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bstract

Dairy sheep and dairy goat breeding in Europe is most common around the Mediterranean basin, particularly in France, Greece,
taly and Spain. Over recent years the tendency has been a slight reduction in the number of animals bred, while at the same time
here has been a general increase in the volume of milk produced. The milk of sheep and goats is mainly reserved for cheese making
nd therefore a quality evaluation of the milk is of fundamental importance. If, on the one hand, the achievement of a certain level of
uality is of interest for the cheese making industry, which has to deal with the ever-increasing demands of the consumer, it is also of
nterest to the milk producers, who can increase their earnings by pursuing high quality. The quality of the milk for cheese making
epends essentially on its physical and chemical composition and on hygienic and sanitary factors (bacterial count, somatic cells
ount, etc.). The price of sheep and goat milk is generally higher than that of cow milk, even though in certain areas of production it
s not specifically exploited, being blended with cow milk for the production of mixed cheeses. Differentiated pricing in relation to
C
Tuality is becoming ever more widespread also for sheep and goat milk. This is mainly based on the construction of a grid on which

arious parameters are taken into consideration in order to establish bonuses and penalties, which are then applied to the base price
f the milk. This paper summarises some previous works on this subject and integrates them with the new scenarios, while at the
ame time discussing how to improve the quality and subsequently the valorisation of these milks.

2006 Elsevier B.V. All rights reserved.
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. Introduction

The main use for sheep and goat (S&G) milk in the
orld is for cheese making that is usually conducted

t farm level or in small local dairies, in particular
U
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n Mediterranean and South-East European countries,
lthough some big cheese factories can also be found,
ainly in Western Europe. Over the past few years, the

� This paper is part of the special issue entitled “Goat and Sheep
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ment system

S&G milk dairy industry, along with the other agro-
food sectors, has considerably developed its production
capacity by increasing the industrialization and automa-
tion of the processes. In the same time there has been
an increase and a liberalisation of international trade.
These changes were possible thanks to the definition of
hygienic and sanitary standards at international level:
Codex Alimentarius and European Union Directives,
principally. A development policy for the S&G dairy sec-
tor combined with financial incentives have allowed this
tive payments for goat and sheep milk in relation to quality,

sector to advance and implement a payment system in 44

relation to the quality of the milk. Quality control mech- 45

anisms are now largely instituted by interprofessional 46

laboratories which systematically collect and analyse 47
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Table 1
World goat and sheep milk production in 2005

Goat milk production (tonnes) Sheep milk
production (tonnes)

India 2,700,000 China 1,120,000
Bangladesh 1,416,000 Italy 820,000
Sudan 1,295,000 Turkey 750,000
Pakistan 660,000 Greece 700,000
France 587,000 Syrian Arab

Republic
604,200

Greece 495,000 Sudan 464,940
Spain 465,000 Spain 400,000
Islamic Republic of Iran 365,000 Islamic

Republic of
Iran

380,000

Ukraine 290,000 Romania 344,000
Russian Federation 259,000 France 264,000
China 256,000 Algeria 200,000
Turkey 240,000 Mali 126,000
Mali 238,590 Bulgaria 115,644
Indonesia 220,000 Indonesia 102,000
Algeria 160,000 Portugal 98,000
Mexico 154,478 Mauritania 96,250
Brazil 135,000 Egypt 93,000
Italy 115,000 Saudi Arabia 82,500
Mauritania 109,800 Albania 76,000
Bulgaria 109,320 Jordan 65,752

Total in the world 11,879,780 Total in the 7,815,231
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milk samples. Mechanisms of this nature, particularly
well-organised in certain countries such as France, Italy
(Sardinia), Taiwan and Spain, are developing fast in
The Netherlands, Norway, Portugal and North Ameri-
can countries, but are almost non-existent in Greece and
the east of the world.

This paper summarises some previous works on this
subject (Pirisi et al., 2000; Dubeuf et al., 2004a,b;
Kalantzopoulos et al., 2004; Raynal-Ljutovac et al.,
2005) and integrates them with the new scenarios, while
at the same time discussing how to improve the quality
and thus the valorisation of these milks. After a presen-
tation of the S&G dairy sector around the world, existing
payment systems are described together with the impact
they have on the evolution of production systems and the
quality of products.

2. Sheep and goat milk production in the world

Small ruminants are present all over the world. They
are considered to be well-adapted to the grazing (sheep
and goat) or browsing (goat) of poor marginal lands,
they are often seen as very attractive for small-scale
farming in developing countries and less-favoured areas.
The FAO statistics (Table 1) show that S&G milk rep-
resents 4.25% of the total world milk production with
the largest quantities in Asia (3.5 millions tonnes of ewe
milk in Turkey, Iran, China, Syria, Sudan and Algeria and
7.5 millions tonnes of goat milk in India, Bangladesh,
Sudan, Pakistan, Iran, Turkey, Ukraine, Russian Fed-
eration and China). But these data, particularly for the
under-developed countries, do not usually include the
milk production for kids and lambs after weaning as
well as the milk used for family or village consumption.
This means that out of the total milk production officially
recorded, an unknown quantity is processed directly by
farmers or after collection by dairies, and sold on an
organized market.

Dairy sheep and dairy goat breeding in Europe is most
common around the Mediterranean basin and in the EU,
Greece, Spain, France and Italy are the largest producers
of S&G milk (Dubeuf and Le Jaouen, 2005). In these
countries the production of S&G milk is concentrated
in well-defined areas. In Italy 48% of the total produc-
tion of sheep milk is produced in Sardinia with the Sarda
breed. In Spain the most important areas are Castilla and
León (70% of the total) with the Assaf and Churra breeds
and Castilla-La Mancha (25%) with the Manchega. In
U
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France the Roquefort region (82%) with the Lacaune
breed is the most important. Greece is one of the most
important sheep and goat milk producer in the world.
Its S&G sector is kept very traditional with small flocks
E world

FAOSTAT data (2005).

consisting of local breeds (e.g. Chios, Argos), but set-
tlements of more intensive farms with imported breeds
(e.g. Lacaune, Awassi) are observed under the impulse of
industrial investors. Nevertheless, payment systems are
still little developed (Tsiboukas and Vallerand, 2004).
The sheep dairy sector is not well-developed in other
countries except for Great Britain, North America, South
America and Middle-East, where it is present on a small
scale mainly. In particular in USA and Canada produc-
tion of sheep milk from about 12,000 head started 25
years ago and is growing rapidly annually (Berger et al.,
2004; Thomas and Haenlein, 2004). This milk is used
exclusively for cheese making and yoghurt production,
principally at the artisanal level. Regulations for com-
mercial sheep milk cheese marketing are patterned after
the American cow milk regulations (Haenlein, 2000;
Haenlein and Wendorff, 2006).

As regards goat milk (Dubeuf and Le Jaouen, 2005),
the largest producing areas in France are: Poitou-
tive payments for goat and sheep milk in relation to quality,

Charentes, Pays de Loire and Rhône-Alpes and the main 117

breeds are the Alpine and Saanen. In Spain: Andalucı́a, 118

Castilla-La Mancha, the Canary Isles and Murcia are 119

the most important regions and the main breeds are 120
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Table 2
EU limits applicable to the production of raw sheep and goat milk, from Directive 92/46 modified by Directive 94/71

Milk For the production of products based on heat
treated milk

For the production of products based on
non-heat treated milk

D 1/12
B <1,5

a sample

M121

g122

a123
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ate the requirement came into force 1/1/95
acterial count at 30 ◦C (n/ml) <3,000,000

Geometric average observed over a 2-month period, with at least two

urciano-Granadina, Malagueña and Majorera. In Italy:
oat milk production is particularly developed in Cal-
bria, Sardinia and Campania with the Locale and Sarda
opulation breeds and the Garganica and Maltese breeds.
n Europe the dairy goat sector is also developed in The
etherlands and Norway. Nevertheless, in most of these

ountries, as in Italy, Portugal and Greece (where the
oat milk industry is not well-differentiated from the
heep milk industry) an important part of the produc-
ion is processed at farm level or in small-scale units. In
rance the dairy goat sector is very strong thanks to a
ood ecological image of goat products often associated
ith holidays on the farm. In the USA, a certain inter-

st for dairy goats started during 1960–1970, and in the
980s this sector began to be very active with annual pro-
uction of about 50 million l of milk. The dairy breeds are
rincipally Nubian, Alpine, Saanen and Toggenburg, and
uality control has been adopted from cow regulations,
hile official goat milk standards are still in progress

Haenlein, 2000). A similar situation can be observed
n Canada. In other developed countries, the goat sector
s small although it may be well-organised like in New
ealand, where a large part of the 14 millions l produced

s processed into UHT milk or powder, and is exported
o several countries (Dubeuf et al., 2004a,b) and Taiwan
ith about one-half a million Alpine and Saanen goats

mported from USA has a well-organized goat fluid milk
ndustry (Haenlein, personal communication). Israel has
lso an organised, intensive S&G dairy sector.

Goat milk and its products are now fashionable in
ome parts of the world, where medical needs and con-
oisseur interests drive these markets. The success of
ew initiatives and projects in developing countries (i.e.
n Algeria, Morocco, Tunisia, Vietnam, South America,
tc.) is varied and subject to several constraints (Dubeuf
t al., 2004a,b). Milk collection in these countries is still
oorly developed nor well-organised.

. A milk mainly used for cheese making
U
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The main use of S&G milk is cheese making, although
small amount of goat milk is consumed directly as
HT milk or transformed into yoghurt. The exploita-

ion of S&G milk as such is more important in France
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/99 1/1/95 1/12/99
00,000 <1,000,000 <500,000

s a month.

and Italy, while in Spain and Greece, a large quan-
tity of mixed cheeses is produced. In this case S&G
milk is blended with cow milk and is not specifically
exploited. The transformation of sheep milk into cheese
is carried out mainly at industrial levels, although in
Greece a significant amount of this milk is processed
in small dairies by the breeders themselves (about 35%).
In the case of goat milk, on the other hand, as much as
80% of the total milk is processed in industrial dairies
in Sardinia (Dubeuf and Le Jaouen, 2005), and about
75% in France (estimated from sources Centre National
Interprofessionnel de l’Economie Laitière, 2005; Institut
de l’Elevage, 2005).

Out of a total of around 550,000 tonnes of S&G milk
cheese produced in Greece, Spain, France and Italy, 25%
is protected designation of origin (PDO) cheese, much
of which is represented by Pecorino Romano, Roque-
fort and Pecorino Sardo, while the other denominations
together account for less than 10%.

4. European regulations and parameters

The criteria of hygienic and bacteriological quality
in S&G milk are outlined in the 92/46 and 94/71 EU
Directives, which regulate the various aspects of the pro-
duction and transformation of the milk of various animal
species. In the case of cow milk the norms established
are very precise, while in the case of S&G milk the lim-
its of some parameters, such as somatic cell count, have
not yet been established. Table 2 reports the EU limits
for the production of raw S&G milk. These are distin-
guished by taking into consideration the milk treatment
(heat treated or non-heat treated) before cheese making.

Outside of Europe, the limits established for cow milk
are more or less applied to S&G milk, as is the case in
USA, Canada and Taiwan (Haenlein, 1993).

5. Hygienic quality
tive payments for goat and sheep milk in relation to quality,

5.1. Bacterial count 198

The bacterial count refers to the number of aero- 199

bic microorganisms which develop at a temperature of 200

30 ◦C, and is expressed as a number of colony-forming 201
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units (CFU)/ml. The EU Directives establish the maxi-
mum limits admissible (Table 2) for S&G milk with the
aim of upholding or improving the quality of raw milk.
Microbiological quality control of milk is a very delicate
task, given the great variety of conditions to be found in
the S&G sector. Lack of milking machines and refrigera-
tion tanks at the farm and transport of milk in unsuitable
vehicles have a notable influence on the bacterial counts
which can, in particular conditions, reach high levels.
These considerations underline the difficulty of obtain-
ing milk with a low bacterial count, since in certain areas
this would mean altering the structural characteristics of
the farms. It must be pointed out that modernisation of
the farms also requires adequate technical training of the
shepherd.

5.2. Somatic cell count

Besides impact on the microbiological quality of
milk, linked to the transfer of infectious germs into milk
(some of which, like Streptococcus agalactiae, Staphy-
lococcus aureus and Escherichia coli can be pathogenic
to man), mastitis can also induce major changes in the
S&G milk composition (Pirisi et al., 1999a,b; Albenzio
et al., 2004; Bianchi et al., 2004; Leitner et al., 2004;
Haenlein, 2002).

The normal level of somatic cells in non-mastitic
S&G milk is characterized by great variability. It is par-
ticularly high in the colostral period and at the end of
lactation, but may be influenced by various factors such
as the age of the animal, its level of production, stress,
the sanitary state of the animal, etc. Somatic cells con-
tained in milk can be grouped into three types: epithelial
cells, blood cells and cytoplasmic particles. The pro-
portions of these different cell categories vary during
the course of lactation and depend also on the sanitary
state of the animal. During an episode of mastitis, the
immune defences of the udder are activated, polynucle-
ated leukocytes pass from the blood into the mammary
gland in large numbers, and the number of somatic cells
in the milk increases. The processes of filtering and syn-
thesis of milk components are modified, bringing about
imbalances in milk composition. The filtering capacity of
the mammary gland is stimulated, provoking mainly an
increase in soluble non-casein protein content, and that
of some mineral elements, in particular sodium, while on
the other hand a reduced synthesis in the udder causes
reduction in lactose content. The latter is particularly
U
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evident in sheep milk. The pH value is also altered and
is higher in mastitic milk than in normal milk, resulting
in poor milk aptitude for rennet coagulation and cheese
making. The effect of milk SCC on the sensory charac-
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teristics of cheeses is less well-documented (Coulon et
al., 2004).

5.3. Presence of inhibiting substances

Substances that are capable of slowing down or
inhibiting the development of lactic acid bacteria, are
blocking the fermentation processes in cheese making,
and constitute a health risk to the consumer. They include
residues of pharmacological, antibiotic, detergent and
disinfectant substances. The treatment of mastitis with
antibiotics and sulfa drugs is one of the main causes for
the presence of inhibiting substances in milk. Pesticides,
too, and certain mycotoxins may reach the milk when the
animal ingests contaminated feed. Milk and its products
destined for human consumption must be free of inhibit-
ing substances and this is reflected in strict regulations of
milk control systems and incentive payment programs.

6. Physical and chemical quality

From a quantitative standpoint, cheese is mainly com-
posed of proteins and fats as well as minerals, water, etc.,
therefore an adequate protein and fat content in the milk
used as the raw material for cheese making is of particu-
lar importance in defining its chemical quality, as it has
a determining effect on cheese yield. There are no offi-
cial and global regulations on fat and protein contents of
milk other than minimum level requirements, and every
regional industry has its own specifications according to
market conditions and needs. Apart from these, certain
physical and chemical parameters are important quality
monitors, such as freezing point, which makes it possi-
ble to identify fraud due to the addition of water to the
milk (Brathen, 1983; Antunac et al., 2001), or the pH
value, which can be used as a pointer to the hygienic
quality of the milk. Although criteria of milk quality
have always referred mainly to fat, protein, solids con-
tents, many inter-professional laboratories, which deal
with milk analyses, have long since also introduced iden-
tification of the freezing point, the pH value and lactose
content. Lipolysis, which corresponds to the enzymatic
hydrolysis of fat, is another criterion sometimes used as
an indicator of the organoleptic quality for goat milk.
Indeed goat flavour and flavour defects in milk and in
soft white cheese are well-correlated with the level of
lipolysis in milk (Morgan et al., 2001).
tive payments for goat and sheep milk in relation to quality,

7. The main quality payment systems 295

Since the principal use of S&G milk is cheese mak- 296

ing, evaluation of its quality is of fundamental economic 297
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Table 3
Milk quality incentive program of US Land O’Lakes cow dairy company used as model by US goat dairies (Haenlein, 2000)

Deduct 10 ¢ Deduct 5 ¢ Quality standards Premium 10 ¢ Premium 20 ¢ Premium 40 ¢ Premium 50 ¢

>101,000 51–100,000 Plate loop count (PLC) <20,000 <10,000 <5,000 <3,000
>201,000 101–200,000 Preliminary incubation (PI) <40,000 <30,000 <20,000 <10,000
>751,000 601–750,000 Somatic cell count (SCC) <300,000 <225,000 <150,000 <125,000

<530 <530 Cryoscope 530–550 530–550 530–550 530–550
<90 <90 Farm score points >90 >90 >90 >90
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umulative deductions will be made for PLC, PI and SCC. Milk will
ubstances. Acceptable SCC for goat milk has been kept by special ord
outine made.

mportance. Systems of quality payment for S&G milk
re applied only in some European Countries and partic-
larly where the S&G sector is well-developed (France,
pain, Italy, Greece, Portugal, Norway and The Nether-

ands). Outside of Europe, systems of quality payment
or S&G milk are implemented on a regional scale in
SA, Canada, New Zealand, Israel and Taiwan (Dubeuf

nd Le Jaouen, 2005; Haenlein, 2000). An example for
quality payment system patterned by individual pro-

essing companies after that used by cow dairies in the
SA is given in Table 3.
Historically, all these systems take into consideration

everal parameters such as protein and fat content, and
icrobiological quality. When such a system is imple-
ented, this means that under normal circumstances a

asic price is determined for milk of standard quality,
hich is used as a basis for applying a bonus or penalty

elated to each parameter of the milk in question.
Inside the EU, the situation varies greatly between

ountries. Some examples of quality payment systems
re presented in Tables 4–10. Quality payment for S&G
ilk has long been organised in France, except in Corsica
here it is of recent date, and in Italy, particularly in Sar-
inia. In Spain it has been developed more recently with
arge differences between the regions, while in Greece it
as only just been implemented on a small scale. Usually
he medium–big industries are really involved in qual-
ty payment for milk because of their quality policy and
heir presence on the world market. Typical examples of
his are the Roquefort basin in France, Pecorino Romano
n Sardinia and Manchego in Spain. In all other cases,
he quality payment systems are limited. For instance,
n Spain, there is competition between the local com-
anies and the French or Dutch companies for goat
ilk collection. The application of quality payments,

n this case, is strongly dependent on the market situa-
U
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ion: when in France or The Netherlands the demand for
oat milk is high, quality payment is not enforced, while
ore restrictive conditions are applied in the case of

ver-production. So the conditions in this sector remain
E
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Fcted if it tests positive for contents of antibiotics and other inhibiting
at 1,000,000. Additional filtration tests for sediment contents are also

precarious because of a lack of strong contractual rela-
tions between the farmers and the dairies.

Recently in Sardinia, the Regional Government estab-
lished that a payment system for S&G milk quality needs
to be individualized with the parameters defined by a
joint committee (farmers, dairy industries and Regional
Government). The base price has to be determined on
the basis of the market price for the four most important
Sardinian cheeses, also taking into account the costs of
production and the yield of the different cheese types.

The organisation of a quality payment system requires
some prerequisites: a qualified laboratory to make the
analyses, the logistics to collect the samples and an
interprofessional organisation that guarantees the inde-
pendence of the analyses. A technical service to assist
the farmers in the improvement of milk quality still needs
to be provided. Sometimes the analysis is carried out by
the dairy companies themselves, without any guarantee
for the farmers. In this case the quality payment could
be used as a tool to favour some producers (i.e. the most
competitive producers or those near to the dairy). The
S&G dairy sector is characterized by the small size of
farms, often located in large areas and presenting a wide
diversity of production systems, which does not make
the organisation of a good payment system easy. This is
the main reason why these systems are still limited in
several countries.

8. Discussion

There is such variability in the situations (produc-
tion system, level of production and collection of the
milk, qualitative criteria and thresholds applied), that it
is impossible to make any overall statement at world
level, concerning the efficiency of the payment criteria
applied to milk quality (Dubeuf and Le Jaouen, 2005).
tive payments for goat and sheep milk in relation to quality,

We will give here an example of goat milk collection 372

in France, in the main region of production (Poitou- 373

Charentes area). This can help to better understand the 374

impact on milk characteristics of a payment system 375
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Table 5
Quality payment system for goat milk in Spain, specifications
2000–2005 (data from FORLACTARIA/AGASUR dairies)

Milk composition
+D 0.004 l−1 for each gram of fat
No payment on protein

Bacteriological quality
<50,000: +D 0.024 l−1

50,000–150,000: +D 0.012 l−1

150,000–500,000: +D 0.006 l−1

>500,000: penalization according to the prejudice

Somatic cell count
FORLACTARIA: penalization of D 0.006 l−1 when SCC

>1,000,000 (cells/l)
AGRASUR: no payment on SCC

Inhibitors: penalization
Cooling premium: D 0.04 l−1

Fig. 1. Evolution of fat content (g/l) and protein content (g/l) of goat
milk collected by dairies in Poitou-Charentes area, France, between
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380

381
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389
1994 and 2004. The annual value corresponds to the arithmetical
mean of the monthly values weighted by the quantity of milk from
3200 flocks in 1994 and from 2300 flocks in 2004 (Laboratoire
Interprofessionnel Laitier du Centre-Ouest, 1994–2004).

related to quality. Data are available over several years
for this case. The system of goat milk production in this
zone has changed with time but can be considered as sta-
bilized. The payment criteria for milk collected by dairy
processors has existed for a long time, with a regional
system of payment (Table 4), that has been completed
and standardized since 2001. For protein and fat con-
tent (in g/l of milk) a regular increase (Fig. 1) can be
noted between 1994 and 2004, with an average annual
increase of +0.86% for protein content and +0.68% for
fat content. Concerning the bacterial count (Fig. 2), the
decline is almost constant, being between 1994 and 2004
of the order of −10.8% per year for the annual arithmeti-
cal average for milk collected in this zone (and 17.7%
tive payments for goat and sheep milk in relation to quality,

between 2000 and 2004) (from data of the Laboratoire 390

Interprofessionel Laitier du Centre Ouest). There is a 391

good reason to believe that such results would not have 392

been obtained if these incentive criteria for quality pay- 393
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Fig. 2. Evolution of bacterial count (CFU/ml) of goat milk collected
by dairies in Poitou-Charentes area, France, between 1994 and 2004.
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Fig. 3. Evolution of somatic cell count (cell/ml) of goat milk collected
by dairies in Poitou-Charentes area, France, between 2001 and 2004.
The annual value corresponds to the arithmetical mean of the monthly
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417
he annual value corresponds to the arithmetical mean of the monthly
alues weighted by the quantity of milk from 3200 flocks in 1994 and
rom 2300 flocks in 2004 (Laboratoire Interprofessionnel Laitier du
entre-Ouest, 1994–2004).

ent of the milk had not been set up. Concerning SCC,
n the contrary, we can observe (Fig. 3) that between
001 and 2004 the average annual level increased (by
round +3.6% per year), which is contrary to what is
esired for this quality criterion. Breeders and techni-
ians have no real explanation for this phenomenon,
hich perhaps could be related to the intensification of
ilk production and the increase in milk yield.
These results prompt two conclusions:

Firstly, to obtain the desired changes, it is better to
U
N

C
O

R
R

E
C
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establish a real incentive, i.e. a benefit above a certain
threshold, which is the case in the example for fat and
protein content, rather than a system of allowances if
the optimum level is not reached (SCC in this example).

able 6
uality payment system for goat milk in Norway (Kalantzopoulos et al., 2004

lass Bacterial count (CFU/ml) Somatic cells (millions)

lite ≤20,000 ≤1,500,000
21,000–30,000 1,500,000–1,750,000
31,000–50,000 1,750,000–2,000,000
>50,000 >2,000,000

umber of analyses Two each month Two each month

anagement of variations and null payments

ayment

orway has the same governmental hygienic requirements as the EU Directiv
E
D

 P
R

O

values weighted by the quantity of milk from 2500 flocks in 2001 and
from 2300 flocks in 2004 (Laboratoire Interprofessionnel Laitier du
Centre-Ouest, 1994–2004).

Secondly, and this is most important, it is necessary that
there should be technical, individual or collective and
effective solutions for the breeders that are economi-
cally viable with their system of production, as well
as a means of distribution of techniques and technical
advice for the breeders.

In the previous example, these conditions are properly
met for fat and protein contents and for the bacteria count
(program of genetic selection, advice on nutrition and
general hygiene) but not for SCC (no effective technical
tive payments for goat and sheep milk in relation to quality,

)

Sensory evaluation Inhibitors and control of
water adjunction

Abnormal milk

No off-flavours
No off-flavours
Significant off-flavours
Strong off-flavours

One each month Freezing point, twice a
year; inhibitors, every
delivery

Elite: extra price
Classes 2 and 3: reduction in price relative to increasing f.p.
Inhibitors: no payment and “fine”
Abnormal milk: no payment

e 92/46.

advice exists for European breeders). 418

The breeding of dairy S&G has developed a great 419

diversity in the animal populations and consequently, in 420

the productive traits of the flocks. There are many S&G

dx.doi.org/10.1016/j.smallrumres.2006.09.009
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Table 7
Quality payment system for sheep milk in the Roquefort area, France,
Campaign 1998 (data from General Confederation of sheep’s milk
producers and manufacturers of Roquefort)

(a) Milk bacteriological quality (score grid)

Bacterial count (CFU/ml)

Coliforms
(CFU/ml)

<100,000 100,000–250,000 >250,000

≤500 3 2 1
501–2,500 2 1 1
>2,500 1 0 0

Milk bacteriological quality (classification grid) Penalties

Classification Total monthly points

Three controls Two controls One control

A 9–8 6–5 3 None
B 7–6 4 2 −D 0.03
C ≤5 ≤3 1–0 −D 0.07

(b) Milk butyric quality

Spores/l Grade

≤1,300 3
1,301–2,400 2
>2,400 1

Classification Total points for four controls Penalties

A 12–10 None
B 9–7 −D 0.03
C 6–4 −D 0.07

(c) Somatic cell count

Somatic cells/ml Grade

<1,000,000 3
1,000,000–1,500,000 2
>1,500,000 1

Classification Total monthly points Penalties

Three
controls

Two
controls

One
control

A 9–8 6–5 3 None
B 7–6 4 2 −D 0.03
C ≤5 ≤3 1 −D 0.07

The milk is also checked for the presence of Listeria monocytogenes.
These checks are only made for producers using well-conserved for-

421

422

423

424

Table 8
Quality payment system for sheep milk in Pyrénées-Atlantiques,
France, specifications 2005 (data from Interprofession laitière ovine
des Pyrénées-Atlantiques)

(a) Milk bacteriological quality

Coliforms (CFU/ml) <100,000 100,001–250.000 >250,000

≤500 3 2 1
501–2,000 2 1 1
>2,000 1 0 0

Classification Total monthly points Penalties

Three
controls

Two
controls

One
control

A 9–8 6–5 3 None
B 7–5 4 2 −D 0.0076
C 4–3 3–2 1 −D 0.0305

(b) Milk butyric quality

Spores/l Grade

≤1,000 3
1,000–2,000 2
>2,000 1

Classification Total points for three controls Penalties

Super A 9 +D 0.061
A 8 None
B 5–7 −D 0.0015
C 3–4 −D 0.0045
Super C Three analysis >5,000 −D 0.015

(c) Somatic cell count

Somatic cells/ml Grade

<1,000,000 3
1,000,000–1,500,000 2
>1,500,000 1

425

426

427

428

429

430

431

432

433
N
Cages. These checks are made twice a month from December to end of

April. The results of the four last checks are considered (generally 2
consecutive months).
U
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breeds deriving from local breeds or populations. In most
less-developed countries the milk yield per animal is low
and the farm equipment is rudimentary: flock size can
be very low (mixed farms, S&G raised together) or very
Two checks a month with an effect on the price. Chemical composition:
the milk is paid according to fat and protein content. Standard, 75 g of
fat and 55 g of protein; fat, ±D 0.0046 kg−1; protein, ±D 0.0069 kg−1.

large (pastoral and nomadic systems, flocks reared by
one or more families). In developed countries, which
are those concerned at present by payment for the milk
according to qualitative criteria, the flock size averages
between 100 and 300 sheep, and between 30 and 150
goats. Extensive management systems still play a very
important role in many developed countries (i.e. Greece,
Spain, Portugal, etc.) (Dubeuf et al., 2004a,b).

The economic conditions of the production and mar-
tive payments for goat and sheep milk in relation to quality,

keting of milk, and the strict application of sanitary 434

regulations (European regulations) have changed the 435

production systems considerably in some countries such 436

as France, Italy, Spain, etc. The flocks have become big- 437
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Table 9
Quality payment system for sheep milk in Greece (Kalantzopoulos et
al., 2004)

Final pricea = basic price + fat-based value + protein-based
value + quality premium + quantity premium − water
penalty − antibiotic presence penalty

Basic price D 0.76–0.81 kg−1

Fat (%)
<5.9 −D 0.03 kg−1 for each

0.1 fat to a limit of
−D 0.3 kg−1

6.5–6.80 None
>6.9 +D 0.03 kg−1 for each 0.1

fat to a limit of
+D 0.3 kg−1

Protein (%)
≤5.4 −D 0.3 kg−1

5.5 ≤ protein% < 5.8 None
Protein > 5.9 +D 0.3 kg−1

Qualityb premium
AA (≤200,000 CFU/ml) D 0.3–0.45 kg−1

A (200,000–500,000 CFU/ml) D 0.015–0.3 kg−1

B (500,000–1,500,000 CFU/ml) D 0.06–0.09 kg−1

G (>1,500,000 CFU/ml) D 0 kg−1

Quantity premiumc Maximum D 0.06 kg−1

a Price of milk is determined on the basis of the average of four
analyses in each month.

b The quality classification of milk is determined on the basis of
bacterial count (CFU/ml), with the presupposition that the antibiotic
residue must be null and the value of freezing point must be less than
−
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0.550 ◦C in each sample.
c Quantity premium varies with the region and the annual delivered
uantity of milk.

er, the facilities have been improved, animal nutrition
as been rationalised and consequently the milk yield by
&G has risen. At the beginning this situation led to a
eneral decrease of fat and protein content in milk due to
ilution of the useful total solids in milk. It has been pos-
ible to compensate partially for this decrease in protein
nd fat content (g/l) by the implementation of selec-
ion programs. Only some breeds (i.e. Awassi, Lacaune,
arda for sheep and Alpine, Saanen for goats) have been
pecialized for milk production and are submitted to an
fficient selection program, to the detriment of local
reeds, which can be threatened with disappearance.
he new market trends, which are increasingly recep-

ive towards traditional products, could be an excellent
pportunity to preserve the biodiversity and traditional
reeds of the S&G dairy sector.
U
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We have not discussed the case of those regions where
ilk is principally used for family or local consump-

ion, because they are not involved in incentive payment
ystems. Nevertheless, in several cases in these regions,
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although it can also be the case elsewhere, there are
potentially serious hygienic problems (i.e. brucellosis,
tuberculosis and pathogenic bacteria), and heat treat-
ments for the milk have been recommended or required
in order to control possible dangers to human health.

When there are no evident risks for human health, the
use of raw milk is prescribed or advised by the PDO spec-
ifications for most traditional cheeses. Several studies
(Lau et al., 1991; Pinna et al., 1999; Pirisi et al., 1999a,b)
have pointed out that the use of raw milk influences
the chemical composition during ripening and the sen-
sory properties of the cheeses favourably, especially for
cheeses with a long ripening time, it allows the expres-
sion of the production systems, and the link to the region
of production. The specific native microflora and native
enzymes, preserved by the use of raw milk, combine to
maintain certain specific characteristics of the products.
A very low bacterial count due to heat treatments can be
detrimental for the native lactic microflora of the milk.
The objective of bacteriological controls would be to
exclude pathogenic and non-lactic bacteria. The method
of presently used routine enumeration (Bactoscan) does
not allow differentiation of the milk flora (lactic, psy-
chrotrophic, pathogenic bacteria). The hygienic option
of precaution for the consumer using pasteurization or
UHT treatment to decrease the microbial flora of the
milk will also decrease the technologically useful flora
and could be inevitable at the world level. In the case of
traditional cheeses, this may have to be accepted, but is
compensated by the use of traditional technological pro-
cesses (paste rennet or starter from whey), which enable
the typical character and originality of the traditional
cheeses. A good approach when defining the limits for
bacterial counts is to take in account the type of cheese
that has to be produced. A fresh or soft cheese with a short
ripening time is certainly more sensitive from the micro-
biological point of view than a cheese with a medium or
long ripening time.

The control of hygienic quality is not only related to
the quality payment system. Simplified methods based
on the Hazards Analysis of Critical Control Points
(HACCP) method have already been used for daily con-
trol by the farmer himself. Although these methods
require proper training, they have been applied in sev-
eral situations, for instance in France and particularly on
farms that make cheese and where the quality payment
system is not applied directly.

The concept of quality, in any case, has recently
tive payments for goat and sheep milk in relation to quality,

evolved considerably: animal welfare, the farm environ- 506

ment and the general organization of production is more 507

and more taken into consideration. Initiated in the cow 508

milk sector, farm labels with economic incentive effects 509

dx.doi.org/10.1016/j.smallrumres.2006.09.009
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Table 10
Proposed quality payment system for sheep milk in Sardinia (Italy), specifications 2006 (data from Sardinian Regional Breeders Association)

Premium and penalties
(initial stage) Euro cents

Increase/decrease Premium and penalties
(range) Euro cents

Proteina (%)
<4.70 −2.066 −0.01 −0.004
4.71–5.55 None −0.01 −0.024
5.56–5.75 None None None
5.76–6.79 None +0.01 0.021
>6.80 +2.169 – –

Fat (%)
<5.40 −1.549 −0.01 −0.003
5.41–6.20 None −0.01 −0.019
6.21–6.60 None None None
6.61–7.59 None +0.01 +0.019
>7.60 +1.911 – –

Bacterial count (CFU/ml × 103)
<500 +0.516 −100 +0.103
501–1,000 None −100 +0.103
1,001–1,500 None None None
1,501–3,000 None +100 −0.052
>3,000 −1.549 – –

Somatic cells (cells/ml × 103)
<500 +0.516 −100 +0.103
501–1,000 +0.258 −100 +0.052
1,001–1,300 None −100 +0.086
1,301–1,700 None None None
1,701–2,500 None 100 −0.065
2,501–3,000 −0.516 100 −0.052
>3,000 −1.033 – –

,000 (CF
+D 0.6
00.
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Example of calculation: milk with 5.54% of protein, 6.65% of fat, 400
in total a premium of D 0.536; −D 0.048 for protein, +D 0.095 for fat,

a Premium for protein is cancelled if somatic cells are up to 3,000,0

would enable a global quality of the farm to be improved.
These factors are beginning to be included in the PDO
cheese specifications.

As indicated above, the conditions of payment for
S&G milk according to quality criteria are very vari-
able, and are related to the countries, regions, systems of
production and products.

The criteria used currently are based on methods
which present the advantage of being fast and inexpen-
sive. They also present, however, the inconvenience of
being rather approximate. Clarification would be desir-
able with specification of some criteria. These could
mainly concern: the milk proteins, with measurement of
the casein content, since the casein level is directly corre-
lated to the cheese yield; the fat content, also considering
those fatty acids of nutritional interest (i.e. CLA); the
U
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bacterial count, drawing a distinction between psy-
chrotrophic and coliforms and lactic bacteria; the SCC,
estimating only leukocytes linked to mastitis thanks to
the use of the latest methods.
U/ml) of bacterial count and 1,800,000 of somatic cells/ml, will have
19 for bacterial count and −D 0.13 for somatic cells +D 0.536.

This will require follow-up studies, adaptation of the
methods and development of analytical methodologies,
to ensure that results are reliable and inexpensive to
achieve.

9. Conclusions

The situation of the S&G dairy sector is very variable
and different around the world, especially between the
developed and undeveloped countries. For this reason a
complete analysis of the production conditions and the
payment systems for S&G milk is certainly difficult. In
this review, we have shown that a few countries, partic-
ularly in Europe, have a good situation in terms of the
hygienic conditions for S&G milk production, and an
international market for their products. The application
tive payments for goat and sheep milk in relation to quality,

of S&G milk payment systems in European countries has 544

been directly related to the development and industrial- 545

ization of the sector and it has significantly contributed 546

to improve the quality of S&G milk and cheese. In 547

dx.doi.org/10.1016/j.smallrumres.2006.09.009


C
T

 IN+Model
R

nant Re

d548

q549

l550

i551

552

e553

f554

o555

y556

t557

s558

i559

t560

t561

a562

U563

564

R565

A566

567

568

569

A570

571

B572

573

574

575

B576

577

578

579

B580

581

582

C583

584

585

586

C587

588

589

D590

591

592

593

D594

595

596

597

598

599

D600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658
N
C

O
R

R
E

ARTICLEUMIN 3171 1–12

A. Pirisi et al. / Small Rumi

eveloping countries, where incentive milk payments for
uality do not yet exist, prophylactic and sanitary pub-
ic measures are a prerequisite before efforts to develop
ncentive systems can be made.

In conclusion it can be stated that objective reasons
xist in support of the introduction of quality payments
or S&G milk. It is opportune, however, to define the
ptimal procedures and frequency of sampling and anal-
ses. The parameters which should be considered and
heir economic weight have to be established. At the
ame time it appears to be necessary to develop and
mprove the technical assistance given to breeders so
hat they can adopt the most suitable measures in order
o raise the quality of their milk within economic limits
nd potentials at the farm level.
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