011).  

In the present study, the decrease of the DMI with the TM diet could be associated to its 

high content in fiber (NDF and ADF) in comparison with the CO and CS diets. This 

result was in contrast with others results in dairy cattle in which the inclusion of 

antioxidants in diets enriched with polyunsaturated fatty acids did not affect feed intake 
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(Wang et al., 2010; He and Armentano, 2011) or did increase the DM intake (Vázquez-

Añón and Jenkins, 2007; Vázquez-Añón et al., 2008). 

No significant differences were observed for body weight regardless of diet and no 

significant changes were reported for body weight throughout the experimental period 

(Table 4.6). 

4.2.2.2. Control of milk production 

No significant differences were observed for milk yield regardless of diet (P>0.05). No 

significant modifications were found throughout the experimental period (Table 4.6). 

Table 4. 6. Effect of feeding treatments on body weight and milk yield 

1Refers to treatments: control diet (CO); canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by the marjoram)  
2SEM: standard error of least square means 
3Probability of significant effects due to experimental diets (D), time on diet (T) and their interaction (D×T) 

The addition of canola seed did not affect (P>0.10) the daily milk yield (on average 

2.31 kg/d). Those results were in agreement with several studies in which supplemental 

fat does not influence milk production (Gomez-Cortés et al., 2011b; Appedu et al., 

2004). Indeed, according to Zhang et al. (2006a) even if supplemental fat is usually fed 

to increase energy density of the diet in order to increase milk production, the 

production does not always respond positively. In agreement with the foregoing, Sanz 

Sampelayo et al. (2007) reported that in most cases, and independently of the food 

intake, milk production does not vary significantly. The main important factors 

responsible of the increase of the quantity and composition of milk production were the 

high energy supply of the diet (Gomez-Cortés et al., 2009) and the energy status of the 

animal (Sanz Sampelayo et al., 2007). In the present study no significant differences 

were reported regarding  EB of the diets or body weight of the different group of 

animals (P>0.10) which can be an explanation for the unchanged results as regards milk 

yield. 

 

Item Treatments
1
 SEM

2
 P<

3
 

Control CS MP  D T D×T 

Body weight (kg) 

Milk yield (g/d) 

84.86 

2211 

79.12 

2506 

78.33 

2220 

1.170 

73.88 

0.361 

0.541 

0.051 

<0.001 

0.881 

0.190 
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Figure 4. 6. Evolution of milk yield during the experimental period 

As with canola seed diet, no significant differences (P>0.10) were reported either for 

milk yield with the marjoram diet. Those results were in agreement with other studies in 

which milk yield was not affected by the inclusion of an antioxidant in the diet; Vitamin 

E (Smith et al., 2003), 0,025% DM Agrado Plus (He and Armentano, 2010) and β-

carotene (De Ondarza et al., 2009). However others studies reported a significant 

improvement of the milk yield (Vázquez-Añón et al., 2008; Wang et al., 2010; Wang et 

al., 2012). Wang et al., (2012) associated the increase of milk yield in cows fed 

antioxidant to the anti-oxidative status of the cows and not to the increase of DMI. In 

the other hand, Vázquez-Añón et al. (2008) related the increment of the milk yield to 

the increase of DM, OM and fiber digestibility of the diet. In the present study, the 

decrease of the DM and fiber digestibility did not affect negatively the milk yield. 
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4.3. Characterization of milk and dairy products 

4.3.1. Characterization of ewe’s milk 

4.3.1.1. Determination of the physico-chemical composition of milk 

Physicochemical composition of milk was analyzed in order to compare the effect of 

diets during the experimental period (Table 4.7). The results showed significant 

differences between treatments (CO, CS and TM). Significant changes were reported 

for all the physicochemical parameters throughout the experimental period, except for 

lactose. 

Table 4. 7. Effect of diets on the physicochemical composition of milk    

Item Treatments
1
 SEM

2
 P<

3
 

 Control CS MP D T D×T 

Composition        

Fat (%) 5.68 
a
 5.43

 b
 5.31

 c
 0.039 <0.001 <0.001 <0.001 

Protein (%) 4.82
 b
 4.80

 c
 4.91

 a
 0.013 <0.001 <0.001 <0.001 

Casein (%) 3.77
 ab

 3.73
 cb

 3.80
 a
 0.030 0.033 0.008 <0.001 

Lactose (%) 4.97
 
 4.96 4.96

 
 0.013 0.085 <0.001 0.078 

Total solids (%) 16.37
 a
 16.10

 b
 16.06

 c
 0.037 <0.001 <0.001 <0.001 

Somatic cells (10
6
/mL) 1.33

 c
 1.85

 b
 2.53

 a
 0.891 <0.001 <0.001 <0.001 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of CS diet by marjoram) 
2SEM: standard error of least square means 
3Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

A significant decrease was observed for fat, protein and total solids content between CO 

and CS milk. For TM milk in comparison with CS milk, a significant decrease in fat and 

total solids content was found whereas an increase in protein and casein content was 

observed (P<0.05).  

Milk fat, protein, casein and total solids contents were significantly affected by the 

addition of canola seed (P<0.05). The fat content decreased by the addition of canola 

seed and the results were in agreement with the values reported by Zhang et al. (2006a) 

for flaxseed and sunflower seed (6.7 and 5.9%, respectively) in which fat content 

decreased substantially. However, other studies did not observe any change (Gomez-

Cortés et al., 2009; Gomez-Cortés et al., 2011a, b; Mughetti et al., 2012), reported 

increase (Zhang et al., 2006b; Hervás et al., 2008) as result of fat supplementation. 

Those differences might be associated to the type of fat incorporated in the diet (vegetal 

oils, oilseeds or protected fat) (Palmquist. 2006). The decrease of fat in milk might be 
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related to the combination of several factors. Actually, in the present study, ewes were 

supplemented with a low-fiber diets with a large proportions of readily-fermentable 

carbohydrates (starch), which might decrease the production of acetate and butyrate in 

the rumen and consequently limit the milk fat synthesis (Bauman and Griinari, 2001; 

Palmquist. 2006; Pulina et al., 2006). Moreover, the level of unsaturated fatty acids in 

CS diet might act as an inhibitor of the de novo synthesis of milk and consequently 

contribute to milk fat depression (Zhang et al., 2006a). The ruminal degradability of the 

extruded canola seed used might also affect the fat content by improving the rate of 

release of PUFA into the rumen that might increase the amount of trans-fatty acids 

intermediates leaving the rumen and consequently the risk of milk fat depression 

(Bauman and Griinari, 2001). Furthermore, the dry matter intake in ewes fed CS diet 

decreased in comparison with CO ewes which could increase the delivery and uptake of 

long chain fatty acids from the body fat mobilization and consequently inhibit de novo 

synthesis of milk and the mammary gland’s ability to synthesize milk fat (He and 

Armentano, 2011). 

On the other hand, the inclusion of marjoram in CS diet induced a significant decrease 

of milk fat content (P<0.05). The present results were in contrast with other studies 

where the inclusion of antioxidants in animal diet did not affect milk composition (He 

and Armentano, 2010; Wang et al., 2010; Wang et al., 2012), or studies where an 

increase was reported when plant extracts or commercial antioxidants were included 

(Chiofalo et al. 2012; Vázquez-Añón et al., 2008, respectively). However, it needs to be 

mentioned that the mechanism by which antioxidant improve milk fat content is not 

clear yet (Vázquez-Añón et al., 2008). In the present study, the decrease of milk fat in 

TM milk in comparison with CS milk might be associated to the fact that TM, as natural 

antioxidant, protected the unsaturated fatty acids from oxidation before its absorption 

(Vázquez-Añón et al., 2008) and consequently inhibited the de novo synthesis of milk 

which led to the decrease in fat proportion. Moreover, the dry matter intake of ewes fed 

TM diet decreased substantially which might inhibit the de novo synthesis of milk. 

A significant decrease in protein content was found in ewes fed with canola seed diet in 

comparison with ewes fed with the control diet, and this decrease was in agreement with 

results reported by Zhang et al. (2006a) in which milk from ewes fed flaxseed and 

sunflower seed and also with other studies that used different vegetal oils such as 

soybean oil and sunflower oil (Mele et al., 2006; Hervàs et al., 2008; Gomez-Cortés et 
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al., 2011b). The decrease in casein content was in agreement with the results reported 

by Osuna et al. (1998) in lactating ewes that received calcium soaps of fatty acids alone 

or in combination with whole sunflower seed. This reduction in protein and casein 

contents might be related to the insufficient availability of amino acids to the mammary 

gland for the increased milk yield stimulated by fat supplementation (Gaynor et al., 

1994; Pulina et al., 2006). In fact, in the present study, milk yield increased numerically 

with canola seed supplementation (2211 vs 2505 g/d). The involvement of impaired 

metabolism of insulin or glucose in the mammary gland reducing milk protein 

proportion when fats are fed to lactating ruminants might also be associated to this 

reduction (Dhiman et al., 1995). However, the results were in contrast with others in 

which feeding fat to lactating ewes had no effect on protein content (Zhang et al., 

2006b; Gomez-Cortés et al., 2008; Castro et al., 2009; Gomez-Cortés et al., 2009; 

Bodas et al., 2010; Gomez-Cortés et al., 2011a). 

In contrast ewes fed with marjoram showed a difference in the values of protein. The 

observed results were in agreement with values reported by Chiofalo et al. (2012) and 

Wang et al. (1996) but in contrast with results reported by Vázquez-Añón et al. (2008) 

in which the milk protein content decreased substantially. The increase in protein 

content might be related to the fact that in the reticulorumen, phenolic compounds 

interact with proteins which inhibit its utilization in the rumen by indigenous micro-

organisms and reduce its degradation (Chiofalo et al., 2012; Hart et al., 2008). But, 

once into the abomasums, the complex of phenolic compound–undegradable protein 

breaks down and the released protein is degraded and utilized by the ruminant (Wilkins 

and Jones, 2000; O’Connell and Fox, 2001) which enhance the amino acids availability 

in the small intestine (Jouany and Morgavi, 2007) and subsequently in the mammary 

gland for the synthesis of milk protein. 

The somatic cell counts (SCC) are used as an indicator of animal health and milk 

quality in the dairy industry (Boutoial et al., 2013). Maximum levels in milk are set by 

health officials to assure milk quality supply from dairy farmers to milk and dairy 

product consumers. However, in the European Union (EU), there is no legal limit for 

the SSC in goats and sheep milk and the legal limit for cow’s milk is 400.000 ml
−1

 

(Directive 92/46ECC). The values determined for somatic cells in the three batches of 

milk were 1.33 10
6
 mL

−1
; 1.85 10

6
 mL

−1 
and 2.53 10

6
 mL

−1 
for CO, CS and TM milk, 

respectively.  
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The effect of time on milk composition was showed in the Table 4.8, in which 

significant differences were reported. During the experimental period, the milk fat and 

total solids content decreased substantially in all milks (P<0.05) whilst the protein 

content did not change for CO and CS diet and increased for TM diet.  

Table 4. 8. Effect of time on the physicochemical composition of milk 

Diets 
1 Time 

2
 Fat (%) Total solids (%) Protein (%) 

CO Beginning 5.80 ± 0.01
 a
 16.58 ± 0.02

 a
 4.80± 0.02

 a
 

Middle 5.70 ± 0.01
 b
 16.33 ± 0.03

 b
 4.83± 0.04

 a
 

End 5.54 ± 0.02
 c
 16.19 ± 0.03

 c
 4.83± 0.01

 a
 

CS Beginning 5.83 ± 0.01
 a
 16.53 ± 0.02

 b
 4.71± 0.01

 a
 

Middle 4.98 ± 0.04
 b
 16.73 ± 0.03

 a
 4.96± 0.21

 a
 

End 5.49 ± 0.02
 c
 16.03 ± 0.03

 c
 4.73± 0.01

 a
 

TM Beginning 5.39 ± 0.01
 b
 16.26 ± 0.02

 a
 4.86± 0.01

 b
 

Middle 5.48± 0.01
 a
 15.99 ± 0.03

 b
 4.83± 0.04

 b
 

End 5.06 ± 0.01
 c
 15.91 ± 0.02

 c
 5.04± 0.01

 a
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: the experimental period (beginning and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

4.3.1.2. Characterization of the lipidic profile of milk 

4.3.1.2.1. Fatty acid (FAs) composition of milk 

The fatty acid profile of the milk fat of ewes fed with different diets (CO, CS and TM) 

was shown in the Table 4.9. As can be observed, there were significant differences in 

the composition of milk associated to the type of diet. No modifications of the fatty acid 

profile through the experimental period was observed for saturated, mono-unsaturated, 

poly-unsaturated and short chain fatty acids whereas significant effect of the time was 

reported for medium chain and long chain fatty acids. 

The inclusion of canola seed in the diet produced a significant increase in the 18-C atom 

FA content, at the expense of a decrease in C10:0, C12:0, C14:0 and C16:0 saturated 

FA concentration. Similar results were reported in sheep in others studies where 

different plant oils were used (Gomez-Cortés et al., 2009; Gomez-Cortés et al., 2011a). 
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However, little information has been reported as regards dairy ewes fed canola seed. In 

dairy cows, a decrease in the saturated fatty acids (SFA; C8 to C16) with canola seed 

supplementation was as well reported (Delbecchi et al., 2001). 

On the other hand, the marjoram diet induced an increase in the 18-C atom FA content, 

higher than that induced by the supplementation of canola seed (P<0.001). Significant 

decrease was observed for the total SFA and short chain fatty acids (SCFA) for TM diet 

in comparison with CS diet. This result was in agreement with the result found by 

Vázquez-Añón et al. (2008) in which a significant decrease in SCFA (4:0 to 12:0) was 

reported in milk fat content of cows fed with dietary antioxidant (Agrado Plus). The 

reasons for the decrease observed with CS diet and with TM diet might be associated to 

the fact that long-chain fatty acids (18 or more carbon atoms), from the feed or the 

mobilization of body reserves, inhibited the synthesis of acetyl-CoA carboxylase and 

thus decreasing de novo synthesis in mammary gland cells (Chilliard et al., 2003).  

The reported results were advantageous for human health because the intake of these 

SFA is related with increments in the cardiovascular disease markers in plasma as LDL-

cholesterol (Fontecha et al., 2011). Moreover, C16:0 and C14:0 are implicated as 

hypercholesterolemic agents (Bell et al., 2006) and C4:0 was described as an 

anticarcinogenic agent with ability to inhibit growth in a wide range of human cancer 

cell lines at lower concentrations (Blank-Porat et al., 2007).  

The increased C18:0 levels in ewe milk with CS or TM diets could be the result of the 

total rumen biohydrogenation of part of the unsaturated dietary C18. According to 

Grummer (1991) it is easier to increase the C18:0 content of the fat in milk with 

supplements rich in mono and polyunsaturated fatty acids than with supplements that 

provide stearic acid per se, which was in agreement with the results reported in the 

present work.  
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Table 4. 9. Effect of diets on milk fatty acid profile (g/100g of fatty acids) 

 
1 Abbreviations: VA, vaccenic acid; RA, rumenic acid; SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-
unsaturated fatty acids; SCFA, short chain fatty acids (C4:0-C12:0); MCFA, medium chain fatty acids (C14:0iso-C17:0); LCFA, long 
chain fatty acids (>C18:0) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 
5 AI= Atherogenicity index: (12:0 + (4 × (14:0) + 16:0)/ (MUFA+PUFA)  
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The increase observed in the oleic acid (cis-9 C18:1) content in milk fat (P < 0.05) with  

CS and TM diet in comparison with the control diet could be due to the higher presence 

of unsaturated dietary C18 in the modified diets and to the action of the Δ
9
-desaturase 

enzyme on the mammary gland on the portion of C18:0 generated in the rumen. 

Furthermore, the increase reported with TM diet was significantly higher than the 

reported for CS diet (P<0.05). The higher concentration of oleic acid in milk with TM 

diet might be related to the fact that antioxidants may preserve unsaturated fatty acids 

from oxidation before its absorption as reported by Vázquez-Añón et al. (2008). 

Regardless of CS and TM diets in comparison with the control diet and except for trans-

6+8 C18:1 where a significant decrease (P>0.05) was observed, no change or an 

increase was reported for the rest of the isomers of 18-C monounsaturated FA. 

Concerning trans-10 C18:1, no significant variation was observed and it was in 

agreement with that found by Gomez-Cortés et al. (2009) with extruded linseed 

included at 6 and 12% in the diet. However, it was in contrast with others where an 

increase was reported by using vegetal oils (Bodas et al., 2010; Gomez-Cortés et al., 

2008, 2011; Hervas et al., 2008; Mele et al., 2006). The lack of decrease of trans-10 

C18:1 with TM diet in comparison with CS diet was in agreement with the results 

reported by He and Armentano (2011) where Agrado Plus (commercial antioxidant) by 

oils interaction (palm oil; high-oleic safflower oil; linseed oil corn oil and high-linoleic 

safflower oil) did not inhibit the secretion of trans-10 C18:1. However, this result was 

in contrast with that of Pottier et al. (2006) where a lower concentration of trans-10 

C18:1 was reported in dairy cows fed linseed diet supplemented with vitamin E.  

The result observed for trans-10 C18:1 might be associated to the undetectable presence 

of trans-10, cis-12 C18:2 in the milk fat content, which is the precursor of trans-10 

C18:1 in the rumen, under certain rumen conditions (Bauman and Griinari, 2001). 

Furthermore, Gomez-Cortés et al. (2009) reported that the lack of increase in trans-10 

C18:1 might also be linked to the source of lipid supplementation.  

In the other hand, the trans-11 C18:1 (VA) which is well-known as the major trans 

isomer produced during PUFA biohydrogenation (Chillard and Ferlay, 2004) increased 

substantially with CS and MP diet (P<0.001). According to Gaynor et al. (1994), diets 

containing high percentage of concentrate and unsaturated fats would likely increase the 

production of trans-11 C18:1. Moreover, the formation of trans-11 C18:1 in the rumen 

is a function of the overall accumulation of trans C18:1 with minimal shifts towards 
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trans-10 C18:1 (Bell et al., 2006). Consequently, the increase of VA content for CS and 

for TM diet (P<0.01) might be partly associated to the lack of increase of the trans-10 

C18:1 content. Similar results, concerning VA content, was reported by others authors 

using different plant oils (Bodas et al., 2010; Gomez-Cortés et al., 2011). Moreover, the 

increase achieved with marjoram diet was significantly higher than that with CS diet. 

This result was in agreement with other studies in which an increase in VA was reported 

as well (Bell et al., 2006). However, this finding was in contrast with the results 

reported by Vázquez-Añón et al. (2008) in which a decrease of VA content was found 

and was associated to a lower ruminal hydrogenation and trans-isomerization of C18:1. 

Furthermore, a positive relationship was reported between milk fat depression and the 

increase of trans-11 C18:1 concentration (Bauman and Griinari, 2001; Gaynor et al. 

(1994) which was in agreement with the present results. 

The decrease in linoleic acid level in the milk fat content of ewes fed canola seed might 

be partly justified by the lower content of linoleic acid in the CS-supplemented ration 

(Table 3.1). In the other hand, the increase induced by the inclusion of TM might be 

related to the fact that antioxidants may preserve unsaturated fatty acids from oxidation 

before its absorption as suggested for the oleic acid. The rumenic acid (RA) content 

followed the same pattern as that observed for VA, which was expected due to the 

significant correlation usually reported between VA and RA in ewe milk fat (Gomez-

Cortés et al., 2011a). The reasons for the increase in RA content should be associated to 

the same reasons as for the increase in VA percentage because most of RA is produced 

in the mammary gland due to the activity of the Δ
9
-desaturase enzyme on the VA 

generated in the rumen. Those results were in agreement with several studies in which 

supplemental fat increase substantially the RA content (Gomez-Cortés et al., 2008; 

Gomez-Cortés et al., 2009). Furthermore, the enhancement observed for RA content, as 

result of the inclusion of marjoram was in agreement with values reported by Bell et al. 

(2006) in which monensin in combination with safflower oil induced greater trans-11 

C18:1 accumulation in the rumen and consequently an enhancement of cis-9, trans-11 

CLA levels suggesting an apparent synergistic effect of monensin with safflower, which 

could be, as well, occurring in the present study. According to Hervás et al. (2008), 

from a nutritional point of view, those changes were in the direction of a healthier FA 

profile. 
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The level of PUFA in CS milk was lower than in CO diet which might be related to the 

high level of linoleic acid in the CO diet in comparison with the CS diet. Similarly, the 

highest content of PUFA in TM milk might be associated to its high level of linoleic 

acid since it was preserved from oxidation before its absorption as suggested above. 

These results were in agreement with values reported by Boutoial et al. (2013) in the 

milk of goats fed with rosemary (Rosmarinus officinalis spp.). 

As a result of the higher levels of unsaturated FA and lower levels of saturated ones, a 

significant effect was observed on the atherogenicity index value (AI) in milk from 

ewes fed diets supplemented with canola seed alone or in combination with marjoram 

plant (Table 4.9). However, further studies need to be carried out for a better 

understanding of the effect of dietary antioxidant on the biohydrogenation process in the 

rumen. 

4.3.1.2.2. CLA isomers profile of milk 

The CLA isomers profile were identified by using the Silver ion (Ag
+
)-HPLC. The Ag

+
-

HPLC profiles exhibited a first chromatographic zone where the different trans-trans 

compounds separated, followed by a zone in which the cis/trans compounds eluted 

(Figure 4.4). Under the Ag
+
-HPLC conditions, the two groups of isomers eluted during 

54 min of run. The trans-trans and the cis-trans groups eluted between 20 and 32 min 

and 46 and 54 min, respectively as shown in the Figure 4.7.  

The CLA isomers identified corresponded to the trans-trans isomers (6-8, 7-9, 8-10, 9-

11, 10-12, 11-13 and 12-14) (Figure 4.4 and Table 4.10). The effect of diets (CO, CS, 

and TM) on CLA isomers profile through the experimental period was showed in the 

Table 4.10. No modifications were observed during the experimental period for the 

CLA isomers profile (Table 4.10).  

Most of those isomers decreased or remained constant with both modified diets; CS and 

TM in comparison with the control diet (CO), except the trans-trans 9-11 which level 

increased substantially. Moreover, a significant decrease was observed for the cis-7, 

trans-9 CLA. Those decreases might be associated to the level of linoleic acid in the 

diets, which was lower in CS and TM diets in comparison with CO diet, due to the fact 

that significant positive correlations were reported between diets containing high levels 

of linoleic acid and the concentrations of the CLA isomers (Collomb et al., 2004; 

Gómez-Cortés et al., 2011; Hervas et al., 2008). 
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Figure 4. 7. CLA isomers profile of milk fat by (Ag

+
)-HPLC 

In the other hand, the most important increase concerned cis-9, trans-11 CLA. As 

discussed above, the enhancement of cis-9, trans-11 CLA was directly correlated with 

the increase of VA. Furthermore, the undetectable level of trans-10, cis-12 C18:2 

(Figure 4.4) which is the precursor of trans-10 C18:1 might confirm the fact that in 

absence of alteration of the biohydrogenation pathways, oleic acid generates more VA 

and RA.  

Table 4. 10. Effect of diets on the CLA isomers profile 

CLA isomer composition, 

% of total CLA 

Treatments
1
 SEM

2
 P<

3
 

CO CS TM D T D×T 

trans,trans 
       

12,14 0.92
 a
 0.81

 b
 0.69

 c
 0.028 0.001 0.073 0.466 

11,13 0.87
 a
 0.63

 b
 0.58

 b
 0.035 <0.001 0.142 0.406 

10,12 2.14
 a
 1.75

 b
 1.35

 c
 0.081 <0.001 0.638 0.980 

9,11 0.51
 b
 0.82

 a
 0.78

 a
 0.056 0.038 0.541 0.190 

8,10 1.23 1.19 1.06 0.035 0.103 0.145 0.361 

7,9 0.38 0.44 0.36 0.021 0.286 0.991 0.175 

6,8 0.38 0.35 0.27 0.021 0.110 0.409 0.400 

cis9, trans11 85.11
 c
 87.39

 b
 88.80

 a
 0.345 <0.001 0.098 0.078 

cis7,trans9 8.43
 a
 6.62

 b
 6.10

 b
 0.233 <0.001 0.020 0.170 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)  

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 
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4.3.1.2.3. Milk triglycerides profile 

Sixteen peaks were identified in the chromatograms obtained from the samples of milk 

from ewes fed different diets (CO, CS and TM), as shown in the Table 4.11, 

corresponding to triglycerides (TAG) with CN from 24 to 54. The  distribution of the 

TG in ewe’s milk by chain length (short-, medium-, and long-chain: C24- C34, C36- 

C44, and C46- C54, respectively) and according to the diet received; control, CS or TM 

was similar to that found by Goudjil et al., (2003) in ewes’ milk (14.9, 51.8, and 33.3%, 

respectively). 

Diets affected the triglyceride structure of milk fat (Table 4. 11). The modification of 

the triglyceride profile of the milk fat through the experimental period was not 

significant (P>0.05).  

Table 4. 11. Effect of diets on triglyceride profile of milk fat 

Item 
1
 Treatments

2
  

SEM
3
 

P<
4
 

CO CS TM D T D×T 

C24 0.10 0.11 0.09 0.004 0.073 0.767 0.132 

C26 0.76 0.79 0.68 0.027 0.183 0.422 0.124 

C28 1.39 1.40 1.28 0.042 0.420 0.315 0.720 

C30 2.81 2.84 2.51 0.087 0.191 0.099 0.206 

C32 4.42 4.35 3.96 0.121 0.193 0.141 0.165 

C34 6.90
 a
 6.75

 b
 6.16

 c
 0.141 0.040 0.019 0.432 

C36 9.68
 a
 9.78

 a
 8.68

 b
 0.177 0.004 0.005 0.623 

C38 13.74
 a
 13.11

 b
 12.27

 c
 0.225 0.017 0.044 0.823 

C40 12.15
 a
 12.43

 a
 11.18

 b
 0.178 0.002 0.011 0.648 

C42 9.09
 a
 8.85

 b
 8.33

 c
 0.121 0.003 <0.001 0.799 

C44 7.73
 a
 7.42

 b
 7.29

 c
 0.084 0.026 0.011 0.080 

C46 6.74 6.24 6.46 0.154 0.455 0.511 0.557 

C48 6.51 6.63 7.31 0.203 0.237 0.489 0.386 

C50 7.95
 b
 8.24

 b
 9.77

 a
 0.277 0.001 0.001 0.143 

C52 5.06
 b
 5.63

 b
 7.13

 a
 0.277 0.001 0.037 0.099 

C54 4.88
 c
 5.71

 b
 6.70

 a
 0.276 <0.001 <0.001 0.051 

SCT
 a
 16.38 16.23 14.69 0.407 0.123 0.080 0.208 

MCT
 b
 52.39

 a
 51.59

 a
 47.75

 b
 0.721 0.004 0.004 0.719 

LCT
 c
 31.14 

b
 32.45

 b
 37.37

 a
 0.901 0.001 0.003 0.559 

1Abbreviations: SCT, short chain triglycerides (C24-C34); MCT, medium chain triglycerides (C36-C44); LCT, long chain 

triglycerides (C46-C54) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 
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No changes in the proportion of triglycerides associated with C24, C26, C28, C30, C32, 

C46 and C48 occurred. Canola seed supplementation decreased triglycerides in the C34, 

C38, C42 and C44 groups but did not affect triglycerides from C46 to C52 groups. A 

decrease in short chain and medium chain triglycerides was observed but was not 

significant and might be associated to the lower content of C12:0, C14:0 and C16:0. 

Similar results were reported by Depeters et al., (2001) in dairy cows with different 

canola oil additions (added to the diet, infused ruminally or infused abomasally). 

The TG profile of milk with marjoram diet showed the same content of short-chain TG 

as that of CS diet. However, a lower content of medium-chain TG was observed 

because of the decrease in the C36, C38, C40, C42 and C40 groups. On the other hand, 

a significant increase was reported in the C50, C52 and C54 groups (P<0.05). This 

could be due to the high content of PUFA in the TM milk, since most of mono- and di-

unsaturated C18 fatty acids are esterified in C50-C54 in ewe milk fat (Fontecha et al., 

2005). 

4.3.1.2.4. Milk phospholipids profile 

The chromatographic profile of the lipid classes (neutral and polar) was showed in the 

Figure 4.8. The chromatographic profile of the polar lipids (phospholipid fraction) was 

showed in the Figure 4.9.  

The peak appearance and the elution position upon HPLC-ELSD were highly 

reproducible for most neutral and polar lipid classes of the different milk samples. The 

separation of the phospholipids (phosphatidylethanolamine (PE), phosphatidyl-inositol 

(PI), phosphatidylserine (PS), phosphatidylcholine (PC) and sphingomyelin (SM)) was 

resolved in less than 12 min.  

Phospholipids are associated to the milk fat globule membrane (MFGM) and account 

for 0.5-1% of total milk lipids (Rodriguez-Alcala et al., 2009). PLs species are 

expressed as % of total phospholipids. The PLs identified in the Figure 4.9 were the 

most abundant found in all the milk samples (control, CS and MP). This ranging was in 

agreement with other author’s results for milk, from buffalo (Andreotti et al., 2006) 

human, cow, camel and mare species (Garcia et al., 2013).  
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Figure 4. 8. Separation of the lipid classes by HPLC-ELSD. TAG: triacylglycerides; 

DAG: diacylglycerides; CH: cholesterol; FFAA: free fatty acids and Polar lipids 

(phospholipids) 

 

 

Figure 4. 9. Separation of the phospholipid fraction by HPLC-ELSD. PE: 

phosphatidylethanolamine; PI: phosphatidylinositol; PS: phosphatidylserine; PC: 

phosphatidylcholine and SM: sphingomyelin 
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Rombaut and Dewettinck (2006), based on bibliography, reported the different contents 

that could range the PL classes; PE (19.8–42.0%, w/w), PC (19.2–37.3%, w/w), PS 

(1.9–10.5%, w/w), PI (0.6–11.8%, w/w) and SM (18.0–34.1%, w/w). In the present 

study, the results observed for the different classes of PLs were agreement with the 

values advanced above. However, the SM content raised a level higher than that 

reported by Rodriguez-Alcalà and Fontecha (2010) for ewe’s milk but comparable to 

that reported by Bitman and wood (1991) for bovine milk. According to Andreotti et al. 

(2006), factors such the age, breed, diet, and stage of lactation of the animal can affect 

the PLs content. 

Table 4. 12. Effect of diets on lipid classes and phospholipid profile of milk fat 

Lipid classes (%)
1
 Treatments

2
 SEM

3
 

 

P<
4
 

CO CS TM D T D×T 

Neutral lipid fraction              (% of total  lipids)                                            

Triacyglycerol 99.94 99.95 99.95 0.002 0.051 0.694 0.074 

1,2_ Diacylglycerol 0.054 0.042 0.048 0.002 0.060 0.662 0.078 

Cholesterol+Free fatty acids 0.006 0.006 0.007 0.001 0.478 0.547 0.429 

Phospholipid fraction  (% of polar lipids) 

PE 38.44
 b
 39.80

 b
 42.69

 a
 0.964 0.002 0.006 0.000 

PI 1.13 1.05 0.86 0.078 0.082 0.006 0.028 

PS 1.47 1.37 1.39 0.113 0.861 0.265 0.014 

PC 21.40 21.83 22.94 0.461 0.171 0.893 0.013 

SM 37.55
 a
 35.94

 a
 32.12

 b
 1.280 0.003 0.023 0.001 

1Abbreviations: PE, phosphatidylethanolamine; PI,  phosphatidyl-inositol; PS, phosphatidylserine; PC, phosphatidylcholine; SM,  

sphingomyelin 

2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)  

3 SEM: standard error of least square means  

4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

As presented in the Table 4.12, no significant differences were observed between the 

diets as regards the total proportion of triacyglycerol, 1,2_diacylglycerol and 

cholesterol+free fatty acids. However, significant differences were observed regardless 

of several phospholipid classes (PLs).  

The supplementation with canola seed did not affect the PLs. In the other hand, the 

inclusion of marjoram increased the PE proportion in TM milk comparison with the CS 

milk. One explanation could be the fact that PE is highly unsaturated (Contarini and 
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Povolo, 2013) and consequently more prone to oxidation which render the effect of the 

marjoram as antioxidant more efficient. The enhancement observed is interesting from a 

nutritional point of view since it was demonstrated that PE exerts a hypocholesterolemic 

effects in rats (Imaizumi et al., 1991).  

However a significant decrease was observed in the SM proportion which is as well 

reported as reducer of the cholesterol absorption (Eckhardt et al., 2002). Nonetheless, 

little literature is available on this subject and more researches need to be carried out to 

understand the observed differences. 

4.3.1.3. Total antioxidant capacity (TAC) of milk 

The total antioxidant capacity of milk samples (TAC) determined by measuring the 

ABTS
.-
 scavenging capacity, was showed in the Table 4.13. Significant differences were 

observed between the different milks (P<0.001). In decreasing order TM milk, CO milk 

and CS milk showed the highest antioxidant activity. No significant changes were found 

through the experimental period. The effect of the extractant solvent on TAC values was 

not significant (P>0.05). 

Table 4. 13. Effect of diets on the antioxidant capacity of milk 

Item Treatments
1 SEM

2 P<
3 

CO CS TM D T S D×T×S 

Antioxidant capacity  

( mg Trolox/  

100g  of DWE) 

 

26.00 
 b
  

 

24.13
 
 
c
 

 

28.12 
 a
 

 

1.396 

 

<0.001 

 

<0.001 

 

0.165 

 

0.546 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)  

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T), solvent (S) and their interaction (D×T×S) 

According to Pulido et al. (2003), hydrophilic fraction normally contributes more to the 

total antioxidant than the lipophilic fraction. In the current study, antioxidant activity 

was measured in the supernatant in order to evaluate the hydrophilic fraction. Therefore, 

results can only be correlated to the non-fat fraction of the milk components.  

Many factors related to the sample preparation might affect the antioxidant activity of 

food matrices and one of those factors is the extractant solvent, since an efficient 

extraction of antioxidant requires the use of solvents with different polarities (Pèrez-
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Jimènez et al., 2008). However, in the present study, the effect of the extractant solvent 

was not significant. 

The increase of the antioxidant capacity of TM milk might be associated to the phenolic 

compounds transmitted to the milk through ewe’s diet. The present study did not report 

evidence that phenolic compounds were present in milk after feeding ewes T. 

mastichina. However, De Gordoa et al. (2008) reported that large differences were 

observed in TAC values of milk samples from various flocks of ewes after grazing and 

suggested that those differences might be associated to the botanical species of pastures.  

4.3.2. Evaluation of the properties of the dairy products 

4.3.2.1. Cheese properties 

4.3.2.1.1. Physicochemical composition of cheese 

The physicochemical composition of the cheeses (CO, CS and TM) was showed in the 

Table 4.14. The modification of the physicochemical parameters during the 

experimental period and during 120 days of ripening (2 and 4 months) was studied and 

showed in the Table 4.15 and 4.16. Significant differences between diets (CO, CS and 

TM) and significant changes throughout the experimental period and during ripening 

were observed. 

The moisture content and the pH values in the present study were in agreements with 

the results observed by Blanco et al. (1999) who reported the intervals in which the 

physicochemical parameters of Castellano cheese could vary; moisture (18.8-35.7% 

DM), fat (45.2-62.0% DM), protein (30.1-43.7% DM) and pH (4.5-5.5). However the 

present values of fat and protein content were slightly lower (Table 4.14). 

TM cheeses in comparison with CO and CS cheeses had the lowest fat content and the 

highest moisture and protein content, which was in agreement with the results observed 

in raw milk. No significant differences were found between CO and CS cheeses, except 

for protein content. The difference between CO and CS diet for fat content was 

significant in milk and not significant in cheese, which might suggest that a loss of fat in 

whey occurred during the manufacture of CO cheeses.  
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Table 4. 14. Effect of diets on the physicochemical composition of cheese 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2 Means within a column not followed by the same letter differ (P> 0.05) 

 3Probability of significant effects due to experimental diets (D), time (T), ripening and their interaction (D×T×R) 

The inclusion of canola seed in the control diet did not affect the major part of the 

physicochemical parameters of cheese (fat and moisture content), which was in 

agreement with the results reported by Coakley et al. (2007), in which diet 

supplemented by sunflower oil affected significantly milk composition but not cheese 

composition. However, it was in contrast with the results found by Mughetti et al. 

(2012), where the inclusion of extruded linseed affected cheese composition in the same 

way as it affected milk composition. 

Cheeses produced from TM milk showed the lowest fat content and the highest protein 

and moisture content. These values were similar to the results found in milk. The 

present results were in contrast with those reported by Boutoial et al. (2013), in which 

the inclusion of 10 and 20% of rosemary (Rosmarinus officinalis spp.) in dairy goat diet 

did not affect the dry matter, the fat and the protein content of cheese. TM cheeses 

exhibited the lowest pH value (P<0.05) in comparison with CO and CS cheeses. The 

significant differences observed in pH were in agreement with the findings of Misttry 

and Kasperson (1998), who advanced that pH was always higher in cheeses with higher 

level of sodium chloride. And, this result might be associated to the partial inhibition of 

lactic acid bacterial growth by the sodium chloride. However, the results were in 

contrast with others published by Boutoial et al. (2013) and Hala et al. (2010), in which 

phenolic compounds produced an increase on pH as a result of the antimicrobial activity 

of the phenolic compounds.  

On the other hand, cheeses with high sodium chloride had lower moisture content and 

this correlation was observed in other studies, in which adding sodium chloride 

Item Treatments
1
 SEM

2
 P<

3
 

CO CS TM  D T R D×T×R 

Fat (%) 36.31
a
 36.78 

a
 33.46 

c
 0.328 <0.001 <0.001 <0.001 <0.001 

Protein (%) 23.86 
b
 23.06  

c
 24.40 

a
 0.465 <0.001 <0.001 <0.001 0.056 

Moisture (%) 30.80 
b
 30.80  

b
 33.51  

a
 0.376 <0.001 <0.001 <0.001 <0.001 

Sodium chloride  1.14  
a
 1.14 

a
 1.07  

b
 0.019 <0.001 <0.001 <0.001 <0.001 

S/M  3.74  
a
 3.69  

a
 3.19 

b
 0.026 <0.001 <0.001 <0.001 <0.001 

pH 5.21  
a
 5.20 

a
 5.06  

b
 0.081 0.031 0.635 0.432 0.343 
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promotes synerisis and decreases the moisture content of cheese (Pastorino et al., 2003; 

Misttry and Kasperson, 1998). 

Throughout the experimental period, significant changes were observed for fat, moisture 

and sodium chloride (Table 4.15). The moisture content in all cheeses increased 

significantly during the experimental period in agreement with the pattern observed in 

milk. The protein content remained steady and the fat content decreased significantly in 

CO and CS cheeses but not in TM cheeses.  

Table 4. 15. Effect of time on the physicochemical composition of cheese  

Diets 
1 Time 

2
  Fat (%) Moisture 

(%) 

Sodium 

chloride  

S/M (%) 

CO Beginning 36.55 ±  

0.46
 a 

 

29.35 ±  

0.40
 b
 

1.21 ± 

 0.11
 a 

4.12 ±  

0.34
 a 

End 36.07 ±  

0.34
 b
 

32.26 ±  

1.10
a
 

1.08 ±  

0.07
 b
 

3.35 ±  

0.10
a
 

CS Beginning 37.09 ± 

 0.53
 a
 

30.64 ±  

0.95
 a
  

1.14 ± 

 0.04
 a 

3.74 ±  

0.23
 a
  

End 36,47 ±  

0.53
b
 

30.95 ±  

1.33  
a
 

1.13 ± 

 0.14
 a
 

3.64±  

0.31
 a
 

TM Beginning 33.82 ±  

0.61
 a
 

32.68 ±  

0.45
 b
 

1.09 ±  

0.11
 a 

3.35 ±  

0.05
 a
 

End 33.11 ±  

0.85
 a
 

34.35 ±  

1.08
 a
 

1.05 ±  

0.01
 a
 

3.06 ±  

0.22
 b
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: the experimental period (beginning and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

The ripening modify significantly the physicochemical parameters of CO, CS and TM 

cheeses (P<0.001, Table 4.7). In the present study the sodium chloride increased during 

ripening. However, no variation was reported in all cheeses for the other components, 

fat, protein, moisture content and pH value, which means that the proteolysis was not 

significant during ripening. Those results were in agreement with values reported by 

Bonanno et al. (2013), in which no differences were observed for fat and protein content 

between 60 and 120 days of ripening. Coppa et al. (2011) also found no difference in fat 

content during 12 weeks of ripening, independently of the diet. 



 

Chapter 4                                                                                                  Results and discussion 

 135 

Table 4. 16. Effect of ripening on the physicochemical composition of cheese 

Diets 
1 Cheese age 

2
 Fat (%) Protein 

(%) 

Moisture 

(%) 

Sodium 

chloride 

S/M 

(%) 

CO 2 month 35.96 ±  

0.22
 a
 

22.47 ±  

1.95
 a
 

31.45 ±  

2.03
 a
 

1.07 ±  

0.05
 b
 

3.91 ±  

0.56 
a
 

4 month 36.66 ± 

 0.34
 a
 

25.26 ±  

2.08
 a
 

30.16 ± 

 1.33
 a
 

1.22 ±  

0.10
a
 
 

3.55 ±  

0.32
 a
 

CS 2 month 36.35 ±  

0.33
 a
 

21.54 ±  

1.66
 a
 

30.97 ± 

 1.32
 a
 

1.06 ±  

0.06
 b
  

3.92 ±  

0.03
a
 

4 month 37.21 ±  

0.40
 a
 

24.58 ±  

1.65
 a
 

30.63 ± 

 0.96
 a
 

1.21 ± 

 0.05
 a
 

3.46 ±  

0.11
 b
 

TM 2 month 32.83 ±  

0.54
 a
 

22.99 ± 

 2.12
 a
 

34.18 ±  

1.28
 a
 

1.02 ±  

0.03
 a
  

3.26 ± 

 0.12
 a
 

4 month 34.09 ±  

0.29
 a
 

25.81 ±  

1.61
 a
 

32.85 ±  

0.65
 a
 

1.11 ±  

0.08
 a
 

3.12 ±  

0.15
 a
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to ripening (2 and 4 months) 

3Means within a column not followed by the same letter differ (P> 0.05) 

4.3.2.1.2. Lipidic profile of cheese 

The fatty acid composition and the triglyceride profile of cheeses according to the diets 

were showed in the Table 17 and 4.18, respectively. The results showed that significant 

differences were observed in fatty acids and triglycerides profile between cheeses 

regardless of diets. However, no significant modifications were found during the 

experimental period or during ripening for the major part of fatty acids (vaccenic acid, 

rumenic acid, unsaturated fatty acids, mono-unsaturated and polyunsaturated fatty 

acids) and triglycerides (short chain, medium chain and long chain triglycerides).  

There was a complete transfer of fatty acid profile from milk to cheese, which means 

that the cheesemaking did not change the lipidic profile of milk and that the differences 

observed between control, CS and TM cheeses were associated to the diets. Results in 

the present study were in agreement with other studies carried out on dairy sheep, in 

which cheesemaking did not affect the FA profile of cheese (Buccioni et al., 2010; 

Coakley et al., 2007; Luna et al., 2008; Mele et al., 2011).  
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As expected, the content of polyunsaturated fatty acids (PUFA) and saturated fatty acids 

(SFA) in CS cheeses was lower than in CO cheeses. The current results were in 

agreement with values reported by Gómez-Cortés et al. (2009) and Mele et al. (2011), 

in which including extruded linseed in dairy sheep diet decreased the saturated fatty 

acid content in cheese. 

The TM cheeses showed the lowest content of saturated fatty acids and the highest 

content of polyunsaturated fatty acids in comparison with the other cheeses. However, 

no difference was observed between TM and CO cheeses as regards the PUFA content 

and those differences were completely transferred from milk.  

For ripening, the present results were in agreement with values reported by Mele et al. 

(2011), in which ripening did not affect FA composition and triglyceride profile of 

cheese. The cis-9, trans-10 CLA was stable during ripening in all the groups (CO, CS 

and TM), which was in agreement with other studies, where ripening does not 

substantially modify the total CLA content of cheese (Luna et al., 2007;  Jiang et al., 

1997). However, it was in contrast with others, in which changes in cis-9, trans-10 CLA 

content were reported during aging (Kumar et al., 2006; Laskaridis et al., 2012). 

Laskaridis et al. (2012) observed an increase in cis-9, trans-10 CLA content and this 

enhancement was associated to the proteolytic activity of the microbial flora enzymes 

present in cheese. In the present study, based on the physicochemical data, no 

proteolysis was found in all cheeses, which may explain the lack of changes in CLA 

content during ripening. 
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Table 4. 17. Effect of diets on the fatty acid profile of cheese (g/100g of fatty acids) 

 
1 Abbreviations: VA, vaccenic acid; RA, rumenic acid; SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-
unsaturated fatty acids; SCFA, short chain fatty acids (C4:0-C12:0); MCFA, medium chain fatty acids (C14:0iso-C17:0); LCFA, long 
chain fatty acids (>C18:0) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T)  
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For the triglycerides profile, the differences observed in the fatty acid composition 

between CO, CS and TM cheeses were also found in the triglyceride (TG) profile 

(Table 4.18). The TG profile of CS cheese showed a lower content of short-chain TG as 

a consequence of the lower content of fatty acids from C8:0 to C14:0. The content of 

TG with 40 carbon atoms did not vary, which might be related to the lack of change in 

C4:0. Most of the increments in LCT (C46-C52) was observed in the TG with 52 and 54 

carbon atoms, which might explain the lack of significant differences between CO and 

CS for LCT. Similar results were reported by Mel et al. (2011) as regards short-chain 

TG. 

Table 4. 18. Effect of diets on the triglyceride profile of cheese 

Item 
1
 Treatments (mean values)

 2
  

SEM
3
 

P-value
4
 

CO CS TM D D×T×R 

C24 0.13
 
 0.13

 
 0.11

 
 0.008 <0.001 0.061 

C26 0.42
 a
 0.44

 a
 0.38

 b
 0.008 0.001 0.835 

C28 2.18
 a
 2.08

 b
 1.68

c
 0.047 <0.001 0.054 

C30 3.19
 a
 3.07

 b
 2.51

 c
 0.311 <0.001 0.071 

C32 5.00
 a
 4.52

 b
 3.82

 c
 0.502 <0.001 0.012 

C34 7.13
 a
 6.27

 b
 5.65

 c
 0.128 <0.001 0.043 

C36 9.79
 a
 9.25

 b
 8.68

 c
 0.100 <0.001 0.405 

C38 12.99
 b
 13.32

 a
 12.33

c
 0.091 <0.001 0.828 

C40 12.83
 a
 12.78

 a
 11.71

 b
 0.117 <0.001 0.043 

C42 9.44
 a
 8.88

 b
 8.42

 c
 0.104 <0.001 0.438 

C44 7.32
 a
 6.96

 b
 7.08

 b
 0.048 0.017 0.868 

C46 5.39
 b
 4.81

 c
 5.64

 a
 0.081 <0.001 0.504 

C48 5.78
 b
 5.68

 b
 7.90

 a
 0.216 <0.001 0.085 

C50 7.29
 b
 7.40

 b
 8.67

 a
 0.135 <0.001 0.211 

C52 5.91
 c
 7.01

 b
 7.19

 a
 0.122 <0.001 0.335 

C54 6.19
 c
 7.61

 b
 8.24

 a
 0.278 <0.001 0.081 

SCT
 a
 17.05

 a
 16.52 

b
 14.16

 b
 0.337 <0.001 0.281 

MCT
 b
 52.38

 a
 51.20

 a
 48.21

 b
 0.370 <0.001 0.975 

LCT
 c
 30.57

 b
 32.50

 b
 37.62

 a
 0.698 <0.001 0.064 

1Abbreviations: SCT, short chain triglycerides (C24-C34); MCT, medium chain triglycerides (C36-C44); LCT, long chain 
triglycerides (C46-C54) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

The triglyceride profile of TM cheese followed the same pattern observed for milk. TM 

cheese in comparison with CS cheese showed lower content of MCT (C36-C44), higher 
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content of LCT (C46-C54) and no significant differences as regards SCT (C28-C34). As 

regards CS cheese in comparison with CO cheese, the similarity with the milk profile 

was related to the content of MCT, since a lack of modification was reported in cheeses. 

4.3.2.1.3. Organoleptic aspects of cheese 

4.3.2.1.3.1. Colour parameters of cheese 

The effect of the diet on the colour parameters was reported in the Table 4.19. The 

results showed that there was no modification of the colour attributes of cheeses (CO, 

CS and TM) during the experimental period and during ripening.  

Table 4. 19. Effect of diets on the colour parameters of cheese 

Item Treatments
1 SEM

2 P<
3 

CO CS TM D T R D×T×R 

L* 81.22
 b
 80.99

 b
 81.91

 a
 1.27 <0.001 0.475 0.080 0.068 

a* -0.85
 b
 -0.57

 c
 -1.19

 a
 0.44 <0.001 0.535 0.216 0.625 

b* 22.07
 a
  22.49

 a
 20.79

 b
 1.35 <0.001 0.995 0.060 0.912 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T), ripening (R) and their interaction (D×T× R) 

L*: light/dark chromaticity (changing from 0% dark to 100% light) 

a*: green/red chromaticity (changing from -60% green to 60% red) 

b*: yellow/blue chromaticity (changing from -60% yellow to 60% blue) 

Significant differences were observed on L*, a* and b* according to the diet (Table 

4.19). No significant differences were reported between CO and CS cheeses as regards 

L* and b*, which might be associated to their similar structure (fat and moisture 

content). CO cheese had the lowest parameter a*, which presented low values (green 

colour). TM cheeses had the highest values of L* and the lowest values of b* in 

comparison with CO and CS cheeses which means that CO and CS cheeses have more 

intense yellow colour but less lightness than MP cheeses. The present results were in 

agreement with the statement of Coppa et al. (2011) in which it suggest that fat content 

and fat composition variations found among treatments account for most of the 

differences in colour. Furthermore, indirect correlation was reported between moisture 

and colour by Tejada et al. (2007). Therefore differences in colour parameters might be 

mostly related to changes in the physicochemical parameters. 
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On the other hand, ripening did not significantly affect the colour parameters of all 

cheeses. According to Tejado et al. (2006), colour intensity could be related to higher 

proteolysis, which may explain the absence of differences in colour between the cheeses 

as no proteolysis was observed during ripening.  

4.3.2.1.3.2. Texture attributes of cheese 

The effect of the diets on the texture attributes was showed in the Table 4.20. The 

texture attributes of the different cheeses did not changed during the experimental 

period and during the ripening period. The texture of cheeses depended principally on 

diets (CO, CS and TM). 

Table 4. 20. Effect of diets on the texture attributes of cheese 

Item Treatments
1 SEM

2 P<
3 

CO CS TM D T R D×T×R 

Hardness (g) 7508.82
 a
 7506.08

 a
 6872.74

 b
 200.3 0.04 0.716 0.068 0.771 

Adhesiveness (g.s) -5.97
 c
 -6.80

  b
 -7.75

 a
 0.331 0.06 0.654 0.880 0.938 

Cohesiveness 0.48 0.42 0.40 0.010 0.10 0.100 0.060 0.717 

Springiness (s) 0.83 0.80 0.80 0.005 0.12 0.928 0.711 0.986 

Gumminess (g) 3642.67
 a
 3227.26

 b
 2778.90

 c
 144.3 0.001 0.100 0.300 0.426 

Chewiness (g.s) 3024.86
 a
 2650.73

 b
 222.23

 c
 122.0 0.001 0.089 0.210 0.389 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T), ripening (R) and their interaction (D×T× R) 

The texture profile analysis revealed significant changes in firmness, adhesiveness, 

gumminess and chewiness according to the feeding treatments. However, no changes 

were observed for cohesiveness and springiness (P>0.05). 

According to Coppa et al. (2011), differences in texture are linked to the combined 

effects of fat in DM since fat globules reinforce the gel strength, PUFA content and cis-

9-C18:1/C16:0 ratio. Moreover, Liu et al. (2008) advanced that the higher water content 

breaks up the protein matrix and plays the role of lubricant to provide smoothness and a 

softer texture. Additionally, a positive correlation was reported between pH and 

firmness in cheese because rennet coagulation is influenced by the pH (Han et al., 2011; 

Pastorino et al., 2003).  

Low fat content, high PUFA content and high cis-9-C18:1/C16:0 ratio has been 

positively correlated to creamy and less firm cheese (Coppa et al., 2011; Hurtaud et al., 
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2009; Liu et al., 2008; Martin et al., 2005), which was in agreement with the results 

observed for TM cheeses. However, in spite of the difference observed between CO and 

CS as regards fat and PUFA content, no significant difference was reported respect to 

the firmness. On the other hand, phenolic compounds have been reported to exert an 

indirect action on the curd firmness making the cheese less firm through modifications 

of pH (Han et al., 2011) as occurred in TM cheeses. 

Significant differences were observed for chewiness between cheeses (CO, CS and 

TM), which was the parameter that combines the overall texture attributes because it 

involved compressing, shearing, piercing, grinding, tearing and cutting, along with 

adequate lubrication by saliva at body temperatures (Liu et al., 2008). TM cheese was 

the cheese with the less chewiness value which means the one that needs less 

mastication in order to breaks up. 

4.3.2.1.3.3. Sensory evaluation of cheese 

A sensory analysis, based on a discriminative test by using a multiple comparisons, was 

carried out in order to detect differences between cheeses, manufactured from the milk 

of ewes that fed different diets (CO, CS and TM), throughout the experimental period 

(beginning and end) and during ripening (2 and 4 months).  
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Figure 4. 10. Observed and expected frequencies of cheese throughout the experimental 

period and during ripening 
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As can be seen in the Figure 4.9, the panelists did not differentiate between the tested 

samples and the reference samples (P>0.05), of the different cheeses manufactured 

during the experimental period independently of the ripening time. 

No significant difference was reported between the different cheeses (CO, CS and TM). 

This result means that including canola seed or marjoram in ewe’s diet did not affect 

significantly the sensorial characteristics of cheese, as judged by the trained panelist 

(P>0.05). 

4.3.2.1.4. Total antioxidant capacity (TAC) of cheese 

The total antioxidant capacity (TAC) of cheeses was determined through measuring the 

ABTS
.-
 scavenging capacity. Significant differences were observed between cheeses 

(CO, CS and TM) according to the diets. However, no modification of the antioxidant 

capacity was found during ripening (2 and 4 months). Moreover, the effect of the 

solvent used for the extraction was not significant (water and methanol), which means 

that differences between cheeses were principally associated to the diets (Table 4.21). 

Table 4. 21. Effect of diets on the antioxidant capacity of cheese 

Item Treatments
1 SEM

2 P<
3 

CO CS TM D R S D×S×R 

Antioxidant capacity  

(mg Trolox/ 100g of DWE) 

31.34  
b
 

 

29.18 
c
 

 

33.24 
 a
 

 

0.871 

 

0.001 

 

0.00 

 

0.316 

 

0.830 

 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), Solvent (S), ripening (R), and their interaction (D×E×R) 

The highest antioxidant capacity was observed in TM cheeses meanwhile the lowest 

was found in CS cheeses, which was in agreement with the milk TAC results. Those 

results confirmed once again that cheesemaking did not affect the differences between 

treatments (CO, CS and TM). However the antioxidant capacity in cheeses was higher 

than that observed in milk, independently of the feeding treatments. This enhancement 

might be associated to several factors. 

The heat treatment was reported to enhance the antioxidant properties of milk through 

affecting antioxidant enzymes of milk, such as superoxide dismutase (SOD), which 

catalyse the dismutation of superoxide anion to H2O2 (Jiménez et al., 2008). However, 

several authors found that only severe heating (>100ºC) was associated to the formation 



 

Chapter 4                                                                                                  Results and discussion 

 143 

of brown melanoidins and therefore permits the recovery and even a possible increase in 

milk antioxidant properties (Zulueta et al., 2009; Jiménez et al., 2008). In the present 

study, during cheesemaking milk was heated to not more than 30ºC, which discard the 

effect that could have this factor on TAC values.  

Another reason could be the bioactive peptides produced during proteolysis. Enzymes 

present in milk (especially plasmin), from rennet, or released by microorganisms, 

hydrolyze casein (αs1-, αs2-, β- and κ- caseins) and may enrich cheeses with bioactive 

peptides (Pihlanto, 2006). The hydrolysis of casein by pepsin and trypsin produce 

bioactive peptides with low molecular weight (Pinto et al., 2013). And, the presence of 

those peptides in the supernatant might explain the high TAC values in cheese samples 

in comparison with milk samples. Furthermore, the complex formed by the phenolic 

compounds present in milk and the bioactive peptides released during proteolysis could 

be responble of the changes observed on the antioxidant activity of cheeses.  

In the other hand, no significant difference was reported between the different cheeses 

during ripening, which mean that the proteolysis was weak between 2 and 4 months of 

ripening.  

4.3.2.2. Fermented milk: Yogurt  

4.3.2.2.1. Physicochemical properties of yogurt 

The physicochemical composition of yogurts according to the diets (CO, CS and TM) 

was showed in the Table 4.22. Significant modifications in the physicochemical 

parameters of the different yogurts were observed during the experimental period (Table 

4.23).  

Haenlein (1998) advanced that sheep milk is especially suitable for yoghurt production 

because of its high protein and total solids content. The overall properties of yoghurt 

such as its level of acidity and physicochemical composition are affected by the 

physicochemical composition of the milk base, the processing conditions employed and 

the activity of the starter culture during the incubation period (Vivar-Quintana et al., 

2006). 

Serafeimidou et al. (2013) reported the intervals in which the physicochemical 

parameters of yogurt manufactured from sheep milk, at day 1 of storage, could vary; fat 

(6.08 ± 1.35), protein (4.71 ± 0.67) and total solids (20.27 ± 0.60). The results observed 
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for CO, CS and TM yogurts were in agreement with those reported above, except for 

total solids content which was slightly lower (Table 4.22). 

The physicochemical parameters of yogurts were significantly affected by the diets 

(4.22). The yogurts manufactured from the milk of ewes fed CS diet had significantly 

lower fat, protein and total solids content than the yogurts manufactured from the milk 

of ewes fed CO diet. The fat content in TM yogurts was significantly lower than those 

observed in CS and CO yogurts. However, TM yogurts showed higher protein content 

(P<0.001) in comparison with CS yogurts and no significant change in comparison with 

CO yogurts. The difference between yogurts according to the diets was similar to that 

reported for milks. Therefore the modifications observed for the physicochemical 

parameters were mainly associated to the diets through changes in milk composition. 

However, the manufacturing process was responsible of minor changes (fat content) 

without affecting the differences between yogurts (CO, CS and TM). As can be seen in 

the Table 4.22, the physicochemical parameters of yogurt (protein and total solids 

content) increased during the transformation of milk in yogurts, except the fat content in 

TM yogurts, which decrease from 5.31% to 5.22%. This reduction may be related to the 

fact that lactic acid bacteria may consume some fat to produce flavour compounds 

during the fermentation process (Ye et al., 2013).   

Table 4. 22. Effect of diets on the physicochemical composition of yogurt 

Item Treatments
1
 SEM

2
 

 

P<
3
 

CO CS TM D T D×T 

Fat (%) 5.73 
a
 5.64 

b
 5.22 

c
 0.029 <0.001 <0.001 <0.001 

Protein (%) 5.23
 a
 5.09

 b
 5.30

 a
 0.025 0.001 0.422 0.039 

Total solids (%) 16.84 
a
 16.53 

b
 16.32 

c
 0.033 <0.001 <0.001 <0.001 

 pH 4.59 4.60 4.60 0.006 0.530 <0.001 <0.001 

 Acidity (%) 0.91
  a

 0.88
  b

 0.88
 b  

 0.004 <0.001 <0.001 <0.001 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

 

 

 



 

Chapter 4                                                                                                  Results and discussion 

 145 

No significant differences were observed between the different yogurts (CO, CS and 

TM) for pH and the values ranged from 4.59 to 4.6. As regards the titratable acidity, 

significant differences were reported between yogurts and the values ranged from 0.88 

to 0.9.  

The CO yogurts had the highest titratable acidity in comparison with CS and TM 

yogurts. A correlation between the total solids content and the titrable acidity was 

reported by Estévez et al. (2008), which was in agreement with the present results since 

the CO yogurts that had the highest total solids content had as well the highest titrable 

acidity. This relationship might be associated to the fact that higher solid content may 

have produced a higher buffer capacity and consequently a good acid production 

(Ankeman and Morr, 1996). However, no significant differences in acidity were 

observed between TM and CS yogurts in spite of the differences observed in the total 

solids content between both groups of yogurts. This lack of change in acidity between 

CS and TM yogurts may be associated to the acid production in the TM yogurts, which 

depends on the growth of the microorganisms and their ability to ferment the available 

carbohydrates (Favaro et al. 2001), rather than to the total solids content. Indeed, at day 

1 of storage, as showed in the Figure 4.7, the L. bulgaricus count in TM yogurts was 

higher than that in CS yogurts.  

On the other hand, it was reported by Vivar-Quintana et al. (2006) that yogurt 

manufactured from milk with high somatic cell count had low level of acidity, since an 

inhibition of the starter cultures occurs as a result of the antimicrobial action of the 

somatic cells. However, this relationship was not suitable for the observed results since 

there was no inhibition of the starter cultures in TM and CS yogurts, at day 1 of storage, 

as a result of higher somatic cell count in TM and CS milks, in comparison with CO 

yogurts as shown in the Figure 4.7. 

The physicochemical composition of yogurts (CO, CS and TM,) during the 

experimental period was showed in the Table 4.23. Significant modifications during the 

experimental period were found for all the physicochemical parameters, except for the 

protein content. The fat and total solids content decreased substantially (P<0.05). This 

reduction was in agreement with that described for milk. 
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Table 4. 23. Effect of time on the physicochemical composition of yogurt 

Diets 
1 Time 2 Fat (%) Total solids (%) 

CO Beginning 5.87 ± 0.07
 a
 16.94 ± 0.13

 a
 

Middle 5.76 ± 0.09
 b
 17.01 ± 0.22

 a
 

End 5.56 ± 0.05
 c
 16.57 ± 0.09

 b
 

CS Beginning 5.86 ± 0.12
 a
 16.87 ± 0.11

 a
 

Middle 5.60 ± 0.10
 b
 16.55 ± 0.19

 b
 

End 5.47 ± 0.10
 c
 16.17 ± 0.16

 c
 

TM Beginning 5.57 ± 0.10
 a
 16.56 ± 0.07

 a
 

Middle 5.01± 0.05
 b
 16.24 ± 0.09

 b
 

End 5.08 ± 0.11
 b
 16.15 ± 0.15

 b
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: experimental period (beginning, middle and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

4.3.2.2.2. Microbiological analysis of yogurt 

The Table 4.24 showed the Streptococcus thermophilus (ST) and the Lactobacillus 

bulgaricus (LB) counts in the different yogurts (CO, CS and TM) and their viabilities 

during 28 days of storage. No significant differences were reported between yogurts 

regardless of diets. For the storage period, no significant differences were observed for 

S. thermophilus whereas significant differences were found for L. bulgaricus (Figure 

4.11 and 4.12). 

Table 4. 24. Effect of diets on the yogurt culture bacteria (ST and LB) 

Item Treatments
1
 SEM

2
 

 

P<
3
 

CO CS TM D S D×S 

ST (Log UFC/g) 9.08 9.09 9.03 0.127 0.160 0.934 0.131 

LB (Log UFC/g) 6.29 6.44 6.44 0.035 0.145 <0.001 0.001 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), storage (S) and their interaction (D×S) 

The counts were higher in all the cases to 10
7
 CFU which was in accordance with the 

food regulations of yogurt in which yogurt should contain at least 10
7
 CFU of viable 
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bacteria (S. thermophilus and L. bulgaricus) per grams o millilitres of yogurt. 

Moreover, the yogurt microflora was found to be present at sufficiently high levels both 

at the beginning and the end of the 28 days of storage. The S. thermophilus counts were 

higher than Lb. bulgaricus counts, which is the normal behavior of these bacteria as it 

has been previously reported by Tamime and Robinson (1999) and Wang et al. (2008).  

The effect of diets (CO, CS and TM) on S. thermophilus and L. bulgaricus counts was 

not significant (P>0.05) (Table 4.24). These findings indicated that changes in milk 

properties through the modification of ewe’s diets did not affect the lactic acid bacteria 

count in the yogurt manufactured from this milk. These results were in agreement with 

values found by Jaziri et al. (2009) and Najgebauer-Lejko et al. (2011) in which 

phenolic compounds did not inhibit lactic acid bacteria in opposition to other 

pathogenic bacteria.  

However, the study of the effect of diets throughout the shelf life of yogurts showed that 

S. thermophilus and L. bulgaricus have a different behavior (Figure 4.10 and 4.11). The 

viability of S. thermophilus was not affected during storage and remained stable during 

the shelf life of all the yogurts (Figure 4.11). However, the viability of L. bulgaricus 

decreased throughout the shelf life in all the yogurts (Figure 4.12).  

 

Figure 4. 11. Yogurt S. thermophilus survival during 28 days of storage 
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Figure 4. 12. Yogurt L. bulgaricus survival during 28 days of storage 

The decrease in L. bulgaricus was in agreement with previously reported observations 

indicating a negative effect of the storage on L. bulgaricus viability in yogurt during 

shelf life due to their high sensitivity to low temperatures (Birollo et al., 2000). 

Although the decrease was only significant for TM yogurts, CO and CS showed the 

same pattern. After 28 days of storage, the number of L. bulgaricus in TM yogurts 

decreased significantly in comparison with day 1 and 14 of storage, which suggest that 

the viability of L. bulgaricus was affected by the presence of T. mastichina in CS diet at 

day 28 of storage. However, as can be seen in the Figure 4.11, the L. bulgaricus counts 

in TM yogurts were higher than CO and CS yogurts at day 1 and 14 of storage. 

These results were  in contrast with those reported by Jaziri et al. (2009), who showed 

that the addition of green or black tea at 2.0% to 4.0% (w/v) in the milk used for making 

yogurts, did not influence the fermentation of yogurts and the survival of characteristic 

microorganisms in yogurts during a six-week storage period at 4 ºC. 

4.3.2.2.3. Lipidic profile of yogurt 

The fatty acids composition and the triglycerides profile of the yogurts manufactured 

from the milks of ewes fed different diets (CO, CS and Tm) were showed in the Tables 

4.25 and 4.26. The modifications of the fatty acids and triglycerides composition during 

the experimental period were as well reported in the Tables 4.25 and 4.26. Significant 

differences were observed regardless of diets. However, throughout the experimental 

period, no significant changes were observed for the triglycerides profile and for the 

unsaturated, mono-unsaturated, short chain, medium chain and long chain fatty acids. 

a 
a 

b 

a a a 

a 
a 

a 



 

Chapter 4                                                                                                  Results and discussion 

 149 

The differences observed between yogurts were associated to the differences found in 

milks (CO, CS and TM). The effect of canola seed and marjoram on yogurt FA 

composition was similar to that of milk. No significant differences were observed 

between CS and CO yogurts for saturated and mono-unsaturated and short chain fatty 

acids whereas polyunsaturated and medium chain fatty acids decreased and only the 

long chain fatty acids increased (P<0.05). Including marjoram in CS diet decreased 

saturated, short chain and medium chain fatty acids but increased polyunsaturated, 

mono-unsaturated and long chain fatty acids. The differences between yogurts were 

mainly associated to the diets since the FA composition of yogurts showed a profile 

similar to that found in milk.  

The only difference observed between the profile of yogurts and milks was related to 

the cis-9 trans-11 CLA content, which increased in all the groups of yogurts (CO, CS 

and TM). The results showed that the cis-9 trans-11 CLA content of yogurts ranged 

between 0.57-0.76 g/100g of fatty acids which was in agreement with the values 

reported by Serafeimidou et al. (2012) for sheep yogurt (0.405-1.250 g/100g fat) and 

which corresponds to 0.18-1.09 of total fatty acids. The increase observed in the CLA 

content of yogurts in comparison with milks might be related to the manufacturing 

process. Actually, according to Serafeimidou et al. (2012), the effect of manufacturing 

process on CLA content in dairy products is subject of controversy. Several studies 

reported that manufacturing process affected significantly CLA content (Kim and Liu, 

2002; Sieber et al., 2004). However, Boylston and Beitz (2002) observed that 

processing of milk into yogurt did not have a significant effect on the content of CLA. 

According to Jiang et al. (1998) and Aneja and Murthi, (1990), microbial fermentation 

increases CLA concentration. Additionally, Sieber et al. (2004), suggests that strains of 

various traditional dairy cultures may possess different abilities to produce CLA during 

fermentation of milk and other dairy substrates. On the other hand, various studies 

reported that CLA content can be affected by numerous factors such as bacterial strain, 

cell number, optimal substrate concentration and the period of incubation at neutral pH 

(Kim and Liu, 2002) or processing parameters such as heat treatment, composition of 

starter culture, storage and aging (Serafeimidou et al., 2012). Based on the studies 

mentioned above, the increase observed in the CLA content in CO, CS and TM yogurts 

might be associated to the starter culture used during the manufacturing process. 
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Table 4. 25. Effect of diets on the fatty acid profile of yogurt (g/100g of fatty acids) 

 
1 Abbreviations: VA, vaccenic acid; RA, rumenic acid; SFA, saturated fatty acids; MUFA, mono-unsaturated fatty acids; PUFA, poly-
unsaturated fatty acids; SCFA, short chain fatty acids (C4:0-C12:0); MCFA, medium chain fatty acids (C14:0iso-C17:0); LCFA, long 
chain fatty acids (>C18:0) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T)  
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The effect of diet on the triglyceride profile (TG) was significant since significant 

differences were observed between the different yogurts (Table 4.26). The triglyceride 

profile of yogurts followed the same pattern as that observed for milks. The conclusions 

drawn for milks were suitable for yogurts; TM yogurts had the lowest medium chain 

triglycerides and the highest long chain triglycerides and CS yogurts had higher long 

chain triglycerides in comparison with CO yogurts.  

Table 4. 26. Effect of diets on the triglyceride profile of yogurt 

Item 
1
 Treatments (mean values)

 2
  

SEM
3
 

P-value
4
 

CO CS TM D D×T 

C24 0.12
 a
 0.11

 a
 0.08

 b
 0.004 <0.001 0.278 

C26 0.83 1.04 0.76 0.067 0.192 0.356 

C28 1.88
 a
 1.59

 b
 1.42

 b
 0.063 0.009 0.534 

C30 2.84
 a
 2.63

 b
 2.30

 c
 0.053 <0.001 0.044 

C32 4.33
 a
 4.11

 b
 3.67

 c
 0.069 <0.001 0.062 

C34 6.67
 a
 6.49 5.97

 b
 0.080 <0.001 0.668 

C36 9.67
 a
 9.14

 b
 8.70

 c
 0.096 <0.001 0.780 

C38 13.70
 a
 13.23

 b
 12.07

 b
 0.174 <0.001 0.373 

C40 12.86
 a
 12.50

 b
 10.95

 c
 0.172 <0.001 0.253 

C42 9.11
 a
 8.31

 b
 7.96

 c
 0.115 <0.001 0.576 

C44 7.70
 a
 7.28

 b
 6.99

 c
 0.079 <0.001 0.530 

C46 5.71
 b
 6.63 6.56

 a
 0.101 <0.001 0.774 

C48 6.66
 b
 6.76

 b
 7.29

 a
 0.072 <0.001 0.650 

C50 6.73
 c
 8.63

 b
 9.90

 a
 0.289 <0.001 0.125 

C52 5.69
 c
 6.80

 b
 7.46

 a
 0.170 <0.001 0.791 

C54 5.67
 c
 6.76

 b
 7.90

 a
 0.212 <0.001 0.358 

SCT
 a
 16.67

 a
 15.97

 b
 14.22

 c
 0.254 <0.001 0.093 

MCT
 b
 52.86

 a
 50.44

 b
 46.67

 c
 0.586 <0.001 0.402 

LCT
 c
 30.47

 c
 35.59

 b
 39.11

 a
 0.788 <0.001 0.493 

1 Abbreviations: SCT, short chain triglycerides (C24-C34); MCT, medium chain triglycerides (C36-C44); LCT, long chain 

triglycerides (C46-C54) 
2 Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   
3 SEM: standard error of least square means 
4 Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

4.3.2.2.4. Organoleptic aspects of yogurt 

In order to evaluate the organoleptic aspects of yogurts, colour, texture and sensory 

characteristics were assayed. 
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4.3.2.2.4.1. Colour parameters of yogurt 

The use of different diets (CO, CS and TM) affected significantly the colour parameters 

(L*, a* and b*) of yogurts as shown in the Table 4.27. Significant changes were 

observed throughout the experimental period in the different groups of yogurts (Table 

4.28). 

Table 4. 27. Effect of diets on the colour parameters of yogurt 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

L*: light/dark chromaticity (changing from 0% dark to 100% light) 

a*: green/red chromaticity (changing from -60% green to 60% red) 

b*: yellow/blue chromaticity (changing from -60% yellow to 60% blue) 

Significant differences were observed for the colour parameter between the different 

yogurts as regards the diet (Table 4.25). The TM yogurts manufactured from the milk of 

ewes fed TM diet, was lighter in colour (L*) and less yellowish (b*) than the rest of 

yogurts (CO and CS). The CO yogurt was more yellowish (b*) than TM and CS 

yogurts. Actually, the yellow colour (b*) was mostly correlated to the level of fat in 

milk (Coppa et al., 2011), which was in agreement with the present results since TM 

yogurt had the lowest fat content and CO yogurt the highest.  

The parameter a* presented low values, regardless of the diet used (Table 4.27). 

Significant differences were reported between CO and the rest of yogurts (CS and TM) 

as regards the parameter a*. According to Hilali et al. (2011), the parameter a* was 

negatively correlated with milk protein content and positively correlated with lactose 

content but the present results did not showed relationship between protein or lactose 

content and the parameter a*. 

Significant changes in all the colour parameters were observed in the different yogurts 

throughout the experimental period (Table 4.28). Significant decreases were found in 

the L*, a* and b* parameters. The parameter b* decreased significantly during the 

Item Treatments
1
 SEM

2
 P<

3
 

CO CS TM D T D×T 

L* 91.67
 b
 91.63

 c
 91.72

 a
 0.008 <0.001 <0.001 <0.001 

a* -3.34
 a
 -3.28

 b
 -3.28

b
 0.006 <0.001 <0.001 <0.001 

b* 11.63
a
 11.45

 b
 11.41

c
 0.016 <0.001 <0.001 <0.001 
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experimental period (P<0.01), indicating that the yogurts became less yellowish, 

probably due to the decrease in fat content. 

Table 4. 28. Effect of time on the colour parameters of yogurt 

Diets 
1 Time 

2
 

L* a* b* 

CO Beginning 91.74 ± 0.05
 a
 -3.38 ± 0.14

 a
 11.82 ± 0.07

 a
 

Middle 91.66 ± 0.06
 b
 -3.42 ± 0.03

 a
  11.59 ± 0.011

 b
 

End 91.59 ± 0.11
 c
 -3.21 ± 0.03

 b
 11.29 ± 0.07

 c
 

CS Beginning 91.77 ± 0.12
 a
 -3.37 ± 0.04

 a
 11.71 ± 0.14

 a
 

Middle 91.64 ± 0.09
 b
 -3.21 ± 0.03

 b
 11.32 ± 0.12

 b
 

End 91.45 ± 0.05
 c
 -3.21 ± 0.06

 b
 11.26 ± 0.10

 c
 

TM Beginning 91.87 ± 0.04
 a
 -3.33 ± 0.04

 a
 11.53 ± 0.12

 a
 

Middle 91.69 ± 0.06
 b
 -3.26 ± 0.07

 b
 11.18 ± 0.13

 b
 

End 91.61 ± 0.06
 c
 -3.21 ± 0.04 

c
 11.13 ± 0.11

 b
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: experimental period (beginning, middle and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

L*: light/dark chromaticity (changing from 0% dark to 100% light) 

a*: green/red chromaticity (changing from -60% green to 60% red) 

b*: yellow/blue chromaticity (changing from -60% yellow to 60% blue) 

4.3.2.2.4.2. Texture attributes of yogurt 

Significant differences in texture attributes (firmness, apparent viscosity and 

adhesiveness) were reported between the different yogurts according to the diets (CO, 

CS and TM) and throughout the experimental period (Table 4.29 and 4.30). 

Table 4. 29. Effect of diets on the texture attributes of yogurt 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T) and their interaction (D×T) 

 

Item Treatments
1
 SEM

2
 P<

3
 

CO CS TM  D T D×T 

Firmness  (g) 158.56 
a
 151.48 

b
 163.09 

a
 1.715 0.03 <0.001 <0.001 

Adhesiveness (g.s) -161.40
 
 -158.21 -171.35

 
 3.163 0.054 <0.001 0.002 

Apparent viscosity (cps) 84370
 a
 63127

 b
 95522

 a
 4045 0.002 0.341 0.387 
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Significant differences were observed between TM and CS yogurts (P<0.05). The 

yogurts manufactured from milk of ewes fed with TM diet, had higher firmness and 

apparent viscosity than the yogurts manufactured from milk of ewes fed with CS diet.  

On the other hand, TM and CO yogurts had similar gel structure, which was more firm 

and viscous than CS yogurts. The textural differences between the yogurts were 

associated to the milk used and its physicochemical composition (Vivar-Quintana et al., 

2006). TM and CO yogurts that displayed the highest firmness and viscosity had also 

the highest protein content. Those results were in agreements with values reported by 

Estévez et al. (2008) and Magenis et al. (2006), in which a positive correlation was 

reported between protein content and firmness. Actually, milk protein content affect 

firmness through the formation of aggregates, by interactions with casein micelles, 

making the gel structure of yogurt more rigid (Lucey et al., 1998). Furthermore, the 

milk low in fat and high in protein would theoretically promote the curd structure and 

consequently increase its firmness (Abeddou et al., 2011).  

The viscosity showed similar results to the results reported by Abu-Jdayil (2003) in 

yogurts of the type labneh, in which higher viscosity was correlated with higher protein 

content. Moreover, Martín-Diana et al. (2004) reported that protein content affected 

significantly yogurt viscosity.  

No significant differences between the yogurts were found respect to the adhesiveness. 

Although a not significant difference was observed, TM yogurts were more adhesive 

than CO and CS yogurts, which was in agreement with the results reported by Herrero 

and Requena (2006) in which the increase in protein content enhanced the adhesiveness 

of yogurt. 

The modifications of the texture attributes of yogurts (CO, CS and TM) during the 

experimental period were significant with the exception of the apparent viscosity, which 

remained steady. The firmness and the adhesiveness decreased in all the yogurts during 

the experimental (Table 4.30).  
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Table 4. 30. Effect of time on the texture attributes of yogurt 

Diets 
1 Time 

2
 Firmness (g) Adhesiveness (g.s) 

CO Beginning 170.93 ± 13.9
 a
 -191.18 ± 35.7

 a
 

Middle 161.80 ± 8.59
 a
 -153.96 ± 30.4

 b
 

End 144.73 ± 4.61
 b
 -133.72 ± 12.3

 b
 

CS Beginning 166.37 ± 12.8
 a
 -179.93 ± 28.3

 a
 

Middle 138.90 ± 8.52
 b
 -152.60 ± 28.3

 b
 

End 144.30 ± 3.09
 b
 -133.12 ± 17.4

 b
 

TM Beginning 173.30 ± 16.0
 a
 -186.27 ± 27.9

 a
 

Middle 159.41 ± 20.6
 b
 -169.87 ± 35.6

 b
 

End 142.13 ± 7.52
 b
 -159.40 ± 15.5

 b
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: experimental period (beginning, middle and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

4.3.2.2.4.3. Sensory evaluation of yogurt 

A sensory analysis was carried out in order to evaluate the differences between the 

yogurts, manufactured from the milk of ewes fed with different diets (CO, CS and TM), 

throughout the experimental period (beginning, middle and end).  
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Figure 4. 13. Observed and expected frequencies of yogurts (CO, CS and TM) during 

the experimental period  
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The sensory evaluation of yogurts was performed using a multiple comparisons test in 

order to allow the comparison between the observed and the expected frequencies in 

each group of yogurt (CO, CS and TM). No significant differences between the 

different yogurts (CO, CS and TM) were observed (P>0.05). The results showed that 

the panelists did not differentiate between the manufactured yogurts independently of 

the diet used to feed the ewes (Figure 4.13). 

The sensory evaluation of the yogurts revealed that the different yogurts had the same 

acceptability. This result means that including canola seed or marjoram plant in dairy 

sheep diet did not affect milk characteristics in a way that panelists were able to note 

changes in the organoleptic aspects of the manufactured yogurts.  

4.3.2.2.5. Characterization of phenolic compounds in yogurt  

Separation and detection of phenolic compounds in milk-based food products have been 

reported in literature by Redeuil et al. (2009). However the number of studies is limited 

in comparison with the studies published on the analysis of polyphenols in plants.   

The characterization of the phenolic compounds was performed by using LC-MS, the 

same method used for the characterization of polyphenols in marjoram. The aim of this 

characterization was to identify the phenolic compounds present in yogurt and to 

observe if there is any transfer of phenolic compounds from the plant to the yogurt 

manufactured from the milk of ewes fed with marjoram diet. 

The phenolic characterization of yogurt was performed on the hydrophilic fraction of 

yogurt extracted with methanol. The fat layer was removed and only the supernatant 

was used in order to avoid any interference with the lipidic fraction.  

The tentative of identification was based on the use of the same reference standards 

used for the marjoram plant and also based on the data available in the library. The 

compounds found did not correspond to any of the compounds identified in marjoram or 

existing in the library. However, based on the charge:mass ratio observed in the 

chromatograms, it was concluded that these peaks corresponded to bioactive peptides or 

to complexes peptides-polyphenols. 

The Figure 4.14 showed the analysis of the phenolic compounds of the yogurt extract by 

LC-MS. A total of seventeen peaks eluted during 18 min were found.  
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Figure 4. 14. Phenolic compounds identified in yogurt by LC-ESI-MS/MS  

Actually, as observed in the marjoram, polyphenols was mostly eluted bounded to 

glycosylated compounds and the use of the accurate mass measurements allowed the 

identification of each compounds due to its fragmentation. In dairy products, other type 

of interactions is possible such the interaction between protein and phenolic 

compounds, which received a considerable attention in recent years (Gallo et al., 2013). 

However, there is a lack of information on the protein-polyphenol interactions in 

fermented milk (Najgebauer-Lejko et al., 2011). 

4.3.2.2.6. Bioactive properties of yogurt 

Due to the high antioxidant capacity of yogurts in comparison with cheeses, further 

studies were carried out in order to study extensively the bioactive properties of yogurts 

and to identify the components associated to the increase of the antioxidant capacity. 

Yogurt extract showed better ABTS
.-
 scavenging capacity than cheese extract, as 

observed in the Table 4.21 and 4.32. The lower antioxidant capacity of cheese in 

comparison with yogurt might be principally associated to the type of bacterial strain 

used during the manufacturing process and also to the nature of bioactive peptides 



 

Chapter 4                                                                                                  Results and discussion 

 158 

released upon proteolysis or fermentation, depending on the starter cultures and the 

proteolytic enzymes (Pinto et al., 2013). 

4.3.2.2.6.1.1. Total antioxidant capacity (TAC) 

In order to study the antioxidant capacity of yogurt extracts, several factors of variation 

were taken into account. The first one was the extraction procedure, which could 

significantly affect the results of the antioxidant activity.  

Milk and milk-based products contain hydrophilic and lipophilic phases which have 

different contribution to the antioxidant activity (Jiménez et al., 2008). For this reason, 

two extraction procedures were carried out, with methanol as extraction solvent, in 

order to measure the antioxidant capacity in the whole matrix (hydrophilic and 

lipophilic phase) and in the supernatant (hydrophilic phase) of yogurts.  

The difference observed in the antioxidant capacity between both extractions was 

significant (P<0.05). The antioxidant capacity of yogurts was significantly higher in the 

supernatant in comparison with the whole matrix (56.85 ± 13.60 and 31.01 ± 4.41, 

respectively). These differences were probably due to the fact that beyond the capacity 

of phenolic compounds to scavenge free radicals, other biochemical mechanisms can 

explain their antioxidant effects. And, these mechanisms are related to polyphenols-

lipid and polyphenols-protein interactions (Abu-Reidah. 2013). Moreover, Serafini et al. 

(2009) suggested a possible novel involvement of lipids in the interaction between, 

protein and antioxidants ingredients.  

The effect of the diets (CO, CS and TM), received by ewes, on the antioxidant capacity 

of the whole matrix of yogurts, throughout the experimental period, was showed in the 

Table 4.31. No significant differences were observed between CO and TM yogurts. 

However, TM yogurts had significantly higher antioxidant capacity than CS yogurts. No 

modifications in the antioxidant activity of yogurts were observed throughout the 

experimental period (P>0.05). 
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Table 4. 31. Effect of diets on the DPPH scavenging activity of the whole matrix of 

yogurt 

Item Treatments
1 SEM

2 P<
3 

CO CS TM D T D×T 

Antioxidant capacity (mg 

Trolox/ 100g of DWE) 

31.32
 a
 

 

28.36
 b
 

 

33.12 
a
 

 

0.636 

 

0.006 

 

0.783 

 

0.454 

 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), time (T), and their interaction (D×T) 

According to Zulueta et al. (2009), the antioxidant activity increased in parallel with 

milk fat content, which was in contrast with the observed results. Actually, TM yogurts 

had the lowest fat content in comparison with CO yogurts but both have similar 

antioxidant capacity (P>0.05). These results were in agreement with those of Ye et al. 

(2013), in which no correlation was reported between the fat content of yogurt and its 

antioxidant capacity. However, a positive correlation between the polyunsaturated fatty 

acids content (PUFA) and the antioxidant activity was observed in all the yogurts (CO, 

CS and TM). Indeed, no significant differences were reported between TM and CO 

yogurts for PUFA content and also for the antioxidant capacity. Similar results were 

reported by Vitas et al. (2012) for fermented milk products. However, no significant 

relationship between PUFA and antioxidant capacity was found by Tijerina-Sáenz et al. 

(2009) for human milk. 

On the other hand, a positive correlation was also observed between the antioxidant 

activity and the protein content in all yogurts (CO, CS, and TM). Further results in the 

hydrophilic phase will be show latter for a better discussion and understanding of the 

interaction between phenolic compounds and peptides. More extensive research is 

needed in order to clarify the role of lipids and its interaction with proteins and phenolic 

compounds on the antioxidant capacity of milk and dairy products. 

From this point forward, the results will not be related to the whole matrix but will refer 

only to the supernatant, which means that the antioxidant capacity will be mainly 

associated to the antioxidant compounds present in the hydrophilic phase. 
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The effect of the dietary treatments on the bioactive properties of yogurts occurred 

through changes on the milk properties. However, the antioxidant capacity of yogurts 

was higher than that of milk, both assayed in the supernatant with the ABTS method, as 

observed in the Table 4.13 and 4.32. This difference could be mainly associated to the 

bioactive peptides hydrolyzed from milk through the fermentation process (Pinto et al., 

2013). Indeed, in yogurt, enzymes could give rise to the liberation of a particularly high 

number of bioactive peptides (Pinto et al., 2012). Few studies related the production of 

antioxidant peptides in fermented milk to the lactic bacteria indicating that radical 

scavengers were related to proteolysis (Hernández-Ledesma et al., 2005; Aloğlu and 

Öner, 2011). In fact, Lin and Yen (1999), demonstrated that lactic acid bacteria (L. 

acidophilus, L. bulgaricus, S. thermophilus, Bifido-bacterium longum) scavenge 

reactive oxygen species (OH
.
, H2O2) and show reducing activity. Therefore, changes in 

the profile of nitrogenous compounds in yogurt, compared with milk, were due to the 

proteolytic activity of S. thermophilus and L. bulgaricus, both during fermentation. And 

this change basically induced an increase in the level of soluble nitrogenous 

compounds, which included the liberation of amino acids and low molecular peptides 

from the milk proteins (Tamine and Robinson, 1997).  

In order to study the effect of the diets (CO, CS and TM) on the antioxidant capacity of 

yogurt throughout the experimental period, the supernatant of yogurt was extracted by 

two different solvent (methanol and water). Antioxidant capacity was assayed by using 

three different methods (ABTS, DPPH and ORAC) as shown in the Table 4.32. 

Table 4. 32.  Effect of diets on the antioxidant capacity of yogurt 

Antioxidant 

capacity 

Treatments
1 SEM

2 P<
3 

CO CS TM D T S D×T×S 

ABTS ( mg Trolox/ 

100 g of DWE) 

54.64 
b
 52.00

 c
 62.11

 a
 1.126 <0.001 <0.001 <0.001 <0.001 

DPPH ( mg Trolox/ 

100g of  DWE) 

54.08
 b
  54.06

 b
 62.41

 a
  1.109 <0.001 <0.001 <0.001 0.028 

ORAC (µM) 46.48
 b
 40.50

 C
 52.47

 a
 1.661 <0.001 0.145 0.052 <0.001 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D), Solvent (S), time (T), and their interaction (D×T×S) 
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As previously reported by Pérez-Jiménez et al. (2008), the solvent in which the reaction 

takes place is a key factor in the results, since the polarity of the solvent affects the 

mechanisms of the reaction. Moreover, there is no solvent that would be entirely 

satisfactory for the extraction of all the antioxidants present in food, especially those 

associated with complex carbohydrates and proteins (Bravo et al., 1994).  

As observed in the Table 4.32, the effect of the solvent, on the antioxidant activity, 

assayed with three different methods (ABTS, DPPH and ORAC), was significant 

(P<0.05). Methanol was the best solvent for the extraction of the antioxidant 

compounds in the different yogurts as showed in the Table 4.33.  

Table 4. 33. Effect of the extractant solvent on the antioxidant capacity of yogurt 

Diets 
1 Solvent 

2
 ABTS DPPH ORAC 

CO Water 46.24 ± 2.22
 b
 44.22 ± 4.13

 b
 47.53 ± 3.75

 a
 

Methanol 62.75 ± 2.83
 a
 63.93 ± 0.18

 a
 45.43 ± 13.62

 a
 

CS Water 42.57 ± 4.25
b
 44.54 ± 3.19

 b
 40.60 ± 5.81

 a
 

Methanol 61.67 ± 1.56
 a
 63.59 ± 1.38

 a
 40.38 ± 5.87

 a
 

TM Water 50.74 ± 8.14
 b
 51.72 ± 8.93

 b
 47.53 ± 6.91

 b
 

Methanol 72.80 ± 8.24
 a
 73.09 ± 7.38

 a
 57.41 ± 9.07

 a
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to solvent: water and methanol 

3Means within a column not followed by the same letter differ (P> 0.05) 

The solvent affected more ABTS and DPPH assays than ORAC assay for CO and CS 

yogurts. And, the difference between methanol and water was highly significant 

regardless of the method used for TM yogurts. 

The effect of the diets was significant since significant differences were found between 

the different yogurts as showed in the Table 4.32 (P<0.001). Independently, of the 

method used, TM yogurts had always the highest antioxidant capacity. However, the 

antioxidant capacity of CO and CS yogurts varied according to the method used. CS 

yogurts had the lowest antioxidant capacity if assayed with ABTS and ORAC methods 

whereas no differences were reported between CS and CO if assayed with DPPH 

method. This might be explained by the fact that ABTS and ORAC are more specific to 

measure the antioxidant capacity of hydrophilic compounds whereas DPPH has been 
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routinely applied in both hydrophilic and lipophilic extracts (Pèrez-Jimènez et al., 

2008). These differences between assays were excepted because the antioxidant activity, 

measured by an individual assay reflects only the chemical reactivity under the specific 

conditions applied in that assay (Huang et al., 2005). And, this observation was in 

agreement with many others that recommend the use of different methods of 

measurement to evaluate the antioxidant capacity in food matrices (Frankel and Meyer, 

2000; Pèrez-Jimènez et al., 2008; Zulueta et al., 2009). 

Throughout the experimental period, the antioxidant activity of TM yogurts increased 

significantly meanwhile the antioxidant capacity of CO and CS yogurts increased or did 

not change (Table 4.34). The increase showed in TM yogurts might suggest that the 

time that ewes spent under feeding TM diet was associated to the increase found in the 

antioxidant capacity.  

Table 4. 34. Effect of time on the antioxidant capacity of yogurt 

Diets 
1 Time 

2
 ABTS DPPH ORAC 

CO Beginning 52.74 ± 10.27
 b
 51.49 ± 13.78

 b
 45.28 ± 6.10

 b
 

Middle 55.73 ± 8.87 
a
 55.46 ± 9.18

 a
 53.41 ± 10.99

 a
 

End 55.46 ±  8.22
 a
 55.28 ± 9.53

 a
 40.76 ± 8.17

 b
 

CS Beginning 51.52 ±  10.94
 b
 51.65 ± 11.23

 c
 40.98 ± 7.25

 a
 

Middle 55.11 ± 7.81
 a
 53.71 ± 11.06

 b
 38.29 ± 4.17

 a
 

End 49.37± 12.84
 c
 56.82 ± 9.02

 a
 39.96 ± 8.33

 a
 

TM Beginning 52.57 ± 10.24 
c
 47.90 ± 17.20

 c
 49.94 ± 10.92

 b
 

Middle 62.97 ± 16.45
 b
 63.76 ±13.61

 b
 44.44 ± 10.52

 b
 

End 70.80 ± 9.95 
a
 75.57 ±11.30

 a
 63.04 ± 17.25

 a
 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2Refers to time: experimental period (beginning, middle and end) 

3Means within a column not followed by the same letter differ (P> 0.05) 

Significant correlations were observed between the different assays used to measure the 

antioxidant activity of yogurts. DPPH values were highly correlated with the ABTS 

values (r = 0.744) as shown in the Figure 4.14, which might suggest that the antioxidant 

capacity measured with ABTS assay could be predicted on the basis of DPPH results. 

However, it was not possible to correlate the values measured by the DPPH and ABTS 
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assays with those determined through using the ORAC assay because the units of 

measure were completely different.  

 

Figure 4. 15. Relationship between the antioxidant capacity as measured by ABTS and 

DPPH assay 

As reported above, the antioxidant capacity of CO and CS yogurts varied according to 

the method used. Moreover, the correlation between DPPH or ABTS results and ORAC 

values were not possible due to differences in the unit of measurements. For those 

reasons, it was necessary to use the relative antioxidant capacity index (RACI) in order 

to take into account the results of all the assays performed. This index combined the 

three methods used in this study (DPPH, ABTS and ORAC) with no limitation unit and 

no variance among methods.  

As shown in the Figures 4.15, TM yogurts showed the highest antioxidant activity 

followed by CO and CS yogurts. The trend of the RACI value matched with the 

standard score of the 3 three methods. These differences between yogurts might be 

associated to the antioxidant compounds present in the hydrophilic phase.  

The increase of the antioxidant capacity in CO yogurts in comparison with CS yogurts 

might be related to its high protein content and then higher concentration of bioactive 

peptides which are widely reported to have an important antioxidant activity. On the 

other hand, the increase observed in TM yogurts in comparison with CO yogurts may be 

principally related to the polyphenols present in yogurts, through the inclusion of 

marjoram in the diet, or to the bioactive peptides present in the yogurt extracts.  
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However, as can be seen in the Table 4.22 and 4.32, TM yogurts in comparison with 

CO yogurts, showed the highest antioxidant capacity but similar protein content. This 

high antioxidant capacity in TM yogurts was probably due to the phenolic compounds 

present in marjoram. However, the characterization of the phenolic compounds of 

yogurt extracts showed that the peaks identified corresponded to bioactive peptides or to 

complexes of polyphenols-peptides.  

These observations may suggest that the antioxidant capacity in TM yogurts may be 

associated to a complex peptide-phenol formed in the yogurt extracts. Similar results 

were reported by Ye et al., (2013), in which the increase of the antioxidant capacity in 

yogurt, supplemented with hickory and black soybean, was associated to small peptides 

derived in the fermentation process of yogurt, phenols in hickory and flavonoids in the 

black soybean. 
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Figure 4. 16. The relative antioxidant capacity index (RACI) according to the feeding 

treatments 

The effect of the extractant solvent was already reported as one of the most important 

factor that affect the antioxidant capacity in yogurt and the RACI value confirmed this 

observation as showed in the Figure 4.16. 
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Figure 4. 17. The relative antioxidant capacity index (RACI) according to the extractant 

solvent 

The Figure 4.17 showed the effect of the time on the antioxidant capacity of yogurt, and 

as can be seen throughout the experimental period, the highest values of antioxidant 

capacity were observed at the end of period. Similar observation was observed with the 

three methods reported above (ABTS, DPPH and ORAC). 

 

-0,06

-0,04

-0,02

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

R
e

la
ti

ve
 A

n
ti

o
xi

d
an

t 
A

ct
iv

it
y 

In
d

e
x

Beginning

Middle

End

 

Figure 4. 18. The relative antioxidant capacity index (RACI) throughout the 

experimental period 
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4.3.2.2.6.2. Anti-inflammatory capacity of yogurt 

The anti-inflammatory capacity in yogurt extracts was measured with the 

semicarbazide-sensitive amine oxidase (SSAO) inhibitory assay. The extraction was 

performed by using methanol as extractant solvent, since it was observed above that it 

was the best for extracting antioxidant compounds. Moreover, the anti-inflammatory 

capacity was measured in yogurt manufactured at the end of the experimental period 

because it was shown that the antioxidant capacity was the highest at the end of the 

period.  

As presented in the Table 4.35, significant differences were observed between the 

different yogurts (CO, CS and TM). The highest anti-inflammatory capacity was 

observed in TM yogurts in comparison with CO and CS yogurts. No significant 

difference was reported between CO and CS yogurts.  

Table 4. 35. Effects of diets on the anti-inflammatory activity of yogurt (SSAO) 

1Refers to treatments: Control diet (CO); Canola seed (CS); T. mastichina (TM) (a substitution of 7.5% of the CS by marjoram)   

2SEM: standard error of least square means 

3Probability of significant effects due to experimental diets (D) 

The results showed that TM yogurts had significant higher anti-inflammatory activity 

than CO and CS yogurts, which might suggest that bioactivas compounds in TM 

yogurts acted as anti-inflammatory compounds and inhibited the SSAO. It is known that 

SSAO plays a key role in inflammation through its catalytic products, hydrogen 

peroxide, and reactive aldehydes. Therefore, the inhibition of SSAO activity might 

represent a therapeutic strategy for controlling inflammation (Lin et al., 2008).  

There was a positive correlation between SSOA inhibitory activity and ABTS, DPPH 

and ORAC values (r= 0.942, 0.929, 0.734, respectively) as shown in the Table 4.36. 

Those results were in agreements with others, in which positive correlation was reported 

between anti-inflammatory activity and antioxidant capacity (Hossain et al., 2010; 

Trouillas et al., 2003). 

 

Anti-inflammatory 

activity capacity 

Treatments
1
 SEM

2
 P<

3
 

CO CS TM D 

SSAO (µM of 

semicarbazide) 

34.69
 b
 34.13 

 b
  60.53

 a
 2.58 <0.001 

http://scholar.google.com/citations?user=QegR5vIAAAAJ&hl=es&oi=sra
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Table 4. 36. Correlation matrix of antioxidant and anti-inflammatory methods                             

 SSAO ABTS DPPH ORAC 

SSAO 1 _ _ _ 

ABTS 0.942 1 _ _ 

DPPH 0.929 0.744 1 _ 

ORAC 0.734 _ _ 1 
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5. Conclusions  

 The whole plant, Thymus mastichina, from wild origin, showed a high antioxidant 

and anti-inflammatory activity, associated to its high content in phenolic 

compounds, especially flavonoids, mainly luteolin and quercetin.  

 The inclusion of canola seed (2.85%) in the control diet of sheep did not modify 

the intake, the nutrients digestibility and the nitrogen balance. The substitution of 

7.5% of canola seed diet by the whole marjoram plant increased the digestibility 

of fat. 

 The use of the canola seed diet or the marjoram diet did not affect the milk 

production of the lactating ewes. The dry matter intake decreased significantly 

with the canola seed diet. And, this effect was more accurate in the case of 

marjoram diet. 

 The milk produced from ewes fed with canola seed diet or marjoram diet showed 

lower milk fat, total solids and saturated fatty acids content. Both modified diets 

increased the CLA content in milk in comparison with the control diet, and this 

increase was higher with marjoram diet. Ewes fed with marjoram diet showed 

higher level of protein, casein, polyunsaturated fatty acids and 

phosphatidylethanolamine in milk. 

 The milk produced from ewes fed with marjoram diet showed high antioxidant 

capacity compared with canola seed diet and control diet.  

 The cheeses manufactured with the milk of ewes fed with canola seed diet showed 

lower protein content in comparison with the other cheeses. Meanwhile, the use of 

marjoram diet increased the protein and decreased the fat and total solids. The 

lipidic profile of the cheeses manufactured from the milk of ewes fed with both 

diets was similar to the lipidic profile observed in milk. 

 The canola seed diet increased the adhesiveness in cheeses. The marjoram diet 

reduced hardness in cheeses, which showed less intense yellow colour. Both diets 

did not affect the sensorial characteristics of cheeses.  

 The antioxidant capacity in cheeses was higher than in milk. The cheeses 

manufactured from the milk of ewes fed with marjoram diet showed higher 

antioxidant capacity than the other cheeses. 
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 The yogurts manufactured from the milk of ewes fed with canola seed diet or 

marjoram diet showed low fat and total solids content. The use of marjoram diet 

increased the protein content in yogurts. The lipidic profile of yogurts was similar 

to the lipidic profile observed in milk and cheeses. Furthermore, the CLA content 

increased during the fermentation in the manufacturing process. 

 The firmness and viscosity of yogurts decreased with canola seed diet while 

increased with marjoram diet, but no changes were showed in the sensorial 

characteristics. The marjoram diet fed to the ewes increased the lightness in 

yogurts. 

 The antioxidant capacity of yogurt was 2 times higher to the antioxidant capacity 

of milk. The use of marjoram diet increased the antioxidant and anti-inflammatory 

capacity in yogurts in comparison with the canola seed and the control diet. 

As main conclusion, the present thesis demonstrates that the combination of canola seed 

and marjoram plant in sheep diet doesn’t affect milk yield and induces the production of 

milk and dairy products with a healthy lipidic profile and high antioxidant and anti-

inflammatory activity, which might help to reduce the risk of cardiovascular diseases. 
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6.1. Introducción 

6.1.1. Alimentos funcionales 

La principal función de la dieta es aportar los nutrientes necesarios para satisfacer las 

necesidades nutricionales de las personas. Sin embargo, hoy en día, la ciencia de la 

nutrición ha evolucionado a partir de conceptos clásicos, como evitar las deficiencias de 

nutrientes y la suficiencia nutricional básica, a los conceptos de nutrición “positiva” u 

“optima”. 

El concepto de alimentos funcionales nació en Japón. En los años 80, las autoridades 

sanitarias japonesas se dieron cuenta que para controlar los gastos sanitarios, generados 

por la mayor esperanza de vida de la población anciana, había que garantizar también 

una mejor calidad de vida (Nagashima et al., 2013; Szakály et al., 2012). Se introdujo 

un nuevo concepto de alimentos, que se desarrollaron especialmente para mejorar la 

salud y reducir el riesgo de contraer enfermedades.  

Los alimentos funcionales no han sido definidos hasta el momento por la legislación 

Europea. Sin embargo, esto no parece ser un obstáculo directo para el desarrollo de este 

mercado, lo que significa que los consumidores se sienten más atraídas por un mensaje 

de salud en lugar de la utilización de un término técnico particular. Y como respuesta al 

creciente interés sobre este tipo de alimentos, las autoridades se centraron en la 

necesidad de establecer normas y directrices que regulen el desarrollo y la publicidad de 

dichos alimentos. 

Muchos académicos, científicos y organismos reguladores están trabajando para 

encontrar maneras de establecer una base científica que apoye las alegaciones 

beneficiosas que se asocian a los componentes funcionales o los alimentos que los 

contienen. Sería necesario que un marco regulador protegiera a los consumidores de las 

atribuciones de propiedades falsas o confusas, y que además pudiera responder a las 

necesidades de la industria en cuanto a innovación en el desarrollo de productos, su 

comercialización y su promoción. Para que los alimentos funcionales puedan aportar 

todos los benéficos posibles para la salud pública, los consumidores tienen que 

comprender bien y confiar en los criterios científicos utilizados para documentar sus 

efectos y atribuciones beneficiosas.  
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En la Unión Europea, se han adoptado directivas y procedimientos prácticos para 

facilitar el uso de las alegaciones de salud. La directiva 1924/2006/EC establece 

disposiciones específicas relativas al uso de las alegaciones nutricionales y de salud en 

alimentos que se vayan a proporcionar como tales a los consumidores, y esta directiva 

complementa los principios generales de la Directiva 2000/13/CE. 

Entre los distintos grupos de alimentos funcionales, los productos lácteos tienen un 

papel creciente y representan el 43% del mercado (Özer and Kirmaci, 2010), debido a 

que los productos lácteos gozan en general de una imagen "saludable" ante los 

consumidores. 

6.1.2. Antioxidantes 

Durante las últimas décadas, la utilización de los antioxidantes en la industria aumentó 

significativamente (Franz. 2011). La importancia de los antioxidantes se debe a que 

contribuyen eficientemente en la preservación de los alimentos de la deterioración 

oxidativa (Souza Cruz et al., 2012). Muchos alimentos son muy sensibles al oxígeno, 

que es responsable de sus deterioros de una manera directa o indirecta.  De todas las 

grasas, los ácidos grasos poli-instaurados son los más susceptibles al deterioro (Boroski 

et al., 2012), lo que afecta las características físico-químicas, nutricionales y sensoriales 

de los productos (Boroski et al., 2012; Petit, 2009). Además, los radicales libres 

implicados en la oxidación de los poli-insaturados están involucrados en varias 

enfermedades, incluyendo aterosclerosis y cáncer (Yin and Porter, 2005). 

Halliwell and Gutteridge (2007) definen los antioxidantes como “cualquiera substancia 

que retrasa, previene o remueve los daños oxidativos de las moléculas objetivo”. 

Además, Alamed et al. (2009), define los antioxidantes como compuestos sintéticos o 

naturales que tienen la habilidad de disminuir la oxidación lipídica. Otros autores 

definen los antioxidantes como atrapadores de radicales libres que previenen los daños 

debidos a las especias reactivas de oxigeno (ROS) (Niki et al., 2011; Gordon, 2012). 

El mecanismo de defensa contra los radicales libres involucra muchos mecanismos; 

atrapar oxidantes, reparar/ remover daños oxidativos o encapsular daños irreparables. La 

primera línea de defensa consiste en interferir en la reacción inicial que genera los ROS, 

la segunda en atrapar los radicales libres para romper la cadena de propagación de las 

reacciones y la ultima en reparar los daños oxidativos generados (Sgorlon et al., 2006; 

Lobo et al., 2010; Lykkesfeldt and Svendsen, 2007).  
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Los antioxidantes pueden ser clasificados según muchos criterios; naturaleza, 

propiedades físico-químicas, estructura y mecanismo de acción (Vertuani et al., 2004). 

Sin embargo, el criterio más utilizado es el del origen (natural o sintético). 

Los antioxidantes tienen además de la capacidad antioxidante, unas propiedades anti-

inflamatorias al poder interferir en los procesos anti-inflamatorios.  

Durante el proceso oxidativo, son los lípidos, proteínas y carbohidratos de los alimentos 

las moléculas que son atacadas por los diferentes radicales libres y por ello están 

involucrados diferentes mecanismos. La evaluación de las propiedades bioactivas de los 

alimentos, capacidad antioxidante y anti-inflamatoria, se obtiene utilizando varios 

métodos, desarrollados, fundamentalmente, durante la última década. La evaluación de 

la capacidad antioxidante se determina o bien utilizando ensayos basados en la 

transferencia de electrones o en otros basados en la transferencia de átomos de 

hidrogeno. Los métodos basados en la transferencia de electrones incluyen FCR (Folin-

Ciocalteau), ABTS (2,2’ ácido azinobis-3-etil- benzotiazolin-6- sulfónico), FRAP 

(Ferric Reducing Antioxidant Power) y DPPH (1,1-difenil-2-picrilhidrazil)  

y otros aunque los más utilizados en alimentos son los tres primeros. Existen varios 

métodos basados en la transferencia de átomos de hidrógenos pero el más utilizado es el 

ORAC por la utilización del radical peroxilo, que es el más común en las matrices 

biológicas. Por otro lado, dado que los métodos utilizados son varios y basados en 

diferentes reacciones y también pueden estar expresadas en diferentes unidades, la 

comparación entre ellos se encuentra difícil y de allí la necesidad de calcular el índice 

de capacidad antioxidante relativa (RACI), que combina los datos de los diferentes 

ensayaos. 

La evaluación de la capacidad anti-inflamatoria se puede evaluar mediante diferentes 

métodos y uno de ellos es el SSAO (amino oxidasa sensible al semicarbazide), que es 

un método enzimático cuyos resultados presentan una buena correlación con los datos 

de la capacidad antioxidante. 

6.1.3. La mejorana y la colza 

La mejorana (Thymus mastichina L.) pertenece al género Thymus que es uno de los 

géneros más importantes de la familia Lamiaceae. Es una planta endémica de la 

península ibérica y está ampliamente distribuida con una excelente adaptación a 

múltiples ecosistemas (Blanco. 2007). Es una planta aromática y medicinal, 
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caracterizada por su alto contenido en aceites esenciales y compuestos fenólicos. Los 

principales componentes de los aceites esenciales son el 1,8-cineol y el linalol, 

conocidos por sus propiedades terapéuticas (Aggarwal and Kunnumakkara, 2009). Los 

compuestos fenólicos están presentes en las diferentes partes de la planta. Dentro de los 

compuestos fenólicos, la clase más amplia es el grupo de los flavonoides, que son  

conocidos por actividad antioxidante. También, la capacidad antioxidante de los 

compuestos fenólicos depende de sus estructuras químicas (solubles e insolubles). Estos 

compuestos actúan dando un átomo de nitrógeno y un electrón que convierte los 

radicales libres en compuestos inofensivos. Los polifenoles tienen altas propiedades 

bioactivas y dentro de ellos, los flavonoides son los más potentes y juegan un papel 

importante en la reducción del desarrollo de enfermedades degenerativas (Pandey and 

Rizvi, 2009; Dashwood. 2007; Vauzour et al., 2010; Mink et al., 2007). 

La colza (B. napus L.) pertenece a la familia Cruciferae y procede de una hibridación 

natural de la colza, tiene un perfil nutricional diferente caracterizado por un bajo 

contenido en glucosinolates y ácido erúcico. Durante los últimos diez años, el principal 

énfasis en la alimentación fue la reducción de la grasa total en las dietas y reemplazar 

los ácidos grasos saturados y los trans por ácidos grasos poli-instaurados para disminuir 

los riesgos asociados a las enfermedades degenerativas (Christen et al., 2013; Erkkiläet 

al., 2008; Guesnet et al., 2005; Zampatti. 2013). 

6.1.4. Efecto de la dieta sobre los rendimientos animales y la 

composición de la leche 

La modificación de la dieta de los animales con el objetivo de modificar el perfil 

nutricional y saludable de la leche y de los productos lácteos derivados ha sido el 

objetivo de varios estudios. 

La inclusión de antioxidantes en la dieta se puede hacer de diferentes maneras, como la 

incorporación de aceites esenciales, extractos de plantas, etc.. Otra manera seria incluir 

las plantas con alto contenido en antioxidantes en las raciones de los animales con la 

finalidad de obtener unos productos enriquecidos en estos compuestos. Pocos estudios 

han investigado el efecto de incluir compuestos fenólicos mediante la utilización de las 

plantas enteras en la dieta de los animales. Se han alcanzado avances y uno de ellos ha 

sido el aumento del contenido en proteína de la leche. Este incremento ha sido asociado 

principalmente a la formación de un complejo proteína-fenol, que permite proteger la 
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proteína inhibiendo su utilización por los microorganismos del rumen y 

subsecuentemente mejorar su disponibilidad en la glándula mamaria para producir más 

leche o una leche con un mayor contenido en proteína. 

En cuanto a la inclusión de grasa insaturada en la dieta con el fin de modificar el perfil 

lipídico hacia una leche más saludable, baja en grasa saturada y menor contenido de 

ácidos grasos trans y con un mayor contenido en grasa poli-insaturada, han sido 

llevados a cabo varios estudios pero son pocos los realizados en ovejas recibiendo 

semillas de plantas oleaginosas (Gómez-Cortés et al., 2009; Mughetti et al., 2012; 

Zhang et al., 2006a; Zhang et al., 2006b).  

6.1.5. Sector ovino lácteo y características de la leche 

Durante las últimas décadas se ha producido un crecimiento importante en el censo 

ovino mundial, que ha venido a coincidir con un aumento en la producción láctea, 

principalmente asociado al aumento de la producción individual de leche por oveja, 

debido a una mejora de los sistemas de producción. En España, el sector ovino juega un 

papel importante asociado a aspectos culturales y ecológicos y también por su 

contribución a la vida socio-económica del país. Durante las últimas décadas, el censo 

ovino ha experimentado unos cambios importantes asociados a la incorporación de 

España a la unión europea, a la última reforma de la PAC y también  a los cambios en 

los gustos del consumidor y a las subidas de precios de las materias primas y de los 

tratamientos zoosanitarios (MARM, 2011). 

El control de la composición físico-química y microbiológica de la leche es esencial 

para un buen desarrollo de los productos lácteos. Las leches de las diferentes especies 

tienen los mismos componentes básicos (carbohidratos, proteína, grasa y minerales). Sin 

embargo, se han observado importantes diferencias entre las especies (vaca, oveja y 

cabra). La leche de oveja tiene el más alto contenido en grasa, proteína y solidos totales 

y también en minerales en comparación con la de vaca y la de cabra (Tamime et al., 

2011; Barlowska et al., 2011; Park et al., 2007).  

La producción y la calidad de la leche depende de varios factores; unos inherentes al 

animal como la genética, el estado de lactación o fisiológico y otros que dependen de 

los factores externos como el sistema de ordeño, la dieta y la época de lactación. 

 



Chapter 6                                                                                                                           Resumen 
 
 

178 
 

6.1.6. Productos lácteos 

Los productos lácteos, quesos y leches fermentadas tienen una elevada aceptabilidad por 

parte del consumidor ya que han sido generalmente asociados a productos saludables. 

Por otro lado, los productos lácteos fabricados a partir de leche de oveja juegan un papel 

importante dado que son fabricados, en parte, de forma tradicional y ayudan a mantener 

una población y una economía perdurable en las zonas rurales. 

Los quesos y los yogures son fuentes de componentes nutritivos con unas propiedades 

funcionales que van más allá de sus beneficios nutritivos. Algunos de estos 

componentes pueden reducir los riesgos de enfermedades degenerativas como los 

péptidos bioactivos que se liberan en el queso durante la maduración y en el yogurt 

durante la fermentación. En relación con las propiedades organolépticas de estos 

productos, lo mas importantes son la textura, el aroma y la aceptabilidad, y todas ellas 

influyen en la decisión de compra por parte del consumidor. 

6.2. Materiales y métodos 

6.2.1. Evaluación de la mejorana (T. mastichina L.) como fuente de 

antioxidantes naturales 

Material vegetal: mejorana 

En este estudio se ha utilizado principalmente mejorana cultivada, cuya procedencia 

eran semillas silvestres y también en una pequeña proporción, mejorana silvestre 

recolectada directamente del campo. La mejorana cultivada provenía de dos campos de 

agricultores en la provincia de Valladolid, España (Villabrágima en Ctra. Castromonte y 

San Pedro Latarce), que han sido pioneros en este cultivo. La mejorana silvestre se 

recolectó en los alrededores de la Escuela de la Santa Espina (Castromonte, Valladolid). 

Toda la mejorana utilizada en este estudio se recogió en Junio de 2010, con una altura 

de planta de unos 40 cm, procediéndose directamente a su secado, a una temperatura de 

19.5 ºC en una nave de unos 80 m2, bien aireada y protegida de la exposición solar. Una 

vez seca se picó finamente (tamaño ≈ 1 cm) para su envasado, almacenamiento y 

posterior incorporación en la dieta. 

Evaluación de las propiedades bioactivas de la mejorana 

Para evaluar las propiedades bioactivas de la mejorana, se procedió a la determinación 

de su capacidad antioxidante y anti-inflamatoria, mediante la extracción previa de los 
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compuestos fenólicos de la planta y utilizando varios solventes (agua, etanol y metanol) 

a través de un proceso de homogenización, agitación, centrifugación, filtración y 

evaporación. 

Para la evaluación de la capacidad antioxidante, se utilizaron dos métodos: 

• Determinación del contenido en fenoles totales según el método descrito por 

Singelton et al. (1999). 

• Determinación de la capacidad atrapadora del radical libre DPPH según el 

método descrito por Sánchez-Moreno (2002). 

La evaluación de la capacidad anti-inflamatoria fue llevada a cabo midiendo la actividad 

inhibidora de SSAO de los extractos de mejorana. 

Caracterización de los compuestos fenólicos del T. mastichina L. 

La caracterización de los polifenoles de T. mastichina fue llevada a cabo utilizando la 

cromatografía líquida-electrospray-espectrometría de masas (LC-ESI-MS/MS). Se 

realizó previamente una extracción en fase-sólida según el método descrito por García 

et al. (2004), para una limpieza de muestras antes de la separación en el LC- MS. 

6.2.2. Evaluación de los parámetros productivos de las ovejas 

Diseño experimental 

El experimento se llevo a cabo entre enero y marzo 2011. Todas las prácticas de manejo 

de los animales siguieron la Directiva del Consejo General Europeo 86/6097EEC y las 

recomendaciones de la Comisión Europea (2007/526/EC) para la protección de los 

animales utilizados para propósitos experimentales y otros científicos. Los animales 

fueron divididos en tres grupos experimentales que recibieron diferentes dietas, que 

consistieron en una ración completa (TMR), incluyendo melaza para evitar la selección 

de los componentes y basada en un heno de alfalfa deshidratada y concentrado.   

El grupo control (CO) recibió una TMR sin ningún suplemento, el segundo grupo 

recibió una TMR suplementada con 2.85% de semilla de colza (CS), ambas dietas 

formuladas para ser iso-energéticas y iso-proteicas. El tercer grupo recibió una ración 

modificada, substituyendo 7.5% de la ración de CS con mejorana (TM).   
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Caracterización de la dieta 

La composición química de las dietas y sus contenidos en materia seca, materia 

orgánica, nitrógeno y extracto etéreo fue evaluada siguiendo el método descrito en el  

AOAC (2006). La fibra neutro detergente y el acido neutro detergente fueron 

determinados según el método descrito por Goering and Van Soest (1970) y Van Soest 

et al. (1991), añadiendo el sulfato sódico. La fibra neutro detergente fue analizada con 

α-amilasa. El contenido medio de las dietas en proteína, fibra neutro detergente, acido 

neutro detergente y extracto etéreo fue 17.79 ± 0.80, 30.82 ± 1.10, 20.41 ± 1.20 y 4.75 ± 

0.42, respectivamente.    

Evaluación de los parámetros productivos de las ovejas secas 

La evaluación de los rendimientos de las ovejas incluyó dos ensayos; el control de la 

ingestión individual y del peso vivo, y el control de la digestibilidad de los nutrientes y 

del balance de nitrógeno. En estos dos ensayos se utilizaron ovejas de raza Assaf no-

gestantes y secas, pero el número de animales y las instalaciones utilizadas difieren de 

un ensayo a otro. 

Para el control de la ingestión y del peso vivo se utilizaron treinta ovejas (10 animales 

en cada grupo). El control de las cantidades ofrecidas y rechazadas se efectuó 

diariamente durante 5 días consecutivos. Las muestras de alimentos y de los rechazos se 

secaron a 60º C hasta peso constante y luego se guardaron. El peso vivo se midió al 

principio y al final del periodo experimental (5dias de intervalo). 

Para el control de la digestibilidad de los nutrientes y del balance de nitrógeno, se 

utilizaron veinticuatro ovejas (8 animales en cada grupo). Durante 5 días consecutivos, 

en las jaulas de digestibilidad, se controlaron las cantidades consumidas de alimentos y 

las cantidades generadas de heces. También se procedió a la recolección de las heces, 

orina y residuos de alimentos, y se guardó una muestra representativa para su posterior 

análisis. 

Evaluación de los parámetros productivos de las ovejas en lactación 

Para el control de los rendimientos animales de las ovejas en lactación, se utilizaron 

treinta ovejas multíparas de raza Assaf en mitad de lactación, divididas en tres grupos 

homogéneos (12 animales en cada grupo) en función de la producción de leche, el peso 

vivo y el grado de condición corporal. El experimento duró 4 semanas. 
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Antes del control de la ingestión, hubo un periodo de adaptación de 10 días, durante el 

cual las ovejas recibieron la dieta control. Las dietas fueron ofrecidas diariamente ad 

libitum con disponibilidad permanente del agua. La ingestión fue registrada diariamente 

para cada grupo de ovejas calculando la diferencia entre lo ofrecido y lo rechazado. El 

peso vivo de cada oveja fue registrado semanalmente. 

Las ovejas se ordeñaron diariamente a las 8: 30 y 18: 30 h y la producción individual de 

cada oveja se registró diariamente en cada ordeño, mañana y tarde. 

6.2.3. Caracterización de la leche y de los productos derivados 

Diseño experimental  

La leche que se utilizó para la fabricación de los productos lácteos fue producida por las 

ovejas en lactación descritas en el ensayo anterior. La mezcla de leche de cada grupo de 

ovejas (CO, CS y TM) fue colectada en tres tiempos (principio, mitad y final) de un 

periodo experimental que duró 4 semanas, y que fue utilizada para fabricar yogures y 

quesos. 

Para la fabricación de yogures se colectaron tres lotes de leche, de cada grupo de ovejas 

(CO, CS y TM), al principio, mitad y final del periodo experimental con 15 días de 

intervalo. La leche utilizada provenía del ordeño de la mañana y se necesitaron 5 L de 

leche para cada fabricación tradicional de yogures. 

Se fabricaron 12 quesos del tipo “queso castellano”, dos quesos de cada tipo de leche 

(CO, CS y TM), al principio y al final del periodo experimental y con un intervalo entre 

fabricaciones de 20 días. La leche utilizada para las fabricaciones provenía del ordeño 

de la tarde del día anterior que se guardó a 4ºC y luego se mezcló con la leche del 

ordeño de la mañana para obtener una cantidad de leche suficiente para las 

fabricaciones de quesos con cada tipo de leche (se necesitan unos 14 L para fabricar un 

queso de 2kg). El tiempo de maduración de los quesos fue también considerado (2 y 4 

meses). Se analizó un queso a los 2 meses de maduración y otro diferente a los 4 meses. 

Los datos de los quesos al día 1 de fabricación fueron excluidos dado que el “queso 

Castellano”, se fabrica con leche cruda y esto hace que, por razones de seguridad, los 

quesos no se pueden consumir hasta después de 2 meses de maduración. 
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Caracterización de la leche 

Las muestras de la leche de mezcla de cada grupo de ovejas fueron colectadas antes de 

cada fabricación de quesos o de yogures, y guardadas a -20ºC para su posterior análisis. 

Las muestras utilizadas en los ensayos de bioactividad fueron liofilizadas.  

Se llevaron a cabo una serie de análisis para la evaluación de las propiedades de la leche 

de mezcla de las ovejas; análisis de la composición físico-química, perfil lipídico y 

capacidad antioxidante. 

En el análisis de la composición físico-química, se determinó el contenido en grasa, 

proteína, lactosa y sólidos totales con el método de espectrometría infrarroja. El 

contenido en caseína se analizó según el procedimiento ISO 17997-1: 2004. 

Para la caracterización del perfil lipídico de la leche, se llevaron a cabo diferentes 

extracciones y fueron utilizadas diferentes técnicas cromatográficas. Para el análisis del 

perfil de ácidos grasos y de los isómeros del ácido linoleico conjugado (CLA), la grasa 

fue extraída según el procedimiento ISO 14156: 2001 y la metilación se realizó según el 

procedimiento ISO 15884:2002 y para llevar a cabo el análisis se 

utilizó cromatografía gas-líquido (GLC) acoplada a espectrometría de masas  (MS) y 

cromatografía líquida de alta eficacia (HPLC) acoplada a un detector UV para ácidos 

grasos e isómeros del CLA, respectivamente. Par el análisis de los triglicéridos y de los 

fosfolípidos, se hicieron otras extracciones de la grasa y se utilizó cromatografía de 

gases para analizar los triglicéridos y cromatografía líquida de alta eficacia (HPLC) 

acoplada a un detector ELSD para analizar los fosfolípidos. 

Para la evaluación de la capacidad antioxidantes de la leche, se procedió a la extracción 

de los compuestos fenólicos según el método descrito por Redeuil et al. (2009) con 

algunas modificaciones con respecto al temperatura de extracción. 

La capacidad antioxidante de las muestras de leche fue evaluada midiendo la capacidad 

atrapadora del radical libre ABTS según el método descrito por Chen et al. (2002). 

Caracterización de los quesos and yogures 

Después de cada fabricación las muestras de yogures y de quesos se guardaron a 4ºC 

para el análisis organoléptico, y a -20ºC para los análisis físico-químicos y la 

caracterización del perfil lipídico, y las destinadas a los ensayos de bioactividad fueron 

liofilizadas. 



Chapter 6                                                                                                                           Resumen 
 
 

183 
 

6.2.3.1.1. Caracterización de los quesos  

Durante el proceso de elaboración del queso, se procedió al calentamiento de la leche, 

luego se añadieron el cloruro cálcico, los fermentos y el cuajo. Una vez producida la 

coagulación, la cuajada se cortó en cubos y siguió bajo calentamiento progresivo y 

agitación hasta que hubo sinéresis. Posteriormente, se eliminó el suero y la cuajada se 

introdujo en moldes para el prensado. El saldo se realizó con la introducción de los 

quesos en una salmuera. La maduración se llevó a cabo en una cámara frigorífica con 

unas características determinadas de temperatura y humedad. 

Se llevaron a cabo varios análisis para la evaluación de las propiedades de los quesos; 

análisis de la composición físico-química, perfil lipídico, aspectos organolépticos y 

capacidad antioxidante. Para los análisis físico-químicos, el contenido en grasa, proteína 

y sólidos totales se determinaron según los procedimientos ISO 1735: 2004, 8968-1: 

2001 y 5534: 2000, respectivamente. El pH fue medido a temperatura ambiente y el 

contenido en sal fue determinado según el método descrito por Cimiano (1999).  

El perfil lipídico del queso incluyó la caracterización del perfil de ácidos grasos y de 

triglicéridos. La extracción de la grasa del queso se hizo según el procedimiento ISO 

14156: 2001, pero la metilación de esta grasa se hizo igual que en la leche. Los métodos 

cromatografícos de análisis utilizados fueron los mismos descritos para la leche. 

La evaluación de los aspectos organolépticos del queso incluyó un análisis del color, de 

la textura y un análisis sensorial. Los parámetros de color se evaluaron mediante el 

espacio de color CIELAB con las coordenadas de cromaticidad (a* y b*) y luminosidad 

(L*). El análisis del perfil de textura (TPA) mediante la determinación de diferentes 

atributos de manera instrumental (firmeza, adhesividad, elasticidad, cohesividad, 

pegajosidad y masticabilidad). Las pruebas sensoriales se realizaron con un panel de 

cata entrenado a través de un test discriminativo basado en pruebas de comparaciones 

múltiples. 

Para la evaluación de la capacidad antioxidantes de los quesos, se realizó la extracción 

de los compuestos fenólicos según el método descrito por Meira et al. (2012) con 

algunas modificaciones. Esta capacidad antioxidante fue evaluada midiendo la 

capacidad atrapadora del radical libre ABTS, igual que para las muestras de leche. 
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6.2.3.1.2. Caracterización de los yogures 

El proceso de elaboración de los yogures consistió en la filtración de la leche, 

pasteurización, adición del fermento, fermentación y posterior almacenamiento para 

conservación en cámara fría. 

Se realizaron una serie de análisis para evaluar las propiedades de los yogures; análisis 

físico-químicos y microbiológicos, caracterización del perfil lipídico, análisis de los 

aspectos organolépticos y determinación de la capacidad antioxidante. 

Los análisis físico-químicos para determinar el contenido en grasa y sólidos totales, y la 

acidez total, se determinaron según los procedimientos ISO 1211: 2010, 13580: 2005 y 

11869: 1997, respectivamente. El contenido en proteína y el pH fueron medidos igual 

que en el queso. El análisis microbiológico de los yogures se realizó únicamente en la 

primera fabricación de yogures, para determinar su contenido en bacterias lácticas y 

verificar el cumplimiento de la Norma Española para el yogurt. El control de la 

viabilidad de la microflora láctica (Streptococcus thermophilus y Lactobacillus 

bulgaricus) se realizó a los días 1, 7 y 14 de fabricación. 

El perfil lipídico de los yogures incluyó la caracterización del perfil de ácidos grasos y 

de triglicéridos. La extracción de la grasa de los yogures, la metilación de esta grasa y 

los métodos cromatografícos utilizados para analizarla fueron los mismos descritos para 

la leche. 

Las pruebas sensoriales utilizadas para diferenciar ente los yogures fabricados con los 

tres tipos de leche fueron las mismas que las utilizadas para los quesos.  

Para la caracterización de los compuestos fenólicos en los extractos de yogures se 

utilizó el mismo método descrito para la mejorana. La evaluación de la bioactividad de 

los yogures se realizó llevando a cabo varios ensayos de capacidad antioxidante y un 

ensayo de capacidad anti-inflamatoria. 

El procedimiento de la extracción de los compuestos fenólicos de los yogures se realizó 

en dos fases; la primera utilizó el sobrenadante y fue igual al procedimiento descrito en 

la leche y la segunda se realizó según el método descrito por Serafini et al. (2009). Los 

ensayos de capacidad antioxidantes incluyeron; la capacidad atrapadora del radical libre 

DPPH descrita por Sánchez-Moreno (2002), la capacidad atrapadora del radical libre 

ABTS descrita por Chen et al. (2002) y la capacidad de absorción de radicales de 
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oxígeno (ORAC) descrita por Huang et al. (2005). La evaluación de la capacidad anti-

inflamatoria fue llevada a cabo midiendo la actividad inhibidora de SSAO de los 

extractos de yogures, igual que en los extractos de mejorana. 

6.3. Resultados y discusión 

6.3.1. Evaluación de la mejorana (T. mastichina L.) como fuente de 

antioxidantes naturales 

Evaluación de las propiedades bioactivas del T. mastichina L. 

6.3.1.1.1. Contenido en fenoles totales de los extractos de mejorana 

El contenido en fenoles totales de los extractos de la planta fue evaluado utilizando 

diferentes solventes (agua, etanol y metanol). Se observó que las extracciones con 

metanol tenían un contenido en fenoles totales significativamente más elevado con 

respecto a las demás extracciones (etanol y agua). Además, comparando estos 

resultados con valores en otros estudios, donde se utilizó el metanol para las 

extracciones, se apreció que los valores actuales fueron más elevados. Este incremento 

se asoció principalmente al origen silvestre de la planta, y también al hecho que las 

muestras procedían de la planta entera y no únicamente de partes de la planta, como 

flores, hojas o tallos. 

6.3.1.1.2. Capacidad atrapadora del radical libre DPPH de los extractos de 
mejorana 

La evaluación de la capacidad atrapadora del radical libre DPPH de los extractos de 

mejorana reveló que las extracciones con metanol tenían los valores más elevados con 

respecto a las extracciones con agua y con etanol (P<0.05). La capacidad antioxidante 

de los diferentes extractos sigue un patrón que depende de la concentración utilizada. Se 

observó que la concentración adecuada para comparar las diferentes extracciones fue 

0,03 mg/mL.  

Por otro lado, y similarmente a los resultados observados en el contenido de fenoles 

totales, la mejorana tenía una capacidad antioxidante más alta que otras plantas y esto 

fue asociado a diferencias entre estudios como el hecho de utilizar la planta entera y no 

partes de la planta para el análisis. De hecho una correlación significativa se observó 

entre los resultados del contenido en fenoles totales y los valores de la capacidad 
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antioxidantes debido a que los extractos con alto contenido en polifenoles suelen exhibir 

una alta capacidad antioxidante.  

Además, la alta capacidad antioxidante en los extractos de mejorana se asoció a sus 

elevadas concentraciones en flavonoides (luteolina, quercetina, apigenina) y en otros 

quimiotipos como el 1,8cineol, dado sus elevadas propiedades antioxidantes. 

De otro parte, se observó que el efecto del solvente fue significativo en la correlación 

entre el contenido en fenoles totales y la capacidad antioxidante cuando se incluyeron 

los datos de las extracciones con agua y metanol excluyendo los datos de las 

extracciones con etanol. 

6.3.1.1.3. La actividad inhibidora de SSAO de los extractos de mejorana 

La capacidad anti-inflamatorio de los extractos de mejorana se evaluó a través de la 

determinación de la actividad inhibidora de SSAO. La capacidad inhibidora de los 

extractos de mejorana, extraídos con agua, fue comparada a la actividad del 

semicarbazide para poder cuantificar sus actividades inhibidoras. 

La actividad inhibidora de SSAO de los extractos de mejorana sigue un patrón que 

depende de la concentración utilizada. Se observó que la mejorana tenía una elevada 

capacidad anti-inflamatoria, dado su alto poder inhibidor de SSAO, que se asoció 

principalmente al hecho de que los análisis se efectuaron en la planta entera y no en 

compuestos aislados. Este resultado fue en acorde con un estudio que utilizó otro 

método para medir la capacidad anti-inflamatoria del T. mastichina, y que observó que 

la capacidad anti-inflamatoria del T. mastichina fue superior a la de otras especies 

pertenecientes a la misma familia (Lamiaceae). 

Caracterización de los compuestos fenólicos del T. mastichina L. 

La caracterización de los polifenoles en T. mastichina fue llevada a cabo utilizando la 

cromatografía líquida-electrospray-espectrometría de masas (LC-ESI-MS/MS). Para la 

caracterización, se utilizaron extractos de planta preparados con metanol, dado que los 

valores más elevados de contenido en fenoles totales y de capacidad antioxidante se 

obtuvieron en extractos de metanol. 

Se identificaron dieciocho polifenoles durante el análisis cromatografíco y la mayoría 

fueron flavonoides (diecisiete), probablemente debido a que se utilizó una extracción en 

fase solida durante la preparación de las muestras. De hecho, el único acido fenólico 
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identificado fue el ácido rosmarínico. La mayoría de estos flavonoides se presentaron 

enlazados a compuestos glucósidos o glucurónidos.  

La cantidad de cada compuesto fue expresada en µg kaempferol/mg de extracto seco. 

Los compuestos más abundantes identificados fueron en un orden decreciente;   

luteolina-7-O-glucosida, quercetina glucosida y luteolina. Además, apigenina, narginina 

y eriodictiol estuvieron presentes en elevadas cantidades. La presencia elevada de 

luteolina, quercetina y apigenina en los extractos de mejorana fue acorde a otros 

estudios realizados con varias plantas aromáticas. Sin embargo, el ácido rosmarínico 

que suele ser el compuesto más importante en plantas de la misma familia (Lamiaceae), 

estuvo presente en gran cantidad pero no como compuesto principal. 

Optimización de la extracción y de la producción de mejorana 

Se estudió la eficiencia de los diferentes solventes (agua, etanol y metanol) con respecto 

a la extracción de los polifenoles de la mejorana. La producción varió 

significativamente según el solvente utilizado para la extracción y se observó que el 

metanol fue el solvente más eficaz para la extracción de los compuestos fenólicos en 

comparación con extractos de agua y etanol 

6.3.2. Evaluación de los rendimientos animales y de lactación de 

las ovejas 

Evaluación de los rendimientos animales de las ovejas secas 

6.3.2.1.1. Ingestión y peso vivo 

Se observaron diferencias significativas entre los diferentes grupos de ovejas en relación 

con la dieta recibida (CO, CS y TM) con respecto a la materia seca ingerida y al peso 

medio. Las ovejas que recibieron la dieta con mejorana tenían el peso vivo medio más 

bajo mientras que no se observaron diferencias en el peso entre las ovejas que recibieron 

la dieta con colza y las que recibieron la dieta control. Por otro lado, el grupo que 

recibió una dieta con colza tenía una ingestión individual más alta que el grupo que 

recibió la dieta con mejorana y una ingestión no significativamente distinta que el grupo 

control. Sin embargo, cuando la ingestión se expresó en g/kg de peso vivo, las 

diferencias entre grupos no fueron significativas y esto supone que una parte de las 

diferencias observadas en la ingestión se puede asociar a las diferencias observadas en 

el peso de los animales. 
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6.3.2.1.2. Digestibilidad y balance de nitrógeno  

El efecto de la dieta fue significativo con respecto a la digestibilidad de los nutrientes 

(materia seca, proteína bruta, fibra neutro detergente, fibra acido detergente y grasa) y 

balance de nitrógeno (nitrógeno retenido). No se observaron diferencias significativas 

entre las ovejas que recibieron la dieta control y las que recibieron la dieta con colza, y 

esto puede ser debido a la similar composición de nutrientes en ambas raciones por el 

porcentaje de colza incluido en la dieta (2.85%). 

Por otro lado, la inclusión de la mejorana en la dieta con colza, afectó 

significativamente la digestibilidad de todos los nutrientes. No obstante, no se 

observaron diferencias significativas en el balance de nitrógeno. Se observó una 

reducción de la digestibilidad de la materia seca, proteína bruta, fibra neutro detergente 

y fibra acido detergente. Esta reducción puede ser asociada al mayor contenido en fibra 

de la dieta con mejorana y también a la inhibición de los protozoarios, bacterias 

celulolíticas y hongos en el rumen como resultado de la inclusión de compuestos 

antioxidantes en la dieta. Además, los poli-fenoles pueden unirse a macromoléculas 

como los carbohidratos, las proteínas alimentarias y las enzimas digestivas, lo que 

podría reducir su digestibilidad. 

Sin embargo, la digestibilidad de la grasa del grupo alimentado con mejorana (TM) 

aumentó significativamente con respecto a los grupos alimentados con las otras dos 

dietas (CO y CS). Este incremento puede ser debido a los compuestos fenólicos que 

actuaron como atrapadores de radicales libres y quelantes de metales, responsables de 

catalizar la peroxidación lipídica, y de esta manera pudieron preservar los lípidos de la 

oxidación e hicieron que fueran más disponibles para los microorganismos del rumen.  

La digestibilidad de la grasa, que disminuyó debido a la inclusión de la colza en la dieta, 

se mejoró con la inclusión de la mejorana. 

Evaluación de los rendimientos animales de las ovejas en lactación. 

6.3.2.1.3. Ingestión y peso vivo 

Las diferencias en la materia seca ingerida entre los grupos de ovejas fueron 

significativas. Se observó que el grupo control tuvo el valor de ingestión más alto 

(P>0.05). La inclusión de colza en la dieta control disminuyó la ingestión de materia 

seca de las ovejas, y esta reducción puede estar asociada a la cantidad de ácidos grasos 

en la dieta y también a su grado de instauración. No obstante, la materia seca ingerida 
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del grupo de ovejas que recibió la mejorana fue la más baja con respecto a los demás 

grupos y esto durante todo el periodo experimental. Esta disminución puede ser debida 

al alto contenido en fibra de la ración con mejorana.  

El peso vivo de las ovejas en lactación que recibieron diferentes dietas (CO, CS y TM) 

no varió significativamente durante el periodo experimental. 

6.3.2.1.4. Producción de leche 

El efecto de la modificación de la dieta con la inclusión de la colza o de la mejorana no 

afectó significativamente la producción de leche de las ovejas durante todo el periodo 

experimental. Este resultado puede estar asociado al hecho de que un aumento de la 

producción de leche está más asociado a la cantidad de energía en la dieta y al estado 

energético de las ovejas que al cambio del perfil lipídico de la dieta. El incremento de la 

producción de leche estuvo también asociada a una mejor ingestión de materia seca y 

una mayor digestibilidad de la materia seca y de la fibra. No obstante, esto no fue el 

caso en este estudio dado que las ovejas con mejorana produjeron un cantidad de leche, 

similar a los demás grupos, ingiriendo menos materia seca y teniendo la más baja 

digestibilidad de materia seca y de fibra, y esto puede ser debido a que los antioxidantes 

presentes en la mejorana pudieron mejorar el estado antioxidativo de las ovejas. 

Además, la movilización de reservas corporales reflejadas en los cambios de peso vivo 

pueden ayudar a explicar la no diferencias en producción de leche a pesar de las 

diferencias en digestibilidad. 

6.3.3. Caracterización de le leche y de los productos derivados 

Caracterización de la leche 

6.3.3.1.1. Composición físico-química de la leche 

La composición fisicoquímica de la leche de cada grupo de ovejas (CO, CS y TM) fue 

evaluada durante el periodo experimental (inicio, mitad y final). Las diferencias entre 

leches (CO, CS y TM) fueron significativas para todos los parámetros fisicoquímicos a 

excepción del contenido en lactosa. La leche proveniente de las ovejas que recibieron 

colza en la dieta tuvo menor contenido en grasa, proteína y sólidos totales que la 

procedente del grupo de ovejas que recibieron la dieta control. La inclusión de la 

mejorana (TM) en la ración con colza (CS), causó una disminución significativa del 

contenido en grasa y sólidos totales en la leche. Sin embargo, el mayor contenido en 

proteína y caseína se observó en la leche procedente de las ovejas que recibieron la dieta 
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con mejorana (TM). El contenido en lactosa no varió significativamente entre dietas 

(P>0.05). El efecto del tiempo fue también significativo para todos los parámetros 

medidos en la leche a excepción de la lactosa. 

La disminución del contenido en grasa en la leche de las ovejas que consumieron la 

ración con colza puede ser debido a varios factores; la composición de la dieta que era 

baja en fibra con alto contenido en carbohidratos rápidamente fermentables, el nivel de 

ácidos grasos insaturados en la dieta, y el uso de una semilla de colza extrusionada. 

Todos estos factores pueden inducir la inhibición de la síntesis de novo de la leche. En 

cuanto a la disminución del contenido en proteína, la razón puede ser la disponibilidad 

insuficiente de los aminos ácidos necesarios para la síntesis de la leche en la glándula 

mamaria o cambios en los metabolismos de glucosa e insulina debido a la inclusión de 

grasa en la dieta. 

La disminución del contenido en grasa en la leche con mejorana fue superior a la 

reducción observada en la leche con colza y esto puede estar asociado al alto contenido 

en grasa poli-insaturada en la dieta con mejorana debido a que los antioxidantes 

naturales pueden proteger los ácidos grasos insaturados de la oxidación. Sin embargo, el 

contenido en proteína y caseína aumentó significativamente y este incremento puede 

estar relacionado con el hecho que los compuestos fenólicos pueden formar complejos 

con la proteína reduciendo entonces su degradabilidad en el rumen hasta llegar al 

abomaso donde este complejo se rompe para liberar la proteína que vuelve a estar de 

nuevo disponible para ser utilizada por el rumiante para la síntesis de la leche. 

6.3.3.1.2.  Perfil lipídico de la leche 

Las diferencias en el perfil de ácidos grasos fueron significativas entre las diferentes 

leches (CO, CS and TM). La modificación de la dieta al incluir colza o mejorana 

modificó el perfil de ácidos grasos de la leche. Se observó una disminución del 

contenido en ácidos grasos saturados   ¿en cual tratamiento?. Esta reducción puede estar 

asociada a la presencia de ácidos grasos de cadena larga (≥18 átomos de carbono), 

proveniente de la dieta o de la movilización de las reservas corporales, que inhibieron la 

síntesis de la acetil-CoA carboxilasa y entonces redujeron la síntesis de novo en la 

glándula mamaria. Igualmente, el nivel de los ácidos grasos poli-insaturados disminuyó 

significativamente en la leche con colza, probablemente debido a la composición de la 

dieta con colza (CS) que tiene un contenido bajo en ácido linoleico con respecto a la 
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dieta control (CO). Sin embargo, la inclusión de la mejorana en la dieta con colza 

aumentó significativamente el contenido en ácidos grasos poli-insaturados de la leche, 

un incremento probablemente debido al efecto de la mejorana como antioxidante 

natural, capaz de proteger los ácidos grasos insaturados de la oxidación antes de su 

absorción.  

El contenido en acido vacénico de las leches con colza y con mejorana aumentó 

significativamente con respecto a la leche control. Este incremento fue debido a un nivel 

alto de concentrado y de grasas insaturadas en la dietas. Además, la formación del 

trans-11 C18:1 depende de la acumulación total de los trans C18:1 en el rumen, con 

mínimas desviaciones hacia trans-10 C18:1. Se apreció siempre una correlación 

positiva entre el contenido en acido vacénico y la disminución en el contenido de grasa 

en la leche. El ácido ruménico cis-9, trans-11 CLA, el isómero más importante del 

ácido linoleico conjugado, siguió el patrón observado por el ácido vacénico, debido a 

que este ácido es el precursor del ácido ruménico en el rumen. Así se observó un 

incremento significativo en las leches con mejorana y con colza con respecto al control.  

La inclusión de la colza en la dieta control no afectó significativamente el perfil de 

triglicéridos de la leche. No obstante, el hecho de introducir mejorana en la dieta 

aumentó el contenido en triglicéridos de cadenas medias y largas (P<0.05), debido a que 

la mayoría de los ácidos grasos C18 mono y di-insaturados se esterifican en triglicéridos 

con un numero de carbonos de C50 a C54. 

El perfil de fosfolípidos en la leche no cambió con la dieta modificada por la inclusión 

de la colza pero se modificó significativamente con la dieta con mejorana. El contenido 

en esfingomielina (SM) de la leche disminuyó mientras que el contenido en 

fosfatidiletanolamina (PE) se incrementó. Este aumento puede ser debido a que la 

fosfatidiletanolamina, siendo altamente insaturada, es propensa a la oxidación y por 

tanto puede beneficiar más el efecto antioxidante de la mejorana.  

6.3.3.1.3. Capacidad antioxidante de la leche 

La capacidad antioxidante de la leche producida por las ovejas que consumieron 

diferentes raciones (CO, CS y TM) fue determinada en la fracción hidrofílica mediante 

el método TEAC. Las dietas que recibieron las ovejas afectaron significativamente la 

capacidad antioxidante de las leches. El solvente utilizado para la extracción de los 

compuestos fenólicos no modificó los resultados de la capacidad antioxidante. 
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El hecho de incluir colza en la dieta de ovejas disminuyó significativamente la 

capacidad antioxidante de la leche. Sin embargo, la inclusión de mejorana incrementó la 

capacidad antioxidante. El aumento que se observó en la leche con mejorana se puede 

asociar a los compuestos fenólicos que están presentes en la dieta.  

Caracterización de los quesos 

6.3.3.1.4. Composición físico-química de los quesos 

La composición físico-química de los quesos varió significativamente según las dietas 

que recibieron las ovejas (CO, CS y TM). Durante el periodo experimental (inicio y 

final) las modificaciones en los parámetros fisicoquímicos de los quesos siguieron el 

mismo patrón que el  observado en la composición de la leche. 

Los parámetros físico-químicos de los quesos, fabricados a partir de la leche que 

proviene de las ovejas que recibieron colza en la dieta, eran similares a los valores 

observados en los quesos control a excepción de su contenido en proteína. Sin embargo, 

la ración con mejorana modificó significativamente la composición físico-química de 

los quesos siguiendo el mismo patrón que se observó en la leche; un bajo contenido en 

grasa y sólidos totales y un alto contenido en proteína. Además, los quesos elaborados 

con la leche de las ovejas que consumieron mejorana tenían un menor valor de pH, 

debido a la inhibición del crecimiento de las bacterias lácticas en el queso por el cloruro 

de sodio. 

El tiempo de maduración no cambió los parámetros físico-químicos de los quesos 

(grasa, proteína, humedad), y esto puede implicar que no hubo proteólisis entre los 2 y 4  

meses de maduración.  

6.3.3.1.5. Perfil lipídico de los quesos 

El efecto de las dietas sobre el perfil de los ácidos grasos y de los triglicéridos en los 

quesos fue similar al efecto observado en la leche. La inclusión de la colza en la ración 

de las ovejas disminuyó el contenido en ácidos grasos saturados y poli-insaturados en 

los quesos elaborados con la leche producida. No obstante, el efecto de la mejorana fue 

disminuir los ácidos grasos saturados y aumentar los poli-insaturados. No se 

encontraron diferencias entre leches y quesos con respecto al contenido en ácido 

ruménico. Se observaron modificaciones en el perfil de los triglicéridos, el contenido en 

triglicéridos de cadena corta disminuyó significativamente en los quesos elaborados con 

leche de ovejas que recibieron colza, mientras que el contenido en  triglicéridos de 
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cadena media y larga aumentó en los quesos elaborados con la leche procedente de las 

ovejas que tenían mejorana en la ración. Esto permite concluir que el proceso de 

fabricación no afectó al perfil lipídico de las leches. 

Por otro lado, el tiempo de maduración no afectó significativamente el perfil de ácidos 

grasos y de triglicéridos en los quesos.  

6.3.3.1.6. Aspectos organolépticos de los quesos 

Los aspectos organolépticos de los quesos se vieron afectados significativamente por las 

dietas que recibieron las ovejas. Los parámetros de color en los quesos se vieron 

significativamente afectados por las dietas (CO, CS y TM) recibidas por las ovejas. Los 

valores de L* y b* no estuvieron influidos por la inclusión de la colza en la dieta, lo que 

coincide con una estructura (contenido en grasa y en solidos totales) similar entre los 

quesos elaborados con la leche procedente de las ovejas que tenián colza en su ración y 

los de los procedente de ovejas que recibieron la dieta control. Sin embargo, se observó 

que los quesos elaborados con la leche de ovejas que recibieron una ración con 

mejorana tuvieron los valores más altos de L* y los valores más bajos de b*, lo que 

supone que estos quesos fueron más luminosos y menos amarillos con respecto a los 

demás quesos (CO y CS). Esta diferencia en el parámetro b* se puede asociar 

principalmente al menor contenido en grasa de los quesos con mejorana. El tiempo de 

maduración no modificó los parámetros de color en los quesos dado que las variaciones 

en color son principalmente debidas a variaciones en la composición físico-químicas y 

que estas últimas no fueron significativas durante la maduración.  

La textura de los quesos se encontró afectada por las modificaciones en la dieta de las 

ovejas. Se observaron cambios significativos en la firmeza, adhesividad, pegajosidad y 

masticabilidad según la dieta recibida por las ovejas. Los quesos procedentes de la 

ovejas con la ración control y los de la ración con colza tenían una firmeza similar. No 

obstante, la textura menos firme se observó en los quesos procedentes de las ovejas que 

recibieron mejorana y esto se puede asociar a varios factores como el contenido en 

grasa, el contenido en grasa insaturada y el índice cis-9 C18:1/C16:0. Además, existe 

una correlación positiva entre el pH y la firmeza del queso lo que está en concordancia 

con los resultados observados en este estudio. La masticabilidad es el parámetro que 

combina los diferentes atributos de textura para caracterizar un queso. Los quesos 

procedentes de las ovejas que recibieron mejorana en su dieta presentaron el valor más 



Chapter 6                                                                                                                           Resumen 
 
 

194 
 

bajo de masticabilidad con respecto a los quesos procedentes de la ovejas de los 

tratamientos control y con colza, lo que indica que estos quesos necesitan menos fuerza 

de masticación para romperse. 

El análisis sensorial reveló que la modificación de la dieta de las ovejas al incluir colza 

o mejorana no afectó las características organolépticas de los quesos de manera que un 

panel de cata entrenado no fue capaz de diferenciar los quesos elaborados a partir de la 

leche de cada tratamiento alimenticio de las ovejas. 

La capacidad antioxidante de los quesos 

La capacidad antioxidante de los quesos elaborados a partir de la leche obtenida de los 

distintos tratamientos alimenticios (CO, CS y TM) fue determinada en la fracción 

hidrofílica mediante el método TEAC. Las dietas de las ovejas afectaron 

significativamente la capacidad antioxidante de los quesos (P<0.05). El solvente 

utilizado para la extracción y el tiempo de maduración no modificaron los resultados de 

la capacidad antioxidante.  

Por otro lado, la capacidad antioxidante en los quesos fue superior a la capacidad 

antioxidante observada en las leches. Este incremento puede estar asociado a los 

péptidos bioactivos producidos, durante el proceso de fabricación a través de la 

hidrólisis de la caseína de la leche (αs1-, αs2-, β- and κ- caseínas) por las enzimas en 

cuajo (especialmente plasmina) o durante la proteólisis por las enzimas que liberan los 

microorganismos. 

La capacidad antioxidante de los quesos siguió el mismo patrón que la capacidad 

antioxidante en las leches. Con la inclusión de la colza en la dieta, se obtuvo un queso 

con una capacidad antioxidante inferior a la del queso fabricado con la leche control. No 

obstante, el queso fabricado a partir de la leche que provenía de las ovejas que comieron 

mejorana tenía la capacidad antioxidante más alta. Esta diferencia entre quesos puede 

estar asociada al contenido en proteína y caseína de los quesos, a su contenido en 

compuestos fenólicos o los dos factores combinados, al igual que en la leche. 

Caracterización de los yogures 

6.3.3.1.7. Composición físico-química de los yogures 

La composición físico-química de la leche estuvo significativamente afectada por las 

modificaciones efectuadas en la dieta de las ovejas. Las modificaciones observadas en 
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los yogures durante el periodo experimental (inicio, medio y final) siguieron el mismo 

patrón que el ya comentado para la leche. 

Los yogures fabricados a partir de la leche de ovejas alimentadas con colza tenían una 

composición diferente a los yogures control, con un contenido más bajo en grasa, 

proteína y sólidos totales. Los yogures fabricados a partir de una leche con mejorana se 

caracterizaron por tener un contenido bajo en grasa y sólidos totales pero un alto 

contenido en proteína. Las diferencias que se observaron entre las leches se 

mantuvieron en los yogures. Los cambios en los parámetros fisicoquímicos que se 

observaron entre yogures, se asociaron a las dietas a través de las modificaciones 

producidas en las leches. El proceso de transformación de la leche en yogur aumentó el 

contenido de todos los parámetros físico-químicos en el yogur a excepción de la grasa 

en los yogures con mejorana. Esta disminución puede ser debida al hecho que las 

bacterias lácticas pueden consumir grasa para la producción de compuestos aromáticos 

durante la fermentación. 

El pH no varió significativamente entre los yogures procedentes de la leche obtenida 

con distintas raciones (CO, CS y TM); sin embargo, los yogures procedentes de la dieta 

control tenían una acidez total más elevada que los yogures procedentes de los 

tratamientos con colza o con mejorana. Esta diferencia puede estar asociada al 

contenido en sólidos totales que puede influir en la capacidad tampón, y en 

consecuencia, en la producción de ácido, que es acorde con los resultados observado en 

los yogures del tratamiento control, dado que tienen el más alto contenido en sólidos 

totales. Otro factor puede ser la tasa de crecimiento de los micro-organismos y sus 

capacidades para producir más ácido láctico, como en el caso de los yogures 

procedentes del tratamiento con mejorana que tenían el más alto recuento de L. 

bulgaricus, al día 1 de fabricación, lo que permitió que tuviera la misma acidez total que 

los yogures procedente de las ovejas que tenían colza en su ración, a pesar de tener 

menos contenido en sólidos totales.  

6.3.3.1.8. Análisis microbiológicos de los yogures 

El recuento de Streptococcus thermophilus (ST) y de Lactobacillus bulgaricus (LB) en 

los yogures no estuvo afectado por las dietas recibidas por las ovejas (CO, CS y TM). 

No obstante, se observaron diferencias significativas en el recuento L. bulgaricus 
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durante el periodo de almacenamiento (28 días). Esta diferencia no fue significativa en 

el caso de S. thermophilus. 

El hecho de que no haya cambios en el recuento de bacterias lácticas en los yogures 

confirmó que la inclusión de colza o de mejorana en la ración de las ovejas no afectó el 

crecimiento total de las bacterias. Pero un estudio de la evolución del crecimiento de 

estas bacterias durante 28 días de almacenamiento, mostró que sí hubo modificaciones 

en el recuento de L. bulgaricus. 

Independientemente de la dieta, se observó una disminución en el recuento de L. 

bulgaricus durante el periodo de almacenamiento, debido a su alta sensibilidad a las 

bajas temperaturas. No obstante, esta disminución fue únicamente significativa en el 

caso de yogures procedentes de la leche obtenida del tratamiento con mejorana, lo que 

significa que la substitución de 7.5% con mejorana en la dieta de colza, afectó 

significativamente el crecimiento de los L. bulgaricus a los 28 días de fabricación 

6.3.3.1.9. Perfil lipídico de los yogures 

El perfil de ácidos grasos y el perfil de triglicéridos de los yogures estuvieron influidos 

por las modificaciones en la dieta de las ovejas (CO, CS and TM). Las diferencias 

observadas en los yogures fueron asociadas a las diferencias encontradas en la leche, 

dado que la mayoría de los ácidos grasos y triglicéridos en yogures siguieron el mismo 

patrón que se observó en la leche. Este último implica que las razones de estas 

diferencias entre los grupos de yogures fueron las mismas que las descritas para la 

leche. El contenido en ácidos grasos poli-insaturados disminuyó en los yogures del 

tratamiento con colza con respecto a los yogures del grupo control. Sin embargo, la 

reducción en los ácidos grasos saturados no fue significativa, contrariamente a lo que se 

observó en la leche. No obstante, los yogures con mejorana tuvieron un perfil de ácidos 

grasos muy similar al perfil descrito en la leche. 

La única diferencia entre el perfil de la leche y el perfil de los yogures fue con respecto 

al contenido en ácido ruménico cis-9, trans-11 CLA, que aumentó significativamente 

ente leche y yogurt, independientemente de la dieta con la que se alimentó a las ovejas. 

Este incremento puede estar asociado a varios factores durante el proceso de fabricación 

y de fermentación como el tratamiento térmico, los cultivos de bacterias y el 

almacenamiento. 
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6.3.3.1.10. Aspectos organolépticos de los yogures 

La modificación en la dieta de las ovejas dio lugar a diferentes cambios en los aspectos 

organolépticos de los yogures. Se observaron diferencias significativas entre yogures 

con respecto a los parámetros de color (L*, b* y a*). Están diferencias se manifestaron 

también durante el periodo experimental. 

Los yogures elaborados con leche derivada de la dieta con mejorana tenían 

significativamente ¿ más luminosidad y menos color amarillo, en comparación con los 

yogures procedentes de los otros dos tratamientos (CO y CS), debido probablemente al 

menor contenido en grasa. El parámetro a* presentó valores relativamente bajos siendo 

el valor más alto en los yogures con leches derivadas de la dieta control. En general 

existen correlaciones ente los parámetros de color y los parámetros fisicoquímicos como 

en el caso del parámetro b* y el contenido en grasa. Sin embargo, en el caso del 

parámetro a* no se encontraron correlaciones estadísticamente significativas. 

La mayoría de los atributos de textura (firmeza y viscosidad aparente) estuvieron 

influidos por las dietas que recibieron las ovejas, no obstante, las diferencias no fueron 

significativas en el caso de la adhesividad. Los yogures procedente de la dieta de las 

ovejas con colza tenían la textura menos firme y menos viscosa. Los yogures con 

mejorana tenían una textura similar a la de los yogures control (P>0.05). Estas 

diferencias en  textura se asociaron principalmente a la composición fisicoquímica de la 

leche de origen. Los yogures con mayor firmeza y viscosidad tuvieron también el más 

alto contenido en proteína. Esto supone una correlación positiva entre estos dos 

parámetros, debido a que las interacciones entre las micelas de caseína que forman 

agregados afectan la firmeza y hacen que la textura del gel sea más rígida. La firmeza y 

la adhesividad de los yogures disminuyeron durante el periodo experimental. Sin 

embargo, las modificaciones en la viscosidad aparente no fueron significativas. 

En el análisis sensorial no se apreciaron diferencias significativas entre los yogures 

independientemente de la dieta que recibieron las ovejas para producir los diferentes 

tipos de leche. 

6.3.3.1.11. Caracterización de los compuestos fenólicos de los yogures 

La caracterización de los compuestos fenólicos se realizó utilizando la cromatografía 

líquida-espectrometría de masas (LC-MS), un método igualmente utilizado para 
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caracterizar los polifenoles en los extractos de mejorana. El objetivo fue tratar de 

verificar si hubo traspaso de los compuestos fenólicos de la planta a los yogures.  

Comparando los resultados cromatografícos de los extractos de yogures con los 

observados en los extractos de planta, se pudo deducir que los compuestos identificados 

no fueron compuestos fenólicos. Por otro lado, dado que el análisis se hizo en el 

sobrenadante de los yogures, utilizando únicamente la fracción hidrofílica, y basándose 

en el índice masa/carga, se pudo concluir que los compuestos identificados 

correspondieron a péptidos bioactivos o a complejos formados por péptidos y fenoles, 

En general, los compuestos fenólicos aparecen unidos a otros compuestos, como los 

glicosilados, como en el caso de la planta, y pocos estudios investigaron las 

interacciones que hay entre fenoles y proteínas en productos lácteos.  

6.3.3.1.12. Propiedades bioactivas de los yogures 

La evaluación de las propiedades bioactivas de los yogures engloba el análisis de la 

capacidad antioxidante y de la capacidad anti-inflamatoria de los diferentes yogures con 

respecto a la dieta utilzada en la alimentación de las ovejas. 

La capacidad antioxidante se midió en la matriz entera y en el sobrenadante para evaluar 

las diferentes fracciones (hidrofílica y lipofílica). Además, se evaluó el efecto del 

solvente (metanol y agua) utilizado para la extracción de los compuestos fenólicos de 

los extractos de yogures. Estos factores de variación se evaluaron en los diferentes 

yogures (CO, CS y TM). 

La capacidad antioxidante de los yogures medida en el sobrenadante fue 

significativamente mayor que en la matriz entera. Esta diferencia puede estar asociada a 

las interacciones que pueden existir entre los compuestos fenólicos, lipídicos y proteicos 

y que pueden afectar a la capacidad neutralizadora de radicales libres de los poli-

fenoles. 

Las diferencias entre los yogures fabricados a partir de las leches que provienen de las 

ovejas alimentadas con diferentes dietas (CO, CS y TM) fueron significativas (P<0.05). 

Se observó que los yogures del tratamiento con mejorana tenían la más elevada 

capacidad antioxidante en comparación con los yogures del tratamiento con colza. Sin 

embargo, la capacidad antioxidante de los yogures del tratamiento control fue similar al 

valor observado en los yogures con mejorana (P>0.05). Se observó una correlación 

positiva entre los resultados de la capacidad antioxidante y los valores observados para 
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el contenido en ácidos grasos poli-insaturados. No obstante, no se apreció una relación 

significativa entre el contenido en grasa y los valores de la capacidad antioxidante. 

Por otra parte, se observó una correlación positiva entre los resultados de la capacidad 

antioxidante y los resultados del contenido en proteína de los yogures. Por consiguiente, 

fue necesario realizar un estudio más extenso de la fracción hidrofílica para detectar los 

componentes responsables de este incremento en la capacidad antioxidante. Para 

evaluar esta capacidad antioxidante, se utilizaron diferente métodos (ABTS, DPPH y 

ORAC). 

En la fracción hidrofílica y con respecto a la leche, la capacidad antioxidante de los 

yogures fue significativamente superior (P<0.05). Este incremento fue debido a la 

actividad proteolítica de las bacterias lácticas (S. thermophilus y L. bulgaricus) durante 

la fermentación a través del aumento del nivel de compuestos de nitrógenos solubles, 

responsables de la liberación de los amino ácidos y péptidos bioactivos de bajo peso 

molecular. 

En los yogures extraídos con metanol y agua durante el periodo experimental (inicio, 

mitad y final), el efecto de la dieta que recibieron las ovejas fue significativo (P<0.05). 

Se observó un efecto significativo del solvente, con el metanol como mejor solvente, 

independientemente del método utilizado para medir la capacidad antioxidante (ABTS, 

DPPH y ORAC). Las diferencias entre los yogures, según la dieta recibida por las 

ovejas, fueron significativas. Los yogures del tratamiento con mejorana tuvieron la más 

alta capacidad antioxidante, independientemente del método de extracción utilizado. Sin 

embrago, las diferencias ente los yogures del tratamiento control y los yogures del 

tratamiento con colza variaron. Utilizando el ABTS y el ORAC, se observó una alta 

capacidad antioxidante en los yogures del grupo control con respecto a los yogures del 

tratamiento con colza pero cuando se utilizó el método DPPH no se encontraron 

diferencias significativas (P>0.05). La diferencia en los resultados puede ser debida a 

que los método ABTS y ORAC fueron más específicos con las fracciones hidrofílicas 

que el método DPPH. Las modificaciones en la capacidad antioxidantes de los yogures 

durante el periodo experimental fueron significativas pero las respuestas variaron de un 

método a otro sobre todo para los yogures de los tratamientos control y con colza. No 

obstante, los yogures del tratamiento con mejorana, independientemente del método 

utilizado tenían siempre el valor más elevado al final del periodo experimental. Las 
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diferencias observadas en los resultados, según el método utilizado, fueron previstas 

dado que cada ensayo refleja únicamente la reactividad química bajo las específicas 

condiciones aplicadas durante el ensayo.  

Por otro lado, se observó una correlación significativa entre los valores medidos con el 

método DPPH y los resultados evaluados con el método ABTS. Sin embargo, no se 

pudo determinar la correlación entre estos métodos y el método ORAC debido a que 

utiliza otra unidad de medida. 

Debido a estas razones fue imprescindible la utilización de un índice adimensional 

(RACI) que combina los resultados evaluados con los diferentes métodos.  

Se observó que los resultados de los tres métodos estuvieron en concordancia con los 

valores del RACI. Los yogures obtenidos del tratamiento con mejorana tenían la más 

alta capacidad antioxidante, seguidos por los yogures del grupo control y finalmente por 

los yogures del tratamiento con colza. Comparando los yogures de los tratamientos 

control y con colza, estas diferencias pueden ser debidas al alto contenido en proteínas 

de los yogures del grupo control y por tanto a la alta concentración en péptidos 

bioactivos. Sin embargo, comparando los yogures del tratamiento con mejorana y los 

yogures del grupo control, la diferencia se pudo asociar también a los compuestos 

fenólicos presentes en los yogures debido a la inclusión de la mejorana en la dieta de las 

ovejas.  

Se observó también que entre yogures del grupo control y yogures con mejorana no se 

encontraron diferencias significativas en el contenido en proteína. Basándose en estas 

observaciones, se pudo suponer que estas diferencias en la capacidad antioxidante 

fueron probablemente debidas a los compuestos fenólicos presentes en los yogures. Sin 

embargo, visto que no se identificaron compuestos fenólicos en el cromatograma de los 

extractos de yogures provenientes del tratamiento con mejorana y que los picos 

correspondieron a péptidos bioactivos o a complejos de péptidos y fenoles, este 

incremento en la capacidad antioxidante se pudo asociar a la combinación entre todos 

estos compuestos. 

La capacidad anti-inflamatoria se midió con el método SSAO únicamente en la fracción 

hidrofílica, extraída con metanol en los yogures fabricados al final del periodo 

experimental debido a que tuvieron la mayor capacidad antioxidante. 
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Se observó que los yogures elaborados a partir de la leche procedente del tratamiento 

con mejorana tuvieron la más alta capacidad antioxidante con respecto a los demás 

yogures (P<0.05). Esta alta capacidad anti-inflamatoria supone que los compuestos 

antioxidantes actuaron como compuestos anti-inflamatorios e inhibieron la amino 

oxidasa sensible al semicarbazide (SSAO). Se observó una correlación significativa 

entre la actividad inhibitoria de la SSAO y los resultados de la capacidad antioxidante 

medida con los diferentes métodos (DPPH, ABTS y ORAC). 
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7. Conclusiones 

 La planta entera de Thymus mastichina, de origen silvestre, mostró una alta 

capacidad antioxidante y anti-inflamatoria, como consecuencia del alto contenido en 

fenoles totales de la planta, especialmente flavonoides, mayoritariamente luteolina y 

quercetina.  

 La inclusión de semilla de colza (2.85%) en la dieta de las ovejas secas no afectó ni 

a la ingestión ni a la digestibilidad de los nutrientes ni al balance de nitrógeno. La 

incorporación de planta entera de mejorana (7.5%) en la dieta con colza de las 

ovejas dio lugar a un incremento en la digestibilidad de la grasa total de la ración.  

 La producción de leche de las ovejas en lactación no se vio afectada de manera 

significativa por el aporte de colza o mejorana en las raciones. La ingestión de 

materia seca fue significativamente menor en las raciones que incorporaron colza y 

menos aún con mejorana. 

 La incorporación de colza y mejorana en la ración de las ovejas en lactación dio 

lugar a una reducción en el contenido en grasa, sólidos totales y ácidos grasos 

saturados de la leche. Ambas dietas incrementaron el contenido en CLA de la leche 

en comparación con la dieta control, siendo más marcado el aumento con la 

mejorana. El contenido en proteína, caseína, ácidos grasos poli-insaturados y 

fosfatidiletanolamina de la leche fue mayor cuando las ovejas recibieron mejorana 

en la ración.  

 La leche producida a partir de las ovejas que recibieron la dieta con mejorana 

mostró una capacidad antioxidante más alta que las otras leches. 

 Los quesos fabricados a partir de la leche de las ovejas alimentadas con la dieta con 

colza mostraron un contenido más bajo en proteína en comparación con los otros 

quesos.  La utilización de la dieta con mejorana aumentó el contenido en proteína y 

disminuyó el contenido en grasa y en sólidos totales. El perfil lipídico de los quesos 

procedentes de leche de las ovejas que recibieron ambas dietas fue similar al perfil 

lipídico de la leche. 

 La dieta con colza aumentó la adhesividad de los quesos. La dieta con mejorana 

disminuyó la dureza de los quesos, que mostraron un color amarillo menos intenso. 

La utilización de ambas dietas no afectó a las características sensoriales de los 

quesos. 

http://www.wordreference.com/es/en/translation.asp?spen=mayoritariamente
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 La capacidad antioxidante de los quesos fue más alta que la de la leche. Los quesos 

fabricados a partir de la leche de las ovejas que recibieron la dieta con mejorana 

mostraron una capacidad antioxidante más alta que los demás quesos. 

 Los yogures fabricados a partir de la leche de las ovejas que recibieron colza y 

mejorana en su dieta mostraron un contenido menor en grasa y sólidos totales. La 

leche procedente de las ovejas que consumieron mejorana incrementó el contenido 

en proteína de los yogures. El perfil lipídico de los yogures fue similar al perfil 

lipídico de la leche y los quesos. Además, el contenido en CLA aumentó durante la 

fermentación. 

 La firmeza y la viscosidad de los yogures fue menor cuando se utilizó colza en la 

dieta de las ovejas y aumentaron con la dieta con mejorana, sin que hubiera cambios 

en las propiedades sensoriales. Los yogures procedentes de leche de ovejas 

alimentadas con mejorana mostraron más luminosidad. 

 La capacidad antioxidante de los yogures fue dos veces más ata que la capacidad 

antioxidante de la leche. La utilización de la dieta con mejorana incrementó la 

capacidad antioxidante y anti-inflamatoria de los yogures en comparación con la 

dieta con colza y la dieta control. 

Como conclusión final, la presente tesis demuestra que la combinación entre la semilla 

de colza y la planta de mejorana en la dieta de las ovejas no afecta la producción de 

leche e induce la producción de leche y productos derivados con una perfil lipídico más 

saludable y una mayor capacidad antioxidante y anti-inflamatoria. 
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