Cien. Inv. Agr. 36(3):307-328. 2009
www.rcia.puc.cl
LITERATURE REVIEW

Differentiation of sheep milk and cheese based on quality and
composition
Raúl R. Vera, Claudio Aguilar, and Rodrigo Lira
Departamento de Ciencias Animales, Facultad de Agronomía e Ingeniería Forestal, Pontificia Universidad
Católica, Casilla 6177, Santiago, Chile

Abstract
R.R. Vera, C. Aguilar, and R. Lira. 2009. Differentiation of sheep milk and cheese based on
their quality and composition. Cienc. Inv. Agr. 36(3):307-328. Traditional sheep production
for meat and wool for meat and wool among small and medium-sized Chilean farmers has
low profitability. Therefore, there is interest in producing value-added, differentiated products.
One alternative is the production of sheep milk and cheese. This article analyzes and discusses
existing alternatives for modifying milk and cheese compositions with the aim of differentiating
these products. Also, analytical techniques that allow the chemical characterization of milk and
cheese are briefly mentioned. The main international thrusts are focused on the modification of
the content and composition of milk fatty acids and on the identification of volatile compounds,
terpenes, polyphenols and other analytes that allow differentiation of cheese types on the basis
of aroma, taste and flavor and that would help in ensuring traceability.
Key words: Cheese, differentiation, flavor, milk composition sheep value-added.

Introduction
The profitability of traditional sheep production
for meat and wool among small and mediumsized producers in the Central Region of Chile
is low (Aguilar, unpublished report); therefore,
there is interest in diversifying production and
finding alternatives offering a higher added value. One possibility is quality milk and cheese
production. The objective of this review is to
carry out a critical analysis of the scientific literature and to determine what factors contribute to the differentiation of these products. For
that purpose, the current state of knowledge on
sheep milk production in Chile is analyzed, and
its composition and the possible effects on human health are discussed, followed by a review
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of the international literature regarding existing
alternatives for modifying milk composition by
alterations of animal diet.
Sheep milk in Chile
The feasibility of sheep milk production in Chile
was analyzed at an international seminar in 1998
organized by the Instituto de Investigaciones
Agropecuarias (INIA) with the sponsorship of
the Fundación de Innovación Agraria (FIA),
Fondo de Desarrollo e Innovación FDI and Intendencia Regional de Aysén (Hepp, 1998),
where background information on milk production in Magallanes, in the Chacabuco Valley, and
in the Simpson Valley was presented. Kusanovic
(1998) reviewed sheep milk production in Corriedale sheep and Corriedale x Milchschaf crosses (Kusanovic, 1998) in Magallanes. The former
produced 498 g daily, with a total lactation of
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29 L, while the crossbred ewes produced 853 g
daily with 70 L per lactation. The fat contents
were 6.4 and 4.5% respectively, while the ratios
of milk volume to cheese weight were 5.3 and
6.2, respectively. The maturation times of the
cheeses were 2-4 months, and the least mature
cheeses were better accepted by untrained tasters. The same genotypes mentioned before were
tested in the Valley de Chacabuco, Aysén (Hervé
and Vidal, 1998) with milk productions slightly
higher than in the previous case, but showing the
same tendencies, although the results were not
directly comparable due to management differences. In INIA, Tamel Aike (Hepp, 1998) several breed groups were compared under grazing
conditions, supplemented daily with 100 g of
oats, with the following results in total and daily
milk production, respectively: Corriedale, 5.6 L
and 0.381 L; Border Leicester, 46.7 and 0.397;
Milchschaf, 120 and 1.076; Border x Corriedale,
59 and 0.403; Dorset x Corriedale, 61 and 0.466;
and Suffolk x Corriedale 113.5 and 0.709.
In the Central-South zone of Chile (Cauquenes),
Avendaño et al. (2002) compared 50% Milchschaf sheep with Suffolk animals and local
sheep, the latter with a predominance of blackface sheep, that were grazed on sown pastures
and supplemented with alfalfa hay and concentrates. The total milk volumes produced by these
breeds were 140, 104 and 125 L per animal in
181, 176 and 175 days of milking respectively,
corresponding to mean daily productions of 773,
589 and 706 mL. The mean fat contents were
6.18, 6.71 and 6.63%, respectively. From these
reports, as well as others quoted by Avendaño
et al. (2002), it may be inferred that significant
productions of sheep milk and cheese are possible in different regions of Chile, depending on
the animal genotype and feeding.

Dairy products and human health
There is a strong relation between the consumption of animal products, their composition and the incidence of chronic diseases in
humans, although it has been difficult to establish causal relations among these factors
(Lucas et al., 2005). There is epidemiological
evidence positively correlating the incidence of
cardiovascular diseases and lipid consumption,
in particular cholesterol and fatty acids. Saturated fatty acids represent 58 to 82% of total
milk lipids, and they have been associated with
hypercholesterolemia and increased levels of
low-density lipoproteins (LDL), particularly in
the case of palmitic, myristic and lauric acids
(Pacheco et al., 2006). On the other hand, dietary mono- and poly-unsaturated acids would
reduce those risks, increasing high-density lipoproteins, HDL (Huth et al., 2006). Other aspects of dairy products that may contribute to
modifying the risks of chronic diseases relate
to the incidence of osteoporosis and some types
of cancer (Lucas et al., 2005). De Renobales
et al. (2008) have discussed in detail the lipid
compositions of milk and cheeses in relation to
human health.
Regardless of these facts, it must be acknowledged that animal products have a lipid profile
different from that currently recommended for
humans (Durand et al., 2005) (Table 1), but,
fortunately, the composition in terms of these
groups of fatty acids as well as from specific
fatty acids is plastic and may be modified by
altering the animal diet (Chilliard et al., 2000).
For example, the concentration of rumenic acid
(C18:2, cis-9, trans-11; one of the conjugated
linoleic acids or CLA) may vary by more than
300%.

Table 1. Recommended fatty acid composition of the human diet compared
with the composition of cow milk and beef.
Fatty acids

Cow milk

Beef

Saturated, %

25

70

50

Monounsaturated, %

60

25

44

Polyunsaturated, %

15

5

6

Source: Durand et al. (2005).

Recommendation
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Quality of animal products
The concept of quality has been defined in different ways, varying widely among countries.
For example, in Northern Europe it is associated with the fulfillment of sanitary standards
and other regulations, while the concept is
much wider in Southern Europe, including
considerations related to sensorial properties,
the region of origin, the production system and
the producer groups or human societies as well
as considerations of animal welfare. However,
there is a tendency in most of the world to discriminate products according to known nutritional features, such as the content of saturated
lipids, cholesterol, different micronutrients and
compounds considered to be “nutraceutical”
(Hocquette et al., 2005). It is noteworthy that
the concept is dynamic and subject to continuous gradual changes according to the evolving
perceptions of the consumers and the influence
of official regulations as well as the growing
body of nutritional knowledge and the influence
of diverse pressure groups.
Differentiated sheep products
In Chile, most small sheep producers have limited access to modern technology; they merely
sell undifferentiated products with low added
value, such as meat and wool. The opportunity
to intensify the production of these systems by
traditional means is limited and with low private
profitability, but with high social profitability in
the case of product differentiation (Aguilar, unpublished report).
Regarding the development of differentiated
and functional products, it has been shown that
it is possible to produce lambs with an altered
lipid profile improved for human health over
traditional products, with better atherogenic and
thrombogenic indices than average ruminant
meats, by the inclusion of byproducts of olive
oil extraction (olive oil pomace or “alpeorujo”)
in their diet. This would involve a qualitative
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and quantitative change for the existing production systems (Aguilar et al., 2008; Vera et al.,
2008). These results may be applicable to milk
production as well, since the mammary gland of
ruminants only synthesizes fatty acids of up to
16 carbons long, with the remainder originating
from body fat mobilization and dietary sources
modified by rumen fermentation. In addition, the
studies carried out in the U.S.A., New Zealand
and in Mediterranean Europe have clearly shown
that directly grazed forage increases the content
of polyunsaturated fatty acids, improves the
omega-6/omega-3 ratio and increases the content
of conjugated linoleic acid (CLA) in meat and
milk (Palmquist, 2006; Schroeder, 2004).
Composition and yield of sheep milk
The average composition of sheep milk includes
7.1% fat, 5.7% protein, 4.8% lactose, 9% ash and
11.5% non-fatty solids (Treacher et al., 2002).
Fat and protein contents are high in early lactation, decrease during the lactation peak and
then increase again as the milk yield diminishes. Lactose content shows little variation, as its
synthesis determines the rate of daily milk production, but the negative relation between yield
and fat and protein contents holds generally,
regardless of whether milk yield is a result of
genetics, variation among individuals or selection processes (Bencini et al., 1997; Treacher et
al., 2002; Bencini et al., 2003). These variations
imply that the milk energy content may vary between 3.8 and 5.5 MJּ kg-1. The relation between
milk energy (E, MJּ kg-1), milk fat content (F,
gּ kg-1) and lactation days (D), calculated for 92
records of milk production from Merino (7.2%
fat) and Border Leicester (10.5% fat) sheep, was
reported to be as follows(Brett et al., Treacher
et al., 2002):
E = 0.0328 F + 0.0025 D + 2.20, RSD = 0.14
Milk fat consists mainly of triglycerides (> 95%
of the total fat in bovine milk; Jensen, 2000)
composed mainly of monounsaturated fatty
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acids with 14-18 carbons, followed by a minority (22%) of fatty acids with four to ten carbons
(Treacher, 2002). These short-chain fatty acids
(butyric and caproic) are found only in milk, not
in any other ruminant tissues, and are esterified
almost exclusively at the third carbon of the
glycerol molecule (Lundén et al., 2005). Table
2 compares the fatty acid compositions of sheep
milk and those of other species. Milk fat includes a large amount of fatty acids in amounts
smaller than 1% of the total, and Jensen (2000)
lists over 400 fatty acids found in bovine milk.
Nevertheless, only 20 to 30 fatty acids are currently considered to be of nutritional significance. Free fatty acids (<1% of the total), and
fatty acids released by lipases from different
origins, are extremely important in determining
cheese flavor (Jensen, 2000; McSweeney and
Sousa, 2000). Determination of free fatty acids
requires specific methods of extraction and derivatization (Yurawecz et al., 1999; Ostrowska
et al., 2000; Pinho et al., 2002).

Casein is the main protein in milk, present in
several isoforms, all of which have high proline
contents and are found in complexes with Ca and
P. In addition, milk proteins include beta-lacto
globulin and alpha-lacto albumin, with traces of
immunoglobulins (Treacher et al., 2002).
Milk fat is partly synthesized in the mammary
gland, in particular fatty acids up to 16 carbons
long, while longer-chain fatty acids arise from
mobilized adipose tissue, the diet and from rumen metabolism. The contribution of these different sources is influenced by the energy balance of the animal, lactation status and nutrient
balance. On average, the proportions provided
in milk cows by these three sources to the total
fatty acid content is estimated to be in the ratio
of 1:0.2:0.9 (Walker et al., 2004). Conversely,
lactose and proteins are synthesized entirely
in the udder from glucose and glycerol in the
first case, and blood amino acids in the case of
proteins.

Table 2. Fatty acid compositions of milks of different origins.
Fatty acids1, %
Ewe

Goat

Cattle

Human

C4:0

3.17

3.63

3.61

0.25

C6:0

2.22

2.51

1.97

0.25

C8:0

2.22

2.79

1.31

0.25

C10:0

6.35

7.26

2.62

1.27

C12:0

3.81

3.35

2.95

6.33

C14:0

10.48

8.94

11.15

7.85

C16:0

25.71

25.42

28.85

23.29

C18:0

14.29

12.29

13.11

7.34

C16:1

2.06

2.23

2.62

3.29

C18:1

24.76

27.37

27.54

37.47

C18:2

2.86

3.07

2.62

9.37

C18:3

2.06

1.12

1.64

1.27

C20:4

0.76

C20:1

1.01

Each value is the % of the total fatty acids
Source: Haenlein (2000).

1

The variation in milk yield between breeds is
large. In meat breeds selected for lamb production, the maximum daily yield is 2-4 kg·day-1,
with total yields of 150-200 kg over lactations of
three months in twinning sheep, and 90-160 kg

in ewes with a single lamb. In small breeds and
in wool breeds, e.g., Merino, the expected yields
are lower. Variation is higher in dairy breeds,
particularly when they are subject to selection;
for example, in East Friesland and Assaf, yields
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of 600-1,000 kg in much more extended lactations are possible, while Mediterranean breeds
such as Lacaune, Manchega, Churra, Latxa,
Manech and Sarda produce 150-250 kg of milk
during 200 days of milking after suckling a
lamb for one month (Treacher et al., 2002).
In sheep milk production systems, the beginning of milking at 30 days of lactation results
in a marked fall of milk yield, which oscillates
between 29 and 55%, depending on previous
management of the suckling period (restricted
versus non-restricted respectively; Labussiere
et al., 1969). However, when the available forages are of lower quality, maximum voluntary
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consumption occurs later (at 3-4 months from
parturition), and the milk yield is certainly also
lower without supplementation, although the lactation peak continues to occur at approximately
30 days. On Lolium perenne-based pastures,
milk production and forage intake peak when
the pastures are maintained at 5-12 cm high (3
cm generally represents 1,000 kg MSּ ha-1; Freer
et al., 2002) and forage intake is maximized at
four weeks of lactation (Treacher et al., 2002).
Transformation of milk into cheese involves
different fermentative processes that use the
macronutrients present in milk as substrates.
Table 3 shows these relations.

Table 3. Chemical compounds responsible for the flavor of Cheddar cheese and their relationship to
substrates found in milk.
Compound

Compound

Compound

Casein

Fat

Lactose and citric acid

Peptides

Fatty acids

Lactate

Amino acids

Keto acids

Pyruvate

Acetic acid

Methyl ketones

CO2

Ammonia

Lactones

Diacetyl

Pyruvate

Acetoin

Aldehydes

2,3-butanediol

Carboxylic acids

Acetaldehyde

Sulfur compounds

Acetic acid
Ethanol

Source: Singh et al. (2003).

Variations in milk composition

The influence of nutrition on ruminant milk
composition has been of interest for many years,
and it has been the subject of extensive and detailed reviews in the literature (Alderman et al.,
1997; Demeyer et al., 1999). The refinement of
the analytic techniques and the growing interest
in micronutrients, nutraceutical and functional
foods and similar products led to continuous advances in these subjects (Chilliard et al., 2000),
which are briefly summarized below.
The main source of nutrients for sheep is, in general, the forage directly grazed, and grains and
concentrates to a much lesser degree. From the
point of view of sheep milk composition, lipid
content is particularly important among ma-

cronutrients. In general, forages contain 3-4%
of lipids composed of a mixture of mono and
digalacto-1,2-diglycerides, along with waxes,
pigments and cutin, while triglycerides are predominant in grains. Both have C18 polyunsaturated fatty acids, but linolenic acid is predominant in forage galactolipids and linoleic acid in
grains. Comparative studies have shown considerable variation in the profile of fatty acids
across grass species and among cultivars within
species (Dewhurst et al., 2001).
Enzymatic activity in the rumen saturates 85100% of the linolenic acid and 70-95% of the
linoleic acid. Linoleic acid gives rise to C18:2,
cis-9, trans-11 (rumenic acid, one of the CLA
isomers) via isomerization, a small proportion
of which escapes the rumen, and the rest is saturated into stearic acid (Annison et al., 2002).
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Conjugated linoleic acids (CLA) constitute a
group of geometric and positional isomers of
C18:2 linoleic acid, 28 of which may potentially
exist (see for example, Jensen, 2000). The main
CLA is rumenic acid, while trans-10, cis-12
acid has also raised interest due to its ability to
inhibiting triglyceride synthesis in experimental models.
Oleic acid is the most abundant mono-unsaturated fatty acid in milk (approximately 8 g·L-1 in
cow milk, or 25% of the total fat), so that milk
and dairy products represent the main source
of that acid for human diets in many countries
(Haug et al., 2007). Oleic acid may contribute to
decreased plasma cholesterol and triglycerides
(Kris-Etherton et al., 1999). With regard to oxidative processes in the human body, oleic acid is

more resistant to oxidation than omega-3 and -6
fatty acids. The studies carried out have shown
that a diet with a high mono/polyunsaturated ratio provides better protection against heart diseases than a diet rich in polyunsaturates alone
(De Lorgeril et al., 1994; Nicolosi, 2004).
Dietary micronutrients also affect milk composition significantly. Lucas et al. (2005) compared milk composition produced by cows
grazing spring pastures in France with the milk
produced based on concentrates or hay, and reported significant differences in several important micronutrients for human health, as shown
in Table 4. In addition, several of the chemicals
found in milk may potentially alter the rheological properties of cheese, as well as its appearance and flavor (McSweeney and Sousa, 2000).

Table 4. Selected micro-nutrients found in cow milk produced associated with concentrate versus hay-based diets
(numbers are percentages relative to grazing)
Micro-nutrient

Concentrate diet, %1

Hay diet, %1

Vitamin A

85

Beta-carotene

63

47

Vitamin E

73

75

124

117

Saturated fatty acids
Monounsaturated fatty acids

65

54

63

Polyunsaturated fatty acids, n6

163

100

Polyunsaturated fatty acids, n3

36

100
38

Vaccenic acid, C18:1 trans-11

19

Conjugated linoleic acid (CLA)

24

41

Phenolic compounds

22

41

Source: Lucas et al. (2005).
1

Number are percentages relative to grazing.

The variations shown in Table 4 clearly suggest
that the nutritional properties of dairy products
may be altered by manipulating the feeding
strategy. For example, the 24% increase in saturated fatty acids (undesirable from the point of
view of human health) and the 80% decrease in
CLA found with the concentrate diet constitute
large and nutritionally significant changes. Another striking aspect is that several components
of nutritional interest may change in parallel.
For example, the increase of polyunsaturated
fatty acids in the grazing diet is closely accompanied by antioxidant elements such as vitamin
E, carotenes, and polyphenols, while, on the

contrary, the increase of saturated fatty acids in
the diet with concentrates and hay was accompanied by a decrease in trans- fatty acids, such
as vaccenic acid, a precursor of CLA.
Forages have high concentrations of polyphenols
in relation to other feeds. Bioavailable polyphenols include flavonoids and other hydrolyzable
polyphenols (a fraction of the tannins and phenols that are present in the plant cell wall; Besle
et al., 2005). INRA (France) researchers have
studied the extent to which these compounds
are transferred to bovine milk since they may
be used to discriminate among milks by origin,
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with implications for the traceability of dairy
products. With that purpose, they compared
six different diets, including a diet rich in concentrates, and diets based on maize and Lolium
silage, Lolium hay, and hay and forage from native pastures in the Alps. Simple polyphenols
and flavonoids, extracted with a water:ethanol
solution, were emphasized. The concentrations
found varied between 0.8 and 8 gּ kg-1 MS, with
maximum values found in the native pastures;
the consumptions of those compounds varied
between 35 and 148 g daily. A total of 54 simple
polyphenols were identified in the various milks
by High Pressure Liquid Chromatography
(HPLC), at levels of 4-10.8 gּ L-1 milk, where the
extremes correspond to concentrates and pastures respectively, but fewer than ten of these
were useful in differentiating the diets, as most
of the rest were probably degradation products
from the consumed polyphenols. In principle
these degradation products could also be used
as tracing elements of the diet.
The nutritional properties mentioned above
are also altered by processing milk into butter,
cheese and other dairy products. In addition, the
composition varies strikingly with the type of
cheese (Lucas et al., 2005). As an example, a
Gruyere cheese has approximately 50% higher
lipid content than a Camembert cheese. These
processes also influence the content of vitamin
B and several minerals; vitamins are influenced
by water solubility, and minerals are influenced
because they can also be solubilized and mixed
in serum, depending on the degree of acidification during milk fermentation.
Modifications of milk composition
It is likely that the incorporation of diet components into milk is more dynamic than into meat
since milk quickly acquires attributes from the
feed consumed by the animal (Sanz Sampelayo,
2007; Scintu, 2007; Walker, et al., 2004), which
may provide “typicity” features. Those features have been demonstrated, among others,
for cheeses such as the Greek Feta (Zlatanos,
2002), the Fontina Valle d’Aosta (Berard, 2007)
and the Idiazabal of the Basque Country (Larráyoz et al., 1999; Barron et al., 2005b).
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On the other hand, further information on the
possible effects of the physical-chemical modifications of milk originated by feeding strategies on the rheological properties of the resulting cheeses is required. So far, the studies
available regarding the effects of pasture management and supplementation with sources of
conjugated linoleic and mono-unsaturated acids
have shown positive effects on those properties
(Buchin et al., 1999; Foegeding et al., 2007;
Park et al., 2007), but this topic is still under
investigation.
Studies in New Zealand have shown that some
forages, such as Lotus corniculatus, transfer
polyphenols to grazing sheep, with diverse beneficial attributes based on their anti-oxidant effects, control of helminths and increased ewe
fertility (Barry et al., 2001, Ramírez Restrepo
et al., 2005). However, studies on the effect
of L. corniculatus on milk properties have not
been published, although a recent study of compounds affecting the flavor of lamb meat has
not demonstrated negative effects; on the contrary, it provides some evidence in favor of the
decrease of compounds such as skatole and indole associated with the undesirable ram smell
(Schreurs et al., 2007).
Other forage species may have comparable features. Studies conducted in the Mediterranean
region (Addis et al., 2005; Cabiddu et al., 2005;
Ramalho Ribeiro et al., 2006) have shown that
some species, in particular some dicotyledons,
have secondary metabolites that are transmitted to animal products, giving differentiating
organoleptic features. If these findings were applicable to the Mediterranean climatic region of
Chile, there would be an additional economic
stimulus to improve the forage resources of the
region (Ovalle and Squella, 1996), fostering and
adding value to those natural resources and,
at the same time, leading to the elaboration of
clearly differentiated animal products.
Supplementation of dairy sheep with lipids
The energy requirements of early lactation in
the cow, ewe and goat are very high and may
not be satisfied by voluntary consumption of
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conventional diets. Therefore, the effect of
supplementation with lipids has been studied
to increase the energy density of feeds. Conventional diets of ruminants habitually contain less than 3.5% of ether extract (EE), and
between 20 and 50% of that fraction are compounds other than fatty acids, including products such as waxes, pigments like chlorophyll,
and other non-saponifiable compounds (Sukhija
and Palmquist, 1988). Fat addition to diet affects
dry matter intake, which generally diminishes
if fat content is higher than 6%; the reasons for
this are not clear and have been the subject of
numerous hypotheses, including the idea that it
may modify the molar relations of volatile fatty
acids in rumen, in addition to affecting the microbial population of rumen. Therefore, when
fat supplements have been added, fatty acids
have been saponified to calcium soaps, so that
they escape ruminal fermentation.
Supplementation with unprotected lipids (for example, vegetable oils) to increase the content of
EE to 5.7%-6.0% has resulted in some cases in a
decrease of butirometric fat, while in other cases fat content was unaltered with a concomitant
increase of milk yield. In any case, the changes
induced by supplementation in sheep seem to be
lower than in cows, and the authors concluded
that more information on the use of unprotected
lipids in dairy sheep is still required.
Calcium soaps of fatty acids have been used in
dairy sheep. Mele et al. (2004) have reviewed
the existing literature, and point out that references on this type of supplementation in sheep
are limited, compared with the results in cows,
with exception of the use of calcium soaps of
palm oil (a somewhat undesirable oil, due to its
high content of palmitic acid). Supplementation
with calcium soaps for dairy ewes has provided
consistent results, increasing milk yields and
milk fat percentage. For example, the inclusion
of 5-7% of calcium soap of olive oil increased
fat yield 5-8%, without affecting the milk yield
(Mele et al., 2004), and increased the C18:1 content, although whether the increase was oleic
acid or other C18:1 isomers was not determined.
In vitro studies have shown increases of these
isomers (Mosley et al., 2002), and analyses of
cheeses have reported very significant increases

of vaccenic acid (de Renobales et al., 2008). In
fact, sheep milk in particular, has a very high
content of vaccenic acid (Cabiddu et al., 2005).
Supplementation with different vegetable oils
has also been tested to increase milk CLA content. Luna et al. (2008) supplemented goat diets
with 0.81 or 1.84% of sunflower oil or linseed
oil respectively over a period of three months.
The alpha-linolenic acid content of milk in the
control diet was 0.35%, which increased to
0.62% with supplementation, and the total CLA
rose from 0.46 to 1.18%, with the vaccenic acid
increased from 1.38 to 4.05%. The increase in
this acid was positively correlated with the increase of rumenic acid, while changes in other
isomers were small. Similarly, Gomez-Cortes et
al. (2008) supplemented a dairy sheep diet with
soybean oil and observed that the total CLA
content increased from 1.04 to 3.44 g/100 g of
total fatty acids, while vaccenic acid increased
from 2.08 to 6.2 g 100g-1; however, 18:1 transfatty acids also increased. Supplementation
did not affect milk yield or fat content. It has
also been verified that a CLA increase in milk
and cheese may be associated with significant
but modest and acceptable flavor modifications
(Sinclair et al., 2007).
It should be noted that the separation of the CLA
isomers is tedious and may not be achieved
with a single analytical technique (Luna et al.,
2005b), although in some circumstances, relatively fast identification of important isomers is
feasible (Moltó-Puigmartí et al., 2007).
Milk production and differentiated sheep
cheese from forages and other feeds
As indicated before, it is feasible to alter milk
composition, but not the protein content or its
composition, except in extreme feeding conditions. Many of these possible modifications are
harnessed in lamb, calf, milk and cheese production with “typicity” features, which have
led to denominations of origin and other forms
of protection of the respective products (Scintu
et al., 2007). Many of these differentiating features are associated with the fatty acid profiles
induced by different feeds, including polyun-
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saturated fatty acids, uneven-chain fatty acids
and branched-chain fatty acids (Vlaeminck et
al., 2006). Thus far, special emphasis has been
placed on reducing intermediate-chain fatty
acids (C10 a C16), and increasing oleic acid to
reduce cardiovascular risks as well as augmenting vaccenic acid and rumenic acid due to the
demonstrated anticarcinogenic effect of the latter two in experimental animals (Dewhurst et
al., 2006). Supplements based on marine, vegetable and oils protected as soaps have been
used for that purpose, while the composition
and potential contribution of forages that generally constitute the feeding base has received less
attention (Dewhurst et al., 2006).
Bu et al. (2007) compared soybean oil, linseed
oil or a mixture of both (4% of the total diet) as
a supplement for dairy cows and demonstrated
that the contents of vaccenic acid in the milk
were increased by 318, 105 and 206% respectively, compared to the control diet, while CLA
was increased 273, 150, and 183%, respectively,
clearly indicating that the supply of some polyunsaturated acids can increase the content of
desirable fatty acids in cow milk.
In contrast with routine analyses of total fat,
protein and lactose, methods for the detailed
analysis of milks and cheeses, particularly the
latter, are very demanding given the complex
matrix presented by cheese, requiring sophisticated equipment such as gas chromatography
with mass spectrometry (GC/MS) if the aim is
to identify minor chemical compounds that contribute to product differentiation. These methods have been discussed in detail by Singh et
al. (2003) for the case of Cheddar cheese, but
the considerations made are applicable to other
cheeses as well (see for example Kirk et al.,
2006). GC/MS allows the precise identification
of unknown compounds when the instrument
output in terms of mass and mass/charge relation is compared with international databases.
In fact, this methodology is considered the most
important among the analytical methods available (Rubinson and Rubinson, 2000). In applications of this nature, Singh et al. (2003) gave
a long list of secondary products, many of them
volatile, originating during cheese fermentation
from proteolysis, lipolysis and fermentation of
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carbohydrates and organic acids (for example
citric acid), which indicates the complexity of
the processes involved and the variety of final
products, to the extent that, so far, the synthetic
reproduction of all the organoleptic features of
cheese has been impossible. Furthermore, if the
identity of the differentiating chemical compounds is known, and pure standards are available, they can be quantified by analysis of headspace with gas chromatography equipped with
an FID detector or by solid phase microextraction (SPME) and/or other techniques (Stephan
et al., 2000).
Volatile compounds are numerous in cheese,
but only a small fraction of these are responsible for flavors (Pinho et al., 2002; McSweeney
and Sousa, 2000; Sablé and Cottenceau, 1999).
Cheese made from raw sheep milk has a marked
and distinctive flavor due to its high fat content,
which is associated mainly with free short- and
medium-chain fatty acids, which are abundant
as result of lipase activities of animal origin as
well as of microorganisms. Each of these fatty
acids has a particular smell. Long-chain fatty
acids (>12 C), although abundant in cheese,
make a small contribution to cheese flavors.
In general, important chemical and organoleptic differences between different cheeses have
been found, even within the same type of cheese
produced in different environmental conditions.
These differences are generally associated with
the content and composition of free fatty acids,
particularly short-chain fatty acids (Poveda et
al., 2006). Another important differentiating
element is the type of rennet used, which may
alter markedly cheese flavor by modifying numerous chemical parameters, including the content and type of free fatty acids (Larráyoz et al.,
1999; Virto et al., 2003).
The number of experiments reported in literature on the effect of forages on the organoleptic
and physical-chemical features of sheep milk
and cheese is limited beyond the classical determinations of fat content, protein and total solids,
which are not differentiating elements of those
animal products. Two experiments have been
carried out in Italy with Sarda dairy sheep offered four Mediterranean forage species in two
stages: in winter coinciding with early lactation
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and forages in vegetative status, versus spring,
when the same forages initiated their reproductive phase, and with ewes in mid-lactation (Addis et al., 2005). The forage species were Lolium
rigidum, Hedysarum coronarium, Medicago
polymorpha and Chrysanthenum coronarium,
and the main interest of the researchers was
to determine the effect of forages on the CLA
content of milk and cheese, and the content of
omega-3 and omega-6 acids in forages, milk
and cheese. Large differences between forages were found in their omega-3 and omega-6
contents, in addition to other chemical parameters. In winter, the voluntary consumptions of
these forages varied from 1,580 g MS daily for
Hedysarum to 1,139 g for Lolium. Likewise, the
daily milk yields varied from 2,040 g daily to
1,140 g, while the milk fat contents varied inversely with milk production. Differences in
forage intake and milk yield were found again
in spring, with Medicago showing the largest
intake followed closely by Hedysarum. Maximum milk yield was 1,833 g with Medicago,
followed by 1,170 g of Lolium. The milk fatty
acid profiles differed among forage species, except for C 4:0 and C 17:0. The highest forage
consumptions were associated with the higher
content of saturated fatty acids, which coincides
with the well-known fact that the mammary
gland synthesizes mainly saturated fatty acids
of 16 carbons or fewer, and that the nature of the
response is associated with the energy balance
of the animal. The polyunsaturated fatty acids
(including CLA), as well as the monounsaturated oleic acid, showed an inverse trend, evidence
that at lower consumptions, the animals possibly
mobilized higher proportions of adipose tissue.
Results were similar during the spring season.
Cheese matured for 1 or 60 days showed a fatty
acid profile similar to the original milks. The
most important conclusion is that both milk and
cheese reflected well the differences in the feeding regimen, and that the fatty acid profiles of
these products may be manipulated by feeding
fresh forages. It is also clear that manipulation
of the diet may be confounded with the extent of
body fat mobilization, if the diet also affects the
energy balance of the animal.
Another experiment carried out in Italy with
Sicilo-Sarda sheep compared the effects of ro-

tational grazing on Hordeum versus Lolium
perenne supplemented daily with 300 g of concentrate compared with stall-fed animals fed oat
hay, silage and 500 g of the same concentrate
(Atti et al., 2006). The grazing treatments did
not differ in terms of daily milk production (617
mL) and exceeded the stall-fed treatment (363
mL). The milk of the latter had a higher fat and
protein concentration, but the total yield of both
components was higher under grazing; however, cheese yield was not examined. The content
of short-chain fatty acids (C4-C10) did not differ among treatments, while the intermediatechain fatty acid (up to C16) levels were higher
in barn-fed animals; on the contrary, the polyunsaturated acids were higher in grazing animals, including the CLA (7.3 and 10.3 gּ L-1 for
Hordeum and Lolium, respectively, versus 2.4
gּ L-1 for estabulation). As established with dairy
cows, this experiment confirmed the superiority
of freshly grazed forages compared to stall-fed
treatments in terms of the CLA content.
The effect of different diets offered at several
farms varying from hay-based diets, hay plus
maize silo, or hay, maize silage and pasture
silage was evaluated in Italy (Stefanon et al.,
2004). The cheeses were matured for different
lengths of time. The authors identified more
than 60 volatile compounds that contributed to
cheese flavor, and they suggested that the influence of the diet was more related to the processes of chemical and microbial fermentation during maturation than to the direct transference
of chemical compounds from milk to cheese.
However, it should be noted that the fermentation products are influenced by the substrates
available, many of them derived from the feed.
Finally, the effect of the alpine climate on pastures was evaluated in France, and it was determined that the cheeses produced in pastures
located in different orientations and differing in
botanical composition presented organoleptic
differences and differences in the composition
of volatile compounds that contribute to flavor
and aroma (Buchin et al., 1999).
Regarding a supplement rich in oleic acid such
as olive oil pomace (“alpeorujo”), Cabiddu et
al. (2004) compared the performance of three
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groups of Sarda sheep from five weeks before birth until the fifth week of lactation. The
groups received basal diets of grass hay and
concentrates that included 0, 250 or 500 g DM
of pure pomace silage. Total dietary consumption decreased with increasing pomace supplementation: 1,691, 1,536 and 1,384 g day-1 respectively, and the sheep weight loss increased with
increasing pomace silage, but that did not led
to significant differences in the milk production among the groups, which were 1,602, 1,665
and 1,471 mL daily, respectively. Growth of
the suckling lambs was also unaffected. Similar but less detailed results have been reported
for work carried out in Chipre, summarized by
Hadjipanayiotou (1999). Chiofalo et al. (2004)
supplied a diet of concentrates plus hay to suckling sheep, including 0 or 20% of partially pitted pomace with or without addition of vitamin
E. Addition of vitamin E showed no effects,
while pomace feeding resulted in a significant
increase in milk production, as well as an increase of the unsaturated:saturated fatty acid ratio, and an improvement of the atherogenic and
thrombogenic milk indexes. The rheological
milk properties remained unaltered by pomace
feeding.
Pastures and sheep milk composition
The lipids present in forages fluctuate between
3% and 10% DM, including: (1) triglycerides
(TG), as an energy reserve, (2) phospho-lipids,
as members of the cell walls, (3) waxes and cutins, on the external surface, and (4) steroids,
with a great variety of biological activities. The
polyunsaturated fatty acids are fundamentally
present in phospholipids, and, in fact, make a
high contribution to total fatty acids: on average, 95% of these acids consist of C18:3, C18:2
and C16:0, and in fresh grass, 18:3 represents
50-75% of that amount. A strong positive correlation has been found between the 18:3 content
and the nitrogen content in forage (Elgersma,
2005). The main sources of variation in the content of fatty acids are species, stage of maturity
(Dewhurst et al., 2001), temperature and light
intensity. When these lipids are consumed by
the ruminant, the first phase of lipolysis is probably carried out by plant lipases. The unsatu-
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rated fatty acids undergo a high degree of hydrogenation in the rumen, and many fatty acids
are incorporated and transformed into bacterial
fatty acids, where C16:0, C18:0 and C18:1 are
predominant.
As mentioned before, the scientific literature
contains few references to milk composition and
quality in grazing sheep. Similarly to bovine
milk, the profile of fatty acids of sheep milk is
altered by the feeding regime (Atti, 2006; Valvo,
2005), by the grass/concentrate ratio (Avondo et
al., 2003 mentioned by Biondi et al., 2008) and
by forage species and their phenological stage
(Addis et al., 2005; Cabiddu et al., 2005).
Following the winter season in Mediterranean
Europe, there is a sudden change in feeding regimen, with barn-fed dairy sheep moving from a
winter diet of wheat straw and/or hay plus concentrates to a grazing regime. Similarly to observations made in dairy cows (Kuzdzal-Savoie
et al., 1961), sheep also respond rapidly to feeding changes. Biondi et al. (2008) examined the
daily changes in the milk composition of ten
Comisana ewes over 23 consecutive days when
moved from the winter diet to an oats/vicia pasture as the only feed source, with an availability
of 2.1 kg DM daily per animal. Milk yields decreased in the first three days, from an average
of 570 g daily to 472 g, but returned to the initial
levels on the fourth day. The fat, protein and lactose contents were unaltered, but the fatty acid
profile changed. The shorter-chain fatty acids
(C4 and C6) were not affected, but there was
a striking increase of linolenic, trans-vaccenic
and rumenic unsaturated fatty acids during the
second and third days of grazing, that stabilized
by the eighth day. These changes are important, as sheep milk is mostly transformed into
cheese, and cheese processing does not alter the
total CLA content or that of its most important
isomers (Luna et al., 2005a,b).
In Italy, Addis et al. (2005) sowed pure plots of
Lolium rigidum; sulla, Hedysarum coronarium;
Medicago polymorpha and Chrysanthemum
coronarium to determine how they would affect
the composition of sheep milk. Two experiments
were made, corresponding to two different seasons: winter during active growth of pastures,
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and spring during the flowering season. Each of
the species was cut and fed twice daily to Sarda
ewes, and milk production was measured in
the last three days of the experimental period.
Cheeses with 1 or 60 days of maturation were
also analyzed. Milk and cheese compositions
were affected by the species of forage in terms
of fatty acids, with a strong effect particularly
from the dicotyledons. The same group of researchers (Cabiddu et al., 2005) demonstrated
the effects of the same forage species when
directly grazed and found large changes in the
fatty acid profiles associated with forage species, to the extent that a discriminant analysis of
the results differentiated the milk from the four
species forage with 100% accuracy.
The results referred to above, as well as those
reported by Cabiddu et al. (2005), demonstrate
that feeding different forage species induces
changes in several milk fatty acids, but the most
striking effect is on the entire fatty acid profile,
such that the results are generally analyzed with
multivariate analysis techniques, such as discriminant and principal-component analyses.
Complementarily, indexes such as the atherogenicity and thrombogenicity of Ulbricht and
Southgate (1991) are estimated. For example,
in the experiments by Addis et al. (2005) with
stall-fed sheep, the indices of milk atherogenicity during winter (active growth season) were
1.76, 2.49, 2.17 and 3.32 for C. coronarium, L.
rigidum, M. polymorpha and H. coronarium,
respectively, while the respective values for
spring were 0.81, 2.50, 1.57 and 3.24. All these
differences were significant and were transferred to the respective cheeses. Despite the relative scarcity of data, the information available
so far, summarized by Cabiddu et al. (2005),
shows that, regardless of the fermentation processes and maturation undergone by cheese,
including the partial hydrolysis of triglycerides
and phospholipids, with the subsequent liberation of fatty acids, the relative proportions of
these acids undergo only small changes. On the
other hand, the even more scarce comparative
information suggests that CLA originating in
the rumen of grazing ruminants is more important than CLA synthesized endogenously from
the rumen precursors, as evaluated by the activity of the enzyme ∆9-desaturase (Griinari et al.,
2000), and that this phenomenon is more consis-

tent in sheep than in cattle. The ratio of rumen
CLA to endogenous CLA seems to be inversely
related to the leafiness of the forage consumed,
which suggests that the higher the contribution
of ruminal precursors (for example vaccenic
acid) is, the lower is the endogenous synthesis
(Cabiddu et al., 2005).
Finally, it is noteworthy that, although the composition of numerous forage species has been
studied in terms of very-long-chain fatty acids
(saturated, linear chains of C20 to C34), longchain alcohols (C20 to C34) and n-alkanes (C21
to C33) with the aim of using these chemical
entities as internal indicators of digestibility,
consumption and botanical diet composition
of grazing ruminants (Dove and Mayes, 2005),
they have not been used as possible differentiating elements, possibly because their fecal recovery tends to be very high (and consequently are
not transferred into milk); however, their detection in feces would represent a simple indicator of the general type of animal diet, useful for
traceability of the feeding strategy. On the other
hand, alkenes (unsaturated, C27-C33) are metabolized, and their fecal recovery is lower, thus
representing potential differentiation markers
for animal products. This is potentially important, as all of these compounds may be determined rapidly by Near Infrared Spectrometry
(NIRS), although the technique has apparently
not been applied to cheeses yet.
Other differentiating elements in milk
As indicated in Table 4, the micronutrients present in milk can be used to differentiate the type
of feeding received by lactating ruminants (Lucas et al., 2005). In addition, milk carries numerous secondary compounds, in even smaller
amounts, many of them reflecting the type of
diet received.
Moio et al. (1996) extracted the volatile neutral
compounds from milk produced by sheep grazing native grasslands, sown grass pastures or by
stall-fed animals receiving a concentrate ration.
The compounds were extracted by distillation,
followed by concentration, dilution in dichloromethane, and GC/MS analysis. Of the more
than 80 analytes present, 70 were identified and
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quantified, including esters, aldehydes, alcohols,
ketones, nitrogen and sulfur compounds, aromatic hydrocarbons and lactones. The amounts
of these compounds varied according to milk
origin, but they were present in all of them. On
the contrary, two sesquiterpenes that were identified were only present in milk produced on
natural grasslands and in Peccorino-type cheeses produced from that milk. Therefore, the authors suggest that they may be used as chemical
markers of the origin of milk and cheese, even
though they did not contribute to the aroma of
either product. Regardless of the numerous compounds present, only ten of them contributed to
determine the aroma of milk and cheese. The authors pointed out that, depending on the concentration, the same compounds may provide pleasant or unpleasant smells when evaluated by GC/
olfactometry, as is the case with varying indole
concentration, among others.
An interdisciplinary group of INRA, France,
has studied components such as terpenes and
carotenes, in addition to fatty acids, as feeding
indicators of cow milk (Martin et al., 2005), and
found that the terpenes profile is a particularly
effective indicator of the type of pasture consumed, while the amount of carotenes and/or
milk color allow differentiation between diets of
maize silage, hay + concentrates, pasture silage
and direct grazing. Similarly, they determined
that the profile of milk fatty acids clearly differentiates milk produced based on concentrates
versus other alternatives. In fact, in an experiment where six diets were compared, the combination of terpenes and fatty acids enabled the
identification of milk from the different treatments with 100% accuracy.
In the specific case of terpenes, 14 different
compounds were analyzed in milk and cheese
from cows grazing very diverse alpine grassland, versus a pasture of pure Dacytlis glomerata, and found large differences in the concentration and presence of those compounds. Most of
the difference was due to the very low terpene
concentration of grass species, whereas dicotyledons tend to be rich in terpenes.
Consequently, pastures with a complex botanical composition are markedly richer in terpenes
than monophytic grass pastures (Martin et al.,

319

2005). Researchers of the same French group
(Fernandez et al., 2003) compared milk and
cheese produced during the summer grazing
season versus winter, on numerous farms in
two regions of France: the lowlands in Brittany,
and the mountain grasslands of Auvergne. In
the case of Brittany, winter feeding was based
on maize silage, while hay or prairie silage was
used in Auvergne. The analysis of terpenes, and
in particular sesquiterpenes, was able to discriminate the milk from both regions and both
seasons with total effectiveness.
Beta-carotenes are responsible for the yellowish
coloration of milk and adipose tissue in cattle,
and originate in forages consumed by animals,
including preserved forages. Color measurements have allowed the discrimination of milk
derived from concentrates or maize silage from
that of pastures, whether grazed or ensiled, but
they could not discriminate among hay types
(Martin et al., 2005). However, sheep adipose
tissue and milk store a lower proportion of carotenes than cattle, and goat milk even less, due to
the high activity of the β-carotene 15, 15’ monooxygenase enzyme (E.C. 1.14.99.36) (Yang et
al., 1992; Nozière et al., 2006).
Similarly, the concentration of rumenic acid
has been used to differentiate pastures associated with different elevations in the French Alps
(Martin et al., 2005). Coulon et al. (2004) summarized information accrued during ten years
in France, indicating that, in the case of bovine
milk, the effects of the botanical composition
of the forage on the intensity of flavors and textures of Abondance, Beaufort and St-Nectaire
cheeses were closely associated with pastures
of different types, elevation and South-North
orientation, to the extent that it was possible to
identify the geographic origin of a cheese based
on these parameters.
In addition to the differences induced by the
macronutrients mentioned before, sensorial differences are also generated by the presence of
a variety of plant secondary compounds. The
mono- and sesquiterpenes are important components of essential oils, responsible for aromatic
properties. These secondary compounds are involved in plant pollination and resistance to predation and act as antimicrobial agents. They are
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relatively abundant in many dicotyledons, while
their concentration in grasses is very low (Tornambé, 2006). Mariaca et al. (1997) examined
the distribution of mono- and sesquiterpenes in
47 plants of Swiss pastures where cheeses were
produced and isolated 47 compounds in alpine
and lowland pastures. The authors suggest that the
differences in cheese aromas and flavors were associated with the species consumed, their phenological stage, the location and the terpenes present. Important terpenes included beta-ocimene,
limonene and trans-beta-caryophyllene.
Cornu et al. (2001) investigated the volatile
compounds of nine species present in native
grasslands of Auvergne, in Central France, selected by their diversity in terpene content and
type. The terpenes were extracted by the “headspace” technique in a solid phase, without the
use of distillation, and the extracts were quantified by GC/MS. The poly-dimethyl-siloxane
solid phase captured terpenes, alcohols, cyclic
ethers and esters. Four of the nine species studied produced more than 60 volatile compounds,
and the authors conclude that some of the terpenes found in higher amounts in these plants
could help in establishing the connection among
dairy products and the pastures used, in order to
improve the traceability of those products. In a
follow-up study, the same group of researchers
(Tornambé et al., 2006) analyzed milk for the
presence of terpenes and isolated 20 mono- and
23 sesquiterpenes. The most abundant monoterpenes were beta-pinene, alpha-pinene, gammaterpinene, limonene, alpha-tujene, terpinolene
and alpha-phellandrene. Among the most abundant sesquiterpenes were included beta-caryophyllene, alpha-copaene, beta-cedrene, transmuurola-4(14-),5-diene, beta-bisabolene and
gamma-cadinene. In general, the same compounds found in grassland species were found
in milk, but there were temporary differences
and differences associated with pasture management, which, according to the authors, calls
into question some of the specifications of the
Products with Denomination of Origin, unless
they are associated with management practices
of specified pastures.
Viallon (2000) investigated the transfer of terpenes from two very contrasting forage species,
Dacytlis glomerata, very poor in terpenes, and

the dicot Achillea millefolium, rich in those compounds, to bovine milk. The experiment demonstrated the transference of monoterpenes in
8 h, while sesquiterpenes appeared in the third
milking, 32 h after the change in diet. After returning to the pure grass diet, the terpenes disappeared from milk in four days. Discussing
the headspace technique for volatile compound
determination, Toso et al. (2002) analyzed milk
from 12 farms in Italy, selected for similarities
in management, breed and level of production,
with the farms grouped according to the type of
feeding: (1) hay, (2) hay + maize silage; and (3)
hay + maize silage + prairie silage. They isolated
and identified 41 volatile compounds; quantitatively; the most important were ketones (eight
compounds, 170 mg kg-1), aldehydes (0.63 mg
kg-1), alcohols (8.36 mg kg-1) and lower amounts
of hydrocarbons, sulfur compounds, esters and
terpenes. The discriminant analysis of the results selected nine compounds that classified
100% of the original samples correctly: acetone,
2,3-butanedione, 2-butanone, ethanol (probably
originating from silage fermentation), acetaldehyde, ethyl acetate, ethyl isovalerate and dimethylsulphone.
The headspace technique has been used to analyze Spanish DOP cheeses (Barron et al., 2005a;
Barron et al., 2001) and also to compare differences in the extraction procedure. In the case of
Idiazabal cheese, manufactured with raw sheep
milk, the results showed significant differences
in milk chemical and bacteriological properties and sensorial differences in the resulting
cheeses. These parameters would help to adjust
cheese manufacturing techniques in order to
obtain a more uniform product. Similarly, La
Serena cheese, made with raw Merino milk using an extract of the thistle Cynara cardunculus
as a coagulant, also showed seasonal variations
(Carbonell et al., 2002; Fernández-García et al.,
2002), although the alcohols and esters were
predominant over the whole year, with an important terpene presence in spring, where the
main chemical entities were the same terpenes
detected in the alpine pastures of France by Mariaca et al. (1997). Similar results were seen in
the analyses by Moio et al. (1996) and Fernández-García et al. (2002), who found that a relatively small number of compounds (16) could be
used to discriminate Manchego cheeses of dif-
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ferent origins and those produced with pasteurized milk or raw milk with complete accuracy.
From this section of the literature review, it may
be inferred that, in seasons with active grass
growth and if there is an important presence of
dicotyledons (what is “important” has not been
defined, in terms of botanical composition), it is
very reasonable to expect the presence of terpenes, while there may be an important presence of hydrocarbons, alcohols, aldehydes and
ketones in milk throughout the whole year. It is
therefore important to precisely define the botanical composition of the grasslands used, as
a base parameter to establish if they contribute,
and to what extent, to the chemical compounds
responsible for product differentiation.
It is also clear that the feeding strategy, animal,
and pasture management, as well as the presence of odors in, or close, to the milking shed,
will generally affect the volatile compounds of
the resulting milk and cheese. The chemical
features in the resulting cheeses are definitely
useful to ensure or monitor the traceability of
not only milk and cheese, but also meat (Prache
et al., 2005).
The feasibility of commercial application of
these measurements is therefore related to cost;
the colorimetric methods to quantify the carotenoid concentrations in fat are immediately
applicable, while more sophisticated methods
based on chromatography are obviously more
expensive (Prache et al., 2005), but their occasional use will hinder frauds and false identifications of animal products. In addition, the rapid advances being achieved in the application of
NIRS techniques (for example, for the quantification of fatty acids and polyphenols) as well
as diverse molecular techniques ensures that
sophisticated and inexpensive analytic methods
will be available in the short and medium term
for the determination of micro-compounds.
Methodological and instrumental
conclusions
From the literature reviewed, mainly of European origin and with a particular emphasis on
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Spain, Italy and France, it is evident that the
measurement of secondary metabolites that
could supply typical, functional or typicity features to forages, feeds, and animal products,
requires more sophisticated techniques than the
those usually used to determine conventional
parameters, such as nitrogen, fat and lactose
contents.
Gas chromatography (GC) is the most widely
adopted technique for determining fatty acids,
terpenes and hydrocarbons, using long state
of the art columns that require previous stages
of sample preparation. The latter may be quite
elaborate, depending on the accuracy desired,
and the more or less precise characterization of
the individual compounds. One example is the
determination of terpenes and essential oils and,
in general, volatile compounds responsible for
aromas and flavors, the determination of which
utilizes headspace samples among others. It
should be remembered that the columns used in
GC for these different compounds are generally
different than the columns used to quantify fatty
acids; therefore, the same sample is occasionally
subject to GC in more than one column.
Analyses become more complicated if the
chemical compounds present in the sample are
unknown beforehand; in that case, the use of GC
with a mass detector is required. An example
is the characterization of Idiazabal cheese, referred to above. Fortunately, previous research
has already identified some compounds as excellent candidates, present in variable degree, in
all of the cheeses analyzed to date.
The quantitation of polyphenols requires different instrumentation. Determinations of total
polyphenols, hydrolyzable or not, are simple
and only require spectrophotometry. Conversely, determination of specific polyphenols
requires High Pressure Liquid Chromatography
(HPLC), equipped with proper columns and
detectors. The very recent development of an
HPLC technique to separate important groups
of phenols, water soluble and liposoluble vitamins, carotenoids and chlorophyll (Mendiola et
al., 2008) in functional foods in a single pass is
particularly interesting and new developments
on this technique are expected soon.
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Conclusions on functionality
From the literature review, it may be inferred
that, in seasons with active grass growth and if
there is an important presence of dicotyledons
(although “important” has not been defined yet,
in terms of botanical composition), it is very
reasonable to expect the presence of numerous
secondary metabolites in small but significant
amounts, such as terpenes, some polyphenols
and fatty acids, while there may be an important
presence of hydrocarbons, alcohols, aldehydes
and ketones in milk over the whole year. However, accurately defining the botanical composition of the grasslands used is required as a base
parameter to establish if and to what extent they
contribute differentiating chemical compounds.
If that is indeed the case, these findings would
represent an additional stimulus for the conservation of plant genetic resources.
In general, it is clear that the feeding strategy
and the animal and pasture management, as
well as the presence of odors in, or close to, the
milking barn will affect the milk volatiles and
the resulting cheese. The chemical features in
the resulting cheeses are definitely useful to
ensure or monitor the traceability of milk and
cheese, as well as for meat traceability (Prache
et al., 2005).

The feasibility of commercial application of
these measurements is strongly related to cost;
the colorimetric methods to quantify carotenoid
concentrations in fat or total polyphenols in
grasses and cheeses are of immediate application, while more sophisticated methods based
on chromatography are currently more expensive (Prache et al, 2005), but their occasional
use will avoid fraud and false identification of
the animal products. This is, definitively, the
predominant tendency in the most demanding
international markets. In addition, rapid advances in the application of NIRS techniques
(for example, for quantification of fatty acids,
polyphenols, hydrocarbons, etc.), as well as diverse molecular techniques ensure that, in the
short term, cheaper and more sophisticated
techniques will become available for the determination of micro-compounds in milk and
cheese quality-control processes, particularly
those intended to identify functional and differentiating characteristics.
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Resumen
R.R. Vera, C. Aguilar y R. Lira. 2009. Diferenciación de la leche y queso de oveja en base a
calidad y composición. Cien. Inv. Agr. 36(3):307-328. La rentabilidad de la producción ovina
tradicional entre productores pequeños y medianos es muy baja, razón por la cual es deseable
buscar alternativas con mayor valor agregado y diferenciación. Una alternativa de interés es
la producción de leche ovina para la elaboración de quesos. El artículo analiza y discute las
alternativas para modificar la composición de la leche y quesos de forma de diferenciarlos. Se
discute como es posible cuantificar objetivamente dichos cambios y se mencionan brevemente
algunas de las técnicas analíticas disponibles con ese fin. En general, los esfuerzos que se
están realizando a nivel mundial se focalizan en la modificación del contenido y perfil de los
ácidos grasos, así como la identificación y cuantificación de compuestos volátiles, terpenos,
polifenoles y otros que permitirían diferenciar quesos y leche por sabor y olor, y que permiten
asegurar la trazabilidad.
Palabras clave: Ovinos, leche, queso, sabor, composición, diferenciación, valor agregado.
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