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ABSTRACT

A basic diet of hay and concentrate, the latter supplemented with olive oil calcium soap (7% as fed) was given to 11
Massese ewes (group S) for a 3-month period, while a basic diet without the supplement was given to 11 control Massese
ewes (group C) during the same period. Fatty acid composition of milk produced from the 5th to the 16th week post-par-
tum was evaluated monthly.
In group S, the fatty acids C6:0, C8:0, C10:0, C12:0, C14:0, C14:1, C18:3n-6 and C20:3n-3 (P<0.01) decreased sig-
nificantly and C16:0, C18:1, total CLA, C20:0, C20:1, C20:2, C20:5n-3 (EPA), C23:0 (P<0.01) and C18:2 (P<0.05)
increased with respect to the control group C. This trend lead to a decrease in short-chain fatty acids (P<0.05), an
increase in unsaturated fatty acids (P<0.01), particularly MUFA, and an improved UFA/SFA ratio in group S (P<0.01). The
lactation phase also significantly influenced fatty acid composition: the unsaturated/saturated fatty acids ratio was high-
er at the end of the lactation period.
It can be concluded that the addition of protected olive oil fats to the diet of lactating ewes may improve fatty acid milk
composition. In addition, the final phase of production positively affects milk quality relative to human health.

Key words: Ewe’s milk, Olive oil calcium soap, Phase of lactation, Fatty acids.

RIASSUNTO
EFFETTO DEI SAPONI DI CALCIO DELL’OLIO DI OLIVA E DELLA FASE DI LATTAZIONE 

SULLA COMPOSIZIONE ACIDICA DEL LATTE DI PECORE MASSESI

Undici pecore di razza Massese sono state alimentate per tre mesi con una dieta a base di fieno e concentrato con aggiun-
ta di saponi di calcio dell’olio d’oliva (7% sul t.q.)(gruppo S). La stessa dieta di base, senza il supplemento, è stata for-
nita per lo stesso periodo ad altre 11 pecore Massesi di controllo (gruppo C). La composizione acidica del latte prodotto
dalla 5° alla 16° settimana dopo il parto è stata valutata mensilmente.
Nel latte del gruppo S sono diminuiti significativamente gli acidi grassi C6:0, C8:0, C10:0, C12:0, C14:0, C14:1, C18:3n-
6 e C20:3n-3 (P<0,01) ed aumentati il C16:0, il C18:1, il CLA totale, il C20:0, il C20:1, il C20:2, il C20:5n-3 (EPA), il
C23:0 (P<0,01) ed il C18:2 (P<0,05) rispetto al gruppo C: questo andamento ha determinato una diminuzione degli acidi
grassi a corta catena (P<0,05), un aumento degli acidi grassi insaturi, specialmente dei MUFA (P<0,01) ed un migliora-
mento del rapporto acidi grassi INS/SAT nel gruppo S (P<0,01). Anche il periodo di lattazione ha influito significativa-
mente sulla composizione acidica, portando ad un più alto valore il rapporto tra acidi grassi INS/SAT, alla fine della lat-
tazione.
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Si può concludere che l’utilizzazione di olii protetti nella dieta di pecore in lattazione può modificare positivamente la com-
posizione acidica del latte; inoltre la fase finale della produzione influisce positivamente sulla qualità del latte relativa-
mente alla salute umana. 

Key words: Latte ovino, Saponi di calcio dell’olio di oliva, Fase di lattazione, Acidi grassi.

Introduction

The nutritional quality of animal products is a
very important parameter, especially with regard
to the links between food and health, a vital
research field today. Modifying feeding practices
for dairy animals aims to increase the amount of
unsaturated fatty acids in milk fat. The interna-
tional medical-scientific world now holds saturat-
ed fatty acids partially responsible for some dis-
eases, especially those of a cardio-vascular nature
(Ney, 1991, Trevisi et al., 1992; Strata, 2000) and
ewe’s milk is particularly rich in these fatty acids.

Some important milk fatty acids, C20:5 n-3
(EPA), C22:6 n-3 (DHA), geometric and positional
isomers of C18:2 (CLA), - supplies of which are
limited in the human diet (Galli, 1999) - and the

increase in the unsaturated/saturated fatty acids
ratio have provoked considerable interest
(O’Donnel, 1989; Grummer, 1991; Bertoni and
Trevisi, 1999). They have been tested regarding
the use of animal nutritional strategies as possible
agents in human preventive medicine.

Although several Authors have shown that fat
supplement to the diet of ruminants affect milk
yield and composition (Storry, 1970; Storry et al.,
1980; Banks et al., 1990; Palmquist et al., 1993;
Perez Alba et al., 1997; Rotunno et al., 1998;
Antongiovanni et al., 2002; Chilliard et al., 2002),
contradictory results still exist due to the com-
plexity of factors involved in the synthesis and
control of fatty acids in milk.

Few data are available on the quality of fatty
acids in ewe’s milk. The aim of this study was to con-

Table 1. Composition of concentrate (% as fed).

Group C Group S

Corn grain 34 34
Soybean meal solv. ext.(44% CP) 17 17
Wheat middlings (4.5% CF) 4.65 4.65
Oat 14 14
Sunflower seed meal (28% CP) 13 13
Soft wheat coarse bran 6.50 6.50
Limestone 1.85 1.85
Calcium diphosphate 0.65 0.65
Common salt 0.65 0.65
Sodium bicarbonate 0.20 0.20
Mineral vitamine premix 0.50 0.50
Carob fruit 4 -
Lignum bisulfite 1.50 -
Bentonite 1.50 -
Liposal ® - 7

Group C: Control; Group S: Experimental.
CP: crude protein; CF: crude fiber.
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tribute to knowledge of the fatty acid composition of
ewe’s milk when animals are fed a supplement of
olive oil calcium soap (Liposal ®). The influence of
the lactation phase on milk was also considered.

Material and methods

Test project
The trial was carried out on individual milk

from twenty-two multiparous Massese ewes that
had experienced at least three lambings. All the
ewes delivered during the same week and partici-

pated in the study once lambs were weaned (about
30 days post-partum).

Ewes were subdivided into two homogeneous
groups of 11 subjects each and subjected to the fol-
lowing treatments: control group (C) (with a live
weight of 57.18 ± 9.60 kg and a milk yield of 0.91
± 0.42 kg, respectively) was fed a diet based on
alfalfa hay given ad libitum plus 1.5 kg of concen-
trates per day, while the experimental group (S)
(with a live weight of 60.91 ± 10.60 kg and a milk
yield of 1.18 ± 0.36 kg, respectively) was supple-
mented with 7% (as fed) of olive oil calcium soap
(Liposal ®).

The analytical composition of the concentrates
(Table 1), the chemical composition of the diets
(Table 2) and the fatty acid profile of the concen-
trates (Table 3) have also been reported.

The chemical composition of the diet was
determined according to AOAC methods (1984)
and to the procedures described by Goering and
Van Soest (1970).

After a 10-day adaptation period to the diets,
milk samples were collected during the morning
milking, every four weeks from the 5th to the 16th

week post-partum and subjected to fatty acid
analysis.

Chemical analysis of the milk
The chemical and rheological compositions of

milk have been previously reported (Martini et al.,
2000).

Table 2. Chemical composition of concentrate and hay (% on DM basis).

Group C Group S Alfalfa hay

Dry matter (DM) 91.07 91.89 92.64
Crude protein 20.40 19.37 17.96
Ether extract 2.69 4.19 3.63
Crude fibre 7.85 7.71 38.08
N-Free Extract 61.26 62.28 33.94
Ash 7.80 6.45 6.39
NDF 17.23 17.1 51.15
ADF 11 10.86 46.10
Cellulose 7.86 8.30 33.62
Hemicellulose 6.23 6.24 5.05
Lignin 2.49 1.78 11.93

Table 3. Fatty acid composition of the
concentrate (%).

Fatty acids Diet C Diet S

C8:0 0.058
C10:0 0.093 0.163
C12:0 1.034 3.208
C14:0 1.456 2.387
C16:0 23.632 22.981
C16:1 0.301 1.721
C18:0 8.080 11.019
C18:1 28.969 34.207
C18:2 33.668 21.354
C18:3 1.624 1.601
other 0.290 1.227

Least detectable value 0.05 %
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The acidic composition of the milk was deter-
mined using a Perkin Elmer Auto System gas
chromatography fitted with Omega Wax 320 capil-
lary column, FID type detector, and helium as gas
carrier, according to Secchiari et al., 2001.

A mixture of fatty acids standards (Sigma-
Aldrich) was used for the calibration and identifi-
cation of single peaks according to the relative
retention times.

Since the gas chromatographic analysis with a

30-m length column did not allow the separation
of cis and trans isomers, the sum of positional and
geometrical isomers of C18:1 and C18:2 (CLA) was
evaluated.

Statistical analysis 
The results were analyzed by means of the fol-

lowing mathematical model:
yijk = µ + αi + δij +βk + (αβ)ik + εijk
µ = general average;

Table 4. Fatty acid composition of milk (%): diet effect.

Group C Group S

Samples number 11 11

Fatty acids mean SE mean SE

C4:0 4.08 0.569 4.80 0.335
C6:0 3.94B 0.191 3.23A 0.163
C8:0 4.52B 0.144 2.96A 0.148
C10:0 12.28B 0.325 7.57A 0.320
C12:0 8.77B 0.275 6.06A 0.215
C14:0 14.70b 0.390 13.39a 0.340
C14:1 0.36B 0.013 0.23A 0.014
C15:0 1.19 0.045 1.07 0.056
C16:0 25.82A 1.261 30.23B 0.905
C16:1 2.04 0.414 2.19 0.191
C18:0 3.45 0.277 4.31 0.534
C18:1 (cis and trans) 12.53A 0.451 16.45B 0.801
C18:2n-6 3.59a 0.145 4.10b 0.168
C18:3n-6 0.13B 0.011 0.08A 0.008
C18:3n-3 0.67 0.034 0.71 0.044
Total CLA 0.73A 0.036 1.07B 0.046
C20:0 0.22A 0.016 0.40B 0.019
C20:1 0.08A 0.010 0.20B 0.014
C20:2 0.06A 0.011 0.08B 0.006
C20:3 0.13 0.014 0.17 0.012
C20:3n-3 0.26B 0.021 0.19A 0.009
C20:4n-6 0.00 0.003 0.00 0.002
C20:5n-3 (EPA) 0.12A 0.010 0.16B 0.011
C22:3n-6 0.02 0.005 0.02 0.006
C23:0 0.04A 0.005 0.07B 0.006
C24:0 0.15 0.011 0.14 0.011
C22:6n-3 (DHA) 0.07 0.007 0.09 0.009

Different letters on the same row correspond to significant differences (Capital letters: P<0.01; lower case letters: P<0.05).
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αi = effect of the i-th treatment (i = 1,…2);
δij = effect of the subject j within the treatment

group;
βk = effect of the k-th sampling time (k = 1,....4);
(αβ)ik = effect of the interaction;
εijk = casual residual effect.
Statistical analysis has been carried out with

JMP software, vers. 3.1.6.2., S.A.S. Institute
(1996).

Results and discussion

The treatment-sampling time interaction was
not statistically significant.

Dietary influence
In accordance with previous research carried

out on both sheep and cattle by other Authors
(Schauff e Clark, 1992; Schauff et al., 1992;
Salimei et al., 1992; Chilliard et al., 1993;
Palmquist et al.,1993; Perez Alba et al., 1997;
Rotunno et al., 1998), diet S led to a statistically
significant drop in fatty acids from C6:0 to C14:1
(Table 4); on the other hand, although palmitic
acid (C16:0) resulted higher (P<0.01) in group S,

according to Rotunno et al. (1998) and compared
with similar tests on sheep by other researchers
that used protective fat supplements (Grummer,
1991; Schauff et al., 1992; Chillard et al., 1993;
Todaro et al., 1997), this did not occur in the study
of Antongiovanni et al. (2002).

Stearic acid (C18:0) appeared to be higher in
group S; C18:1, with a preferential uptake from
the mammary gland (Grummer, 1991) and the
C18:2 resulted statistically higher in group S, in
accordance with similar trials carried out in rumi-
nants (Shauff et al., 1992; Trevisi et al., 1992;
Perez Alba et al., 1997). On the other hand in
group S, a statistically significant decrease was
recorded in the C18:3 n-6 (GLA) and C20:3 n-3
(P≤0.01).

Total CLA (geometric and positional isomers of
C18:2) percentage was statistically higher in
group S (P≤0.01); the same trend was observed for
the C20:0, C20:1, C20:2 and C20:5n-3 (EPA).

The decrease in the C6:0, C8:0 and C10:0 in
group S is not positive because these are consid-
ered hypocholesterolemic fatty acids by Jensen et
al. (1990), Grummer, (1991) and Ney (1991); on the
contrary, a drop in the C12:0 and C14:0 is positive

Table 5. Fatty acids in milk (%) by group of fatty acids: diet effect.

Group C Group S

Samples number 11 11

FA groups mean SE mean SE

SCFA 27.59b 1.181 21.96a 1.203
MCFA 49.87 1.365 50.61 1.449
LCFA 22.54 0.807 27.42 0.793

MUFA 15.01A 0.670 19.07B 0.810
PUFA 5.80A 0.200 6.68B 0.245

SFA 79.18B 0.756 74.25A 0.710
UFA 20.81A 0,756 25.75B 0.710
UFA/SFA 0.27A 0.013 0.35B 0.013

FA: fatty acids; SCFA: short-chain FA (C4-C10); MCFA: medium-chain FA (C12-C16); LCFA: long-chain FA (C>18); MUFA:
monounsaturated FA; PUFA: polyunsaturated FA; SFA: saturated FA (C4-C24); UFA: unsaturated FA (C14:1-C24:1).
Differents letters on the same row correspond to significant difference (Capital letters: P<0.01; lower case letters: P<0.05).

I.J.A.S.04_04_interni  21-12-2005  14:45  Pagina 357



MARTINI et al.

358 ITAL.J.ANIM.SCI. VOL. 3, 353-362, 2004

because they are hypercholesterolemic fatty acids
(Jensen et al., 1990; Grummer, 1991; Ney, 1991;
Trevisi et al., 1992). Palmitic acid content (C16:0),
higher in group S, is less cholesterolemic than lau-
ric (C12:0) plus myristic acid (C14:0) (Ney, 1991).
A positive effect is caused by the greater percent-
age of the C18:1 and C18:2 in group S, since they
reduce the cholesterol level in the blood and con-
tribute to the prevention of cardiovascular dis-
eases (Jensen et al., 1990; Hornstra, 1999).

The drop in C18:3 n-6 (GLA) in group S may be
considered a beneficial factor for human health
(Besler and Grimble 1993 a,b; Galli, 1999; Zambon
et al., 1999).

Bauman et al. (2001), Chilliard et al. (2001)
and Kelsey et al. (2003) have shown that diet
affects milk CLA; in our research as well, total
conjugated linoleic acid (CLA) was statistically
higher (P≤0.01) in the experimental diet. Recently
many researchers have focused their attention on

Table 6. Fatty acid composition of milk (%): effect of stage of lactation.

Sampling 1 Sampling 2 Sampling 3 Sampling 4

Samples number 22 22 22 22

Fatty acids average SE average SE average SE average SE

C4:0 4.61 0.353 5.09 1.089 4.03 0.313 4.04 0.544
C6:0 3.86 0.215 3.78 0.354 3.27 0.185 3.37 0.252
C8:0 3.99 0.268 4.01 0.265 3.45 0.278 3.39 0.252
C10:0 9.84 0.561 10.02 0.631 9.46 0.668 10.19 0.941
C12:0 7.49 0.451 7.69 0.433 7.56 0.453 6.73 0.501
C14:0 13.34a 0.508 13.87 0.521 15.27b 0.474 13.62ac 0.562
C14:1 0.33 0.028 0.28 0.024 0.29 0.024 0.27 0.015
C15:0 1.29B 0.084 1.20B 0.063 1.20B 0.042 0.78A 0.033
C16:0 27.37 1.284 29.07 2.175 29.31 1.418 26.42 1.380
C16:1 2.08 0.382 1.61 0.106 1.95 0.110 2,90 0.842
C18:0 5.10BCb 0.730 3.56ABa 0.739 2.54A 0.371 4.43B 0.332
C18:1 (cis and trans) 13.45A 0.836 12.44Aa 0.705 14.15Ab 0.587 18.49B 1.400
C18:2n-6 4.13B 0.240 4.15B 0.219 4.11B 0.197 2.94A 0.127
C18:3n-6 0.14B 0.016 0.09A 0.015 0.09A 0.015 0.10 0.011
C18:3n-3 0.73B 0.048 0.84B 0.053 0.74B 0.048 0.43A 0.023
Total CLA 0.83B 0.071 0.89B 0.043 1.09A 0.086 0.80B 0.057
C20:0 0.34B 0.028 0.35B 0.027 0.36B 0.035 0.19A 0.021
C20:1 0.14 0.025 0.12 0.018 0.14 0.025 0.17 0.017
C20:2 0.07a 0.015 0.06 0.010 0.05A 0.007 0.10Bb 0.014
C20:3 0.17 0.015 0.18 0.026 0.13 0.010 0.13 0.019
C20:3n-3 0.19A 0.011 0.27BCa 0.036 0.27Ca 0.019 0.19ABb 0.010
C20:5n-3 (EPA) 0.17B 0.019 0.15 0.016 0.14 0.012 0.11A 0.007
C22:3n-6 0.01A 0.006 --- 0.001 0.05B 0.009 --- 0.000
C23:0 0.06 0.010 0.06 0.009 0.06 0.006 0.05 0.011
C24:0 0.17B 0.014 0.15B 0.015 0.17B 0.013 0.08A 0.012
C22:6n-3 (DHA) 0.08Aab 0.011 0.07ABb 0.008 0.12Bc 0.013 0.05Aa 0.008

Different letters on the same row correspond to significant differences (Capital letters: P<0.01; lower case letters:
P<0.05).
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diene linoleic acid, as it has shown important
nutritional and health properties (Pariza et al.,
1985; Ha et al., 1990; Shulz et al., 1992 a,b; Lee et
al., 1994; Belury, 1995; Parodi, 1996; Banni et al.,
1999; Parodi, 1999; Secchiari et al., 2003). Despite
its low concentration, the significant increase
(P<0,01) in group S in eicosapentadienoic acid
(EPA) exerts a positive effect on human health as
a result of its anti-inflammatory and antitumoral
action (Galli, 1999).

Olive oil soaps supplementation determined a
statistical decrease in short chain fatty acids in
group S (P<0.05; Table 5) and a slight increase in
long chain ones, in accordance with the results of
other Authors (Pulina et al., 1990; Shauff et al.,
1992; Shauff and Clark, 1992; Sklan, 1992;
Rotunno et al., 1998). The increase (P<0.01) in
unsaturated fatty acids and particularly of MUFA
in milk from group S has potential benefits for
human health (Secchiari et al., 2003). The dietary
addition of Ca soap statistically decreased the
total saturated fatty acids (SFA) content in milk,
while the unsaturated (UFA) increased (P<0.01),
as observed by Rotunno et al. (1998) and
Antongiovanni et al. (2002). Hence, the unsaturat-

ed/saturated fatty acids ratio significantly
increased, thus contributing to the prevention of
cardiovascular diseases (Muscio and Cianci, 1992).

Influence of the phase of lactation
Few data regarding the influence of the lacta-

tion phase on the fatty acid composition of rumi-
nant milk are available (Jensen et al., 1990;
Grummer, 1991; Palmquist et al., 1993; Casoli et
al., 1994; Martini et al., 1998).

The acidic composition of milk in relation to
the phase of lactation is shown in Table 6.

Among fatty acids with statistically significant
differences, C18:1 showed an increase during the
last three periods observed, while C20:5n-3 (EPA)
decreased between the first and the last period.
The C14:0, the total CLA, the C20:3n-3, the
C22:3n-6, and the C22:6n-3 (DHA) increased at
the third sampling; an opposite trend was noted
for the C18:0. At the final sampling, a decrease in
C15:0, the C18:2, the C18:3 n-3, C20:0 and C24:0
was observed, while the C20:2 increased.

The fatty acids classified by group are shown
in Table 7. Short chain fatty acids increased sig-

Table 7. Groups of fatty acids in milk (%): effect of stage of lactation.

Sampling 1 Sampling 2 Sampling 3 Sampling 4

Samples number 22 22 22 22

FA groups average SE average SE average SE average SE

SCFA 22.30A 0.856 22.90A 1.584 20.21A 1.113 34.27B 1.708
MCFA 51.91B 1.205 53.71B 1.978 55.59B 1.253 39.21A 1.033
LCFA 25.79 1.078 23.39 1.205 24.20 0.947 26.52 1.658

MUFA 16.01Aab 0.844 14.44Aa 0.774 16.53Ab 0.632 21.83B 1.571
PUFA 6.52B 0.337 6.71B 0.286 6.79B 0.308 4.85A 0.179

SFA 77.47 0.863 78.84B 0.902 76.68b 0.814 73.31Aa 1.709
UFA 22.53 0.863 21.16A 0.902 23.32a 0.814 26.68Bb 1.709
UFA/SFA 0.29A 0.013 0.27A 0.014 0.31 0.014 0.38B 0.032

FA: fatty acids; SCFA: short-chain FA (C4-C10); MCFA: medium-chain FA (C12-C16); LCFA: long-chain FA (C≥ 18); MUFA,
monounsaturated FA; PUFA: polyunsaturated FA; SFA, saturated FA (C4-C24); UFA: unsaturated FA (C14:1-C24:1).
Different letters on the same row correspond to significant differences (Capital letters: P<0.01; lower case letters: P<0.05).
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nificantly (P<0.01) at the end of lactation, with a
detrimental effect (P<0.01) on the medium-chain
fatty acids. At the fourth sampling the ratio
UFA/SFA was also higher (P<0.01) and the MUFA
increased to the detriment of the PUFA (P<0.01):
this trend is desirable since it reduces the possi-
bility of fatty acid oxidation (Ulbricht and
Soutgate, 1991).

Conclusions

In conclusion, we can confirm that for dairy
ewes, feeding practices may by used to modify the
fatty acid profile of milk. In particular, the inclu-
sion of olive oil calcium soap in the diet of ewes
improves the unsaturated/saturated ratio (as rec-
ommended by the WHO for human health), as well
as total CLA and EPA contents. Also, the phase of
lactation significantly and positively influences
milk fatty acid composition, favouring the
improvement of the UFA/SFA ratio at the end of
lactation.

Considering that ewe’s milk is used for cheese
making, we intend to carry out further research in
order to evaluate possible modifications of fatty
acid composition of cheese compared with that of
milk.

This work was partially supported by the
Ministry of the University and the Scientific and
Technologic Research (MURST, Italy)

REFERENCES

ANTONGIOVANNI, M., SECCHIARI, P., MELE, M., BUCCIONI,
A., SERRA, A., FERRUZZI, G., RAPACCINI, S., PISTOIA,
A., 2002. Olive oil calcium soaps and rumen pro-
tected methionine in the diet of lactating ewes:
effect on milk quality. Ital. J. Anim. Sci. 1: 55-63.

AOAC, 1984. Official methods of analysis. 15th ed.
Association of Official Analytical Chemist.
Washington, DC, USA.

BANKS, W., CLAPPERTON, J.L., GIRDLER, A.K., 1990.
Effect of dietary unsaturated fatty acids in vari-
ous forms on the de novo synthesis of fatty acids
in the bovine mammary gland. J. Dairy Res. 57:
179-85.

BANNI, S., ANGIONI, S., CARTA, G., CASU, V., MURRI,
M.E., MELIS, M.P., DESSÌ, M.A., VARGIOLU, S.,

CORUNGIU, F.P., 1999. Modificazioni nel metaboli-
smo lipidico indotte dall’apporto alimentare del-
l’acido linoleico a dieni coniugati (CLA) in
relazione alla sua attività anti-cancerogena. Prog.
Nutr. 1 (3-4): 38-48.

BAUMAN, D.E., CORL, B.A., BAUMGARD, L.H., GRIINARI,
J.M., 2001. Conjugated linoleic acid (CLA) and the
dairy cow. In: J. Wiseman (ed.) Recent Advances in
Animal Nutrition. Nottingham University Press,
Champaign, IL, USA, pp 221-250.

BELURY, M.A., 1995. Conjugated dienoic linoleate: a
polyunsaturated fatty acid with unique chemical
properties. Nutr. Rev. 53: 83-89.

BERTONI, G., TREVISI, E., 1999. Acidi grassi polinsaturi
omega 3 e nutrizione animale. Prog. Nutr. 1(3-4):
19-29.

BESLER, H.T., GRIMBLE, R.F., 1993a. Modulatory effects
of olive and maize oils and butter on the response
of protein synthesis in liver, lung, kidney to endo-
toxin in rats. Proc. Nutr. Soc. 52: 336A.

BESLER, H.T., GRIMBLE, R.F., 1993b. Effects of endotox-
in on metabolic responses of rats fed with olive
and maize oils and butter. Proc. Nutr. Soc. 52:
340A.

CASOLI, C., DURANTI, E., PAUSELLI, M., BOS, G.,
MORGANTE, M., RANUCCI, S., 1994. Qualità del latte
di pecore primipare al pascolo. 2. Composizione
acidica del grasso. pp 463-466 in Proc. 11th Nat.
Congr. SIPAOC, Perugia, Italy.

CHILLIARD, Y., DOREAU, M., GAGLIOSTRO, G., ELMEDDAH,
Y., 1993. Addition de lipides protègès (encapsulès
ou savons de calcium) à la ration de vaches lai-
tières. Effets sur le performances et la composi-
tion du lait. Prod. Anim. 6: 139-150.

CHILLIARD, Y., FERLAY, A., DOREAU, M., 2001. Effect of
different types of forages, animal fat or marine
oils in cow’s diet on milk fat secretion and compo-
sition, especially conjugated linoleic acid (CLA)
and polyunsaturated fatty acid. Livest. Prod. Sci.
70: 31-48.

CHILLIARD, Y., FERLAY, A., LOOR, J., ROUEL, J., MARTIN,
B., 2002. Trans and conjugated fatty acids in milk
from cows and goats consuming pasture or receiv-
ing vegetable oil or seed. Ital. J. Anim. Sci. 1: 243-
254.

GALLI, C., 1999. Recenti acquisizioni sugli effetti
favorevoli degli acidi grassi polinsaturi n-3 sulla
salute umana. Prog. Nutr. 1 (3-4): 15-18.

GOERING, H. K., VAN SOEST, P.J., 1970. Forage fiber
analysis (apparatus, reagents, procedures and
some applications). Agric. Handbook n. 379, Agric
Res. Service, USDA, Washington, DC, USA.

GRUMMER, R.R., 1991. Effect of feed on the composi-
tion of milk fat. J. Dairy Sci. 74: 3244-3257.

HA, Y.L., STORKSON, J., PARIZA, M.W., 1990. Inhibition
of benzo(a)pyrene-induced mouse forestomach
neoplasia by conjugated dienoic derivates of
linoleic acid. Cancer Res. 50: 1097-1101.

I.J.A.S.04_04_interni  21-12-2005  14:45  Pagina 360



CALCIUM SOAPS IN EWE’S MILK

ITAL.J.ANIM.SCI. VOL. 3, 353-362, 2004 361

HORNSTRA, G., 1999. Lipids in functional foods in rela-
tion to cardiovascular disease. Lipids. 12:S456-
S466.

JENSEN, R.G., FERRIS, A.M., LAMMI-KEFFE, C.J.,
HENDERSON, R.A., 1990. Lipids of bovine and
human milks: a comparison. J. Dairy Sci. 73: 223-
240.

KELSEY, J.A., CORL, B.A., COLLIER, R.J., BAUMAN, D.E.,
2003. The effect of breed, parity, and stage of lac-
tation on conjugated linoleic acid (CLA) in milk
fat from dairy cows. J. Dairy Sci. 86: 2588-2597.

LEE, K.N., KRITCHEVSKY, D., PARIZA, M.W., 1994.
Conjugated linoleic acid and atherosclerosis in
rabbits. Atherosclerosis. 108: 19-25.

MARTINI, M., BENVENUTI, M., GIULIOTTI, L., BOTTONI,
L., CECCHI, F., VERITÀ, P., 1998. Influence of fish
meal and drawing time on the quality of Massese
ewe’s milk: preliminary research. Agric. Medit.
129: 1-7.

MARTINI, M., RAPACCINI, S., SCOLOZZI, C., TACCINI, F.,
VERITÀ, P., 2000. Effetto dei saponi di calcio dell’o-
lio di oliva sulle caratteristiche chimiche e reo-
logiche del latte di pecora. pp 237-244 in Proc. 35th

Int. Symp. Zootecnia Ragusa Ibla (RG), Italy.
MUSCIO, A, CIANCI, D., 1992. Ovini e caprini di qualità

nel futuro dell’economia nazionale. pp 42-72 in
Proc.10th Nat. Congr. SIPAOC, Vieste (FG), Italy.

NEY, D.M., 1991. Symposium: the role of the nutri-
tional and health benefits in the marketing of
dairy products. Potential for Enhancing the
Nutritional Properties of Milk Fat. J. Dairy Sci.
74: 4002-4012.

O’DONNEL, J.A., 1989. Milk fat technologies and mar-
kets: a summary of the Wisconsin milk marketing
board (1988), milk fat roundtable. J. Dairy Sci. 72:
3109-3112.

PALMQUIST, D.L., BEAULIEU, A.D., BARBANO, D.M., 1993.
Feed and animal factors influencing milk fat com-
position. J. Dairy Sci. 76: 1753-1771.

PARIZA, M.W., HARGRAVES, W.A., 1985. A beef derived
mutagenesis modulator inhibits initation of
mouse epidermal tumors by 7, 12-dimethylbenzen
(a)anthracene. Carcinogenesis 6: 591-593.

PARODI, P.W., 1996. Milk fat components: possible
chemopreventive agents for cancer and other dis-
eases. Aust. J. Dairy Technol. 51: 24-32.

PARODI, P.W., 1999. Conjugated linoleic acid and other
anticarcinogenic agents of bovine milk fat. J.
Dairy Sci. 82: 1339-1349.

PEREZ ALBA, M.L., DE SOUZA CAVALCANTI, S., PEREZ

HERNANDEZ, M., MARTINEZ MARIN, A., FERNANDEZ

MARIN, G., 1997. Calcium soaps of olive fatty acids
in the diets of Manchega dairy ewes: effects on
digestibility and production. J. Dairy Sci. 80: 3316-
3324.

PULINA, G., SERRA, A., CAMPUS, R.L., PAPOFF, C.M.,
1990. Effetto della grassatura e della concentra-
zione proteica della razione sulla composizione

acidica del grasso del latte di pecore di razza
Sarda. pp 88-89 in Proc. 9th Nat. Congr. SIPAOC,
Grado (GO), Italy.

ROTUNNO, T., SEVI, A., DI CATERINA, R., MUSCIO, A.,
1998. Effects of graded levels of dietary rumen-
protected fat on milk characteristics of Comisana
ewes. Small Rum. Res. 30: 137-145.

SALIMEI, E., SAVOINI, G., TOPPINO, P., CONTARINI, G.,
DELL’ORTO, V., 1992. Aumento della concentrazio-
ne energetica di razioni per bovine da latte trami-
te l’utilizzazione di saponi di calcio: effetti sulla
produzione e sulla qualità del latte. Zoot. Nutr.
Anim. 18: 241-250.

SCHAUFF, D.J., CLARK, J.H., 1992. Effects of feeding
diets containing calcium salts of long-chain fatty
acids to lactating dairy cows. J. Dairy Sci. 75:
2990-3002.

SCHAUFF, D.J., CLARK, J.H. DRACKLEY, J., 1992. Effects
of feeding lactating dairy cows diets containing
extruded soybeans and calcium salts of long-chain
fatty acids. J. Dairy Sci. 75: 3003-3019.

SECCHIARI, P., MELE, M., SERRA, A., BUCCIONI, A.,
ANTONGIOVANNI, M., FERRUZZI, G., PAOLETTI F.,
ANDREOTTI, L., 2001. Conjugated linoleic acid
(CLA) content in milk of three dairy sheep breeds.
Prog. Nutr. 3 (4): 37-42.

SECCHIARI, P., MELE, M., SERRA, A., 2003. Functional
foods nella produzione convenzionale e biologica.
In: ASPA Commission. Produzioni biologiche e
qualità dei prodotti. Università degli Studi di
Perugia ed., Perugia, Italy, pp 276-304.

SHULTZ, T.D., CHEW, B.P., SEAMAN, W.R, 1992a.
Differential stimulatory and inhibitory responses
of human MCF-7 breast cancer cells to linoleic
acid and conjugated linoleic acid in culture.
Anticancer Res. 12: 2143-2146.

SHULTZ, T.D., CHEW, B.P., SEAMAN, W.R., LUEDECKE,
L.O., 1992b. Inhibitory effect of conjugated dienoic
derivatives of linoleic acid and betacarotene in
vitro growth of human cancer cells. Cancer Lett.
63: 125-133.

SKLAN, D., 1992. A note on production responses of lac-
tating ewes to calcium soap of fatty acid. Anim.
Prod. 55: 288-291.

STORRY, J.E., 1970. Ruminant metabolism in relation
to the synthesis and secretion of milk fat. J. Dairy
Res. 37: 139-164.

STORRY, J.E., BRUMBY, P.E., DUNKLEY, W.L., 1980.
Influence of nutritional factors on the yield and
content of milk fat: protected non polynsaturated
fat in the diet. In: IDF (ed.) Factor Affecting the
Yields and Contents of Milk Constituents of
Commercial Importance, Bulletin 125,
International Dairy Federation, Brussels,
Belgium, pp 105-125.

STRATA, A., 2000. Alimentazione e salute. Scenario
attuale e prospettive future. Prog. Nutr. 2 (1): 3-
11.

I.J.A.S.04_04_interni  21-12-2005  14:45  Pagina 361



MARTINI et al.

362 ITAL.J.ANIM.SCI. VOL. 3, 353-362, 2004

TODARO, M., PORTOLANO, B., GIACCONE, P., 1997.
Variazione della composizione acidica del grasso
del latte di pecore alimentate con grassi rumino-
protetti. Proc. 51st Nat. Congr. SISVet, Bologna,
Italy, 51: 427-428.

TREVISI, E., PICCIOLI CAPPELLI, F., CALAMARI, L.,
BERTONI, G., 1992. Tecniche alimentari per miglio-
rare le caratteristiche nutrizionali del grasso del
latte. pp 205-211 in Proc. 27th Int. Symp.
Zootecnia, Milano, Italy.

ULBRICHT, T.L.V., SOUTGATE, D.A.T., 1991. Coronary
heart disease: seven dietary factors. Lancet. 338:
985-992.

ZAMBON, S., MARIN, R., CREPALDI, G., 1999. Acidi grassi
polinsaturi n-3 e malattie cardiovascolari. Prog.
Nutr. 1(3-4): 59-65.

I.J.A.S.04_04_interni  21-12-2005  14:45  Pagina 362


