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1 modulazione della degradazione ruminale delle proteine
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1 modulazione della degradazione ruminale delle proteine



La capacità dei tannini di diminuire la degradabilità ruminale delle 
proteine dipende da: 
 
Tipo di tannini (condensati vs. idrolizzabili) 
Quantità di tannini utilizzati (effetti più evidenti sopra 1% della dieta) 
Grado di polimerizzazione (monomeri e dimeri non efficienti) 
Tipo di monomeri (acido tannico più efficiente dell’acido gallico) 
Sensibilità delle popolazioni microbiche (capacità dei tannini di 

complessare enzimi proteolitici). 
 
Per questo motivo in letteratura alcuni studi non evidenziano effetti sulla 
produzione di latte e di proteina. 
Più consistenti i dati relativi agli effetti sull’escrezione azotata 
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a b s t r a c t

Tannins are bioactive compounds able to interfere with protein and lipid metabolism in the rumen, by
forming undegradable complexes with dietary proteins and by modulating several bacterial activities,
including the biohydrogenation of polyunsaturated fatty acids. The aim of this trial was to study the
effect of dietary supplementation with chestnut hydrolysable tannin extract on ewes milk yield and
quality. Ninety-six multiparous Sarda ewes in their mid-lactation phase were allotted to two homoge-
neous groups (control group, C group; group fed concentrate supplemented with chestnut tannin extract,
CHE group), each of 48 animals, for a feeding trial. Animals of both groups grazed 8 h per day on the same
pasture based on a mixture of Lolium multiflorum, Avena sativa and Trifolium repens (1:1:1). The two diets
differed only in their concentrate supplement. The control group received 450 g/head per day of a con-
centrate feed without chestnut tannin extract, whereas the CHE group received 500 g/head per day of
a concentrate feed formulated with the same ingredients of the control concentrate plus 80.0 g/kg DM
of chestnut tannin extract. The amounts of concentrate offered to the animals of both groups were cal-
culated in order to obtain isoproteic and isoenergetic dietary treatments considering the expected DM
intake of animals. The inclusion of chestnut tannin in the concentrate resulted in a greater production
of milk (+18.64%; P < 0.001). Moreover, no differences in casein fraction profile between milks from both
groups were found while the casein index was greater (P = 0.034) in milk from ewes fed CHE than milk
from ewes fed C. As regard fatty acid composition, milk from CHE group had a greater concentration of
omega-3 fatty acids if compared to milk from C group (alpha-linolenic acid: 2.18 vs 2.57 g/100 g of total
lipids in C and CHE group, respectively), whereas the percentage of CLA and of C18:1 trans11 in milk fat
from CHE group was smaller (CLA: 2.20 vs 1.85 g/100 g of total lipids, in C and CHE group, respectively
with P = 0.001; C18:1 trans11: 3.89 vs 3.57 g/100 g of total lipids in C and CHE group, respectively with
P = 0.001). The use of practical doses of CHT in the diet of grazing ewes may improve the response to
dietary linseed supplementation, resulting in milk with a greater concentration of alpha-linolenic acid.

© 2015 Elsevier B.V. All rights reserved.

Abbreviations: ADF, acid detergent fiber; ADL, acid detergent lignin; NDF, neutral
detergent fiber assayed with heat stable amylase and expressed inclusive of residual
ash; BH, biohydrogenation; C, control concentrate; CHE, experimental concentrate;
CHT, chestnut tannin; C group, control group; CHE group, experimental group; CI,
casein index; CLA, conjugated linoleic acid; DM, dry matter; DMI, dry matter intake;
FA, fatty acid; FCM, fat corrected milk; !-LNA, alpha-linolenic acid; LA, linoleic acid;
PUFA, polyunsaturated fatty acids.

∗ Corresponding author. Fax: +39 055321216.
E-mail address: arianna.buccioni@unifi.it (A. Buccioni).

1. Introduction

In the Mediterranean area, during the early spring, the diet of
lactating ewes is almost exclusively based on pasture, which is par-
ticularly rich in highly fermentable carbohydrates and proteins. In
some cases, this feeding regimen is associated with an increase of
urinary nitrogen losses and of elevate concentrations of urea in milk
and blood, which, in turn, may be associated with decreased health
status of sheep (Morgante, 2004). On the other hand, grazing is also
usually associated with great contents of conjugated linoleic acid
(CLA) and alpha-linolenic acid (!-LNA) in milk fat, especially in the
early vegetative phase of pasture (Mele, 2009; Nudda et al., 2005).

http://dx.doi.org/10.1016/j.smallrumres.2015.07.021
0921-4488/© 2015 Elsevier B.V. All rights reserved.



3 riduzione della produzione di metano



3 riduzione della produzione di metano



ALTRI EFFETTI

CONTROLLO 
DELLE AFFEZIONI 

ENTERICHE

MIGLIORAMENTO DELLA 
STABILITA’ OSSIDATIVA 

DEI PRODOTTI



massima efficacia all’8% della dieta contro Haemoncus contortus (nematode)



DIARREE NEONATALI NEI VITELLI
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was used: fecal consistency was scored as 1 when firm, 
2 when soft or of moderate consistency, 3 for runny or 
mild diarrhea, 4 for watery and profuse diarrhea, and 
5 when highly watery (Larson et al., 1977; Magalhães 
et al., 2008). In the L-CPE experiment, a score of 1 
to 4 was conducted, and scores of 5 were omitted due 
to the difference in diarrhea intensity. We considered 
the calves to have clinical diarrhea if a calf was scored 
≥3. The duration of diarrhea and its intensity were 
inspected in a blinded manner by 3 well-trained work-
ers, working under the inspection of the veterinarian. 
The duration of diarrhea was determined during the 
period of score ≥3. The CPE of the pomegranate culti-
var ‘Wonderful’ was supplied by Gan Shmuel Food Ltd. 
(Gan-Shmuel, Israel). Nutritional and chemical values 
of CPE (percent of DM) were: DM = 45%, CP = 2%, 
ash = 5%, total polyphenols (determined by Folin Cio-
calteau reagent and expressed as gallic acid equivalent) 
= 10%, total punicalagins = 3.3%, ellagic acid = 0.2%, 
and pH = 3.2. The final extract was standardized to 
ensure uniform and constant DM content (Shabtay et 
al., 2012). The CPE contained 0.75 g/L of sorbate as a 
preservative and was kept refrigerated at 4°C.

Statistical analysis was performed using SPSS for 
Windows (version 17.0). Homogeneity of variances was 
assessed using Levene’s test and normality of distribu-
tion was tested with the Kolmogorov-Smirnov test. The 
FOC data in both experiments were not distributed 
normally, so a square-root (+1) transformation was 
performed for the H-CPE and L-CPE experiments. The 
difference of FOC between groups was tested on the 
average transformed FOC of all days between groups. 
All other parameters were distributed normally. Diar-
rhea intensity scores were tested on the mean score of 
all sampled days among groups using a Student t-test. 
Average daily gain at weaning, weight gain at 14 d 
of age, and morbidity duration were also statistically 
evaluated using a Student t-test. Data are presented as 
means ± SEM. Statistical significance was declared at 
P ≤ 0.05.

In the H-CPE experiment, total FOC throughout all 
of the sampling days in the treatment group was half of 
that in the control group (58.7 and 128.7 million eggs/g 
of feces, respectively). The average daily FOC for the 
entire sampling period was 2,937.3 ± 477.3 and 6,141.5 
± 1,079.8 thousand eggs/g of feces, in the treatment 
and control groups, respectively (P = 0.05; Figure 1A). 
The diarrhea intensity showed a similar pattern to that 
of the daily FOC. In each of the sampling days diar-
rhea was more intensive in the control group, and the 
mean diarrhea intensity was 2.6 ± 0.1 and 1.6 ± 0.1 for 
the control and H-CPE calves, respectively (P < 0.001; 
Figure 1B). In the L-CPE trial, no difference in oocyst 
shedding between groups was observed; however, the 

mean intensity of diarrhea for all sampled days was 2.4 
± 0.1 and 1.8 ± 0.08 for the control and L-CPE calves, 
respectively (P < 0.001).

Duration of diarrhea in the first experiment, in which 
calves received 3.75% of an extract that contained 
10% polyphenols (H-CPE experiment), was 4.65 ± 0.3 
and 2.8 ± 0.3 d for the control and treatment groups, 
respectively (P < 0.001). Nevertheless, when consum-
ing only 0.6% CPE in the milk, diarrhea duration was 
lower compared with the control, as the mean duration 
of disease was 4.95 ± 0.5 and 3 ± 0.4 in the control and 
treatment groups, respectively (P = 0.003).

Average daily gain from calving to weaning in the 
H-CPE experiment was 0.46 ± 0.04 (n = 10) and 0.40 
± 0.03 (n = 8) kg for males (P = 0.2) and 0.37 ± 0.05 
(n = 6) and 0.52 ± 0.07 (n = 8) for females (P = 0.1), 
for the treatment and control groups, respectively. The 
ADG for L-CPE at weaning was 0.37 ± 0.03 (n = 8) 
and 0.45 ± 0.04 (n = 10) kg for males (P = 0.2) and 
0.36 ± 0.02 (n = 11) and 0.37 ± 0.04 (n = 9) in females 
(P = 0.7), for the treatment and control groups, respec-

Figure 1. (A) Cryptosporidium fecal oocyst count in thousand eggs 
per gram (epg; P = 0.05) and (B) diarrhea intensity rank (P < 0.001) 
between 5 and 13 d of age, following specimen collection in control (n 
= 20) and treatment (n = 20) groups. The experiment was conducted 
using a 3.75% concentrated pomegranate peel extract. Data are pre-
sented as mean ± SE; diarrhea intensity rank: 1 = firm, 5 = highly 
watery.
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The aim of the present study was to evaluate the effect of the inclusion of stoned olive cake and rolled linseed in a concentrate-
based diet for lambs on the fatty-acid composition of polar and non-polar intramuscular lipids of the longissimus dorsi muscle.
To achieve this objective, 32 Appenninica lambs were randomly distributed into four groups of eight lambs each and were fed
conventional cereal-based concentrates (diet C); concentrates containing 20% on a dry matter (DM) basis of rolled linseed
(diet L); concentrates containing 35% DM of stoned olive cake (diet OC); and concentrates containing both rolled linseed
(10% DM) and stoned olive cake (17% DM; diet OCL). The concentrates were administered together with grass hay at a 20 : 80
forage : concentrate ratio. Growing performances and carcass traits were evaluated. The fatty-acid composition was analysed in the
total intramuscular lipids, as well as in the polar and neutral lipids. The average feed intake and the growth performance of lambs
were not affected by the dietary treatments, as a consequence of similar nutritional characteristics of the diets. The inclusion of
rolled linseed in the L and OCL diets increased the content of C18:3 n-3 in intramuscular total lipids, which was threefold higher in
meat from the L lambs and more than twofold higher in meat from the OCL lambs compared with the C and OC treatments. The
n-6 : n-3 ratio significantly decreased in the meat from lambs in the L and OCL groups, reaching values below 3. The L treatment
resulted in the highest level of trans-18:1 fatty acids in the muscle. Regardless of the dietary treatment, the t10-18:1 was the major
isomer, representing 55%, 45%, 49% and 45% of total trans-18:1 for C, L, OC and OCL treatments, respectively. Neutral lipids
from the OC-fed lambs contained the highest amount of c9-18:1 (more than 36% of total fatty acids); however, the content of
c9-18:1 did not differ between the OC and C lambs, suggesting an intensive biohydrogenation of dietary c9-18:1 in the case of
OC treatment. The highest content of c9,t11-18:2 was detected in the intramuscular fat from the L-fed lambs, followed by the
OCL treatment. A similar trend was observed in the neutral lipid fraction and, to a lower extent, in the polar lipids.

Keywords: lamb, fatty acids, olive cake, linseed, intramuscular fat

Implications

Rolled linseed improved the fatty-acid composition of intra-
muscular lipids towards a healthier profile, by promoting the
deposition of polyunsaturated fatty acids and by improving
the n-6 : n-3 ratio, either alone or together stoned olive cake.
In the last case, a reduction in the feeding cost may also be
achieved. Finally, compared with a conventional cereal-
based concentrate diet, the inclusion of up to 35% of stoned
olive cake in the diet did not have detrimental effects on the

growing and slaughtering performances and had minor
effects on the intramuscular fatty-acid composition.

Introduction

The fatty-acid composition of intramuscular lipids from
intensively reared lambs is characterized by high levels of
saturated fatty acids (SFA) and low levels of unsaturated
fatty acids (especially polyunsaturated fatty acids (PUFA))
(Berthelot et al., 2010). These characteristics are because
of the biohydrogenation activity of rumen bacteria, which† E-mail: marcello.mele@unipi.it
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Dietary olive cake reduces the oxidation of lipids, including cholesterol, in lamb meat
enriched in polyunsaturated fatty acids
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Over 40 days, lambs were fed: concentrate (C), concentrate containing 20% linseed (L), concentrate
containing 35% olive cake (OC), or concentrate containing 10% linseed and 17% olive cake (OCL). The polyun-
saturated fatty acids (PUFA) and peroxidation index (PI) in phospholipids were increased by the L and OCL
treatments (P=0.007 and P=0.003, respectively). The OC and OCL diets increased the concentration of to-
copherol in muscle (Pb0.001). Compared to the OC and OCL diet, the L diet increased fatty acid oxidation,
measured as conjugated dienes (CD; P=0.003), peroxides (PV; Pb0.001) and TBARS (P=0.002) in minced
muscle over 11 days of storage in high-oxygen atmosphere. Also, the L diet increased (Pb0.001) the levels
cholesterol oxidation products (COPs). In conclusion, feeding olive cake improved the oxidative stability of
lamb meat and the combination of olive cake and linseed improved the fatty acid composition of meat with-
out compromising its oxidative stability.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

One of the main challenges in marketing meat is the retention of
quality during storage and retail display by delaying the oxidative de-
terioration of muscle components, such as fatty acids and cholesterol,
which compromises the sensory and nutritional quality of meat
(Faustman, Sun, Mancini, & Suman, 2010; Hur, Park, & Joo, 2007).
The oxidative stability of meat lipids is dependent on the balance
between muscle antioxidant and pro-oxidant components. Muscle
antioxidants comprise endogenous antioxidant systems, as well as
molecules of dietary origin, such as tocopherols, carotenoids and
others (Descalzo & Sancho, 2008). Conversely, polyunsaturated fatty
acids (PUFA), especially those in the phospholipid fraction of cell
membranes, are highly oxidizable substrates and may act as pro-
oxidants (Morrissey, Sheehy, Galvin, Kerry, & Buckley, 1998). The
diet of animals can significantly affect the inherent susceptibility of
meat lipids to oxidative deterioration, bymodifying both the antioxidant
and the pro-oxidant components of muscle. Intensive concentrate-
based feeding systems generally provide low amounts of dietary antiox-
idants, thus resulting in meat products characterized by a high suscepti-
bility to oxidative deterioration compared to extensive pasture-based

production systems (Luciano et al., 2012). The supplementation of
concentrate-based diets with sources of PUFA, such as linseed, has
been proposed as a strategy to increase the concentration of beneficial
fatty acids, especially highly unsaturated n-3 fatty acids, in muscle
from different ruminant species. For example, Noci, French, Monahan,
and Moloney (2007) observed a higher concentration of PUFA in intra-
muscular lipids from grazing cattle supplemented with 15% linseed oil.
Similar results were obtained in lambs by supplementing concentrate-
based diets with 6% linseed oil or 17.9% linseed (Jerónimo, Alves,
Prates, Santos-Silva, & Bessa, 2009; Moloney, Kennedy, Noci, Monahan,
& Kerry, 2012). However, feeding sources of PUFA without im-
plementing adequate antioxidant interventions in parallel may be dele-
terious in terms of the oxidative stability of meat (Jacobsen, Let, Nielsen,
& Meyer, 2008).

Meat production in Europe faces several challenges linked to in-
creased production costs, competition from cheaper imports and ad-
hering to strict regulations applying to the entire production chain.
In this context, the promotion of sustainable and safe production sys-
tems that deliver high-quality products is encouraged. Low-input
strategies in small ruminants farming can be implemented by using
alternative feeding resources, such as agri-industrial by-products,
which often contain remarkable amounts of bioactive molecules
able to positively affect meat quality (Vasta & Luciano, 2011). In
Mediterranean areas, the olive oil industry produces substantial
amounts of by-products, with one of the most important being the
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Polifenoli oliva: effetti della sansa denocciolata sulla 
stabilità ossidativa della carne di agnello

Fig. 2. Effect of the dietary treatment (C, L, OC, OCL) and time of storage (Days 0, 4, 7, 11) on the concentration of conjugated dienes (CD; Figure 2a), on the peroxide value (PV; Figure 2b)
and on the TBARS values (Figure 2c) in meat stored in modified atmosphere (O2:CO2=80%:20%) at 4 °C. Values are means plus standard deviations. a,b,cWithin each day of storage,
different superscripts indicate differences between dietary treatments (P≤0.05). x,y,zWithin each dietary treatment, different superscripts indicate differences between days of storage.
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TBARS

Fig. 3. Effect of the dietary treatment (C, L, OC, OCL) and time of storage (Days 0, 4, 7, 11) on the concentration of 7 ketocholesterol (7-KC; Figure 3a), of 7β-hydroxycholesterol
(7β-HC; Figure 3b) and on the cholesterol oxidation rate (Ch-OR; Figure 3c) measured in meat stored in modified atmosphere (O

2
:CO

2
=80%:20%) at 4 °C. Values are

means plus standard deviations. a,b,cWithin each day of storage, different superscripts indicate differences between dietary treatments (P≤0.05). w,x,y,zWithin each dietary
treatment, different superscripts indicate differences between days of storage.
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Polifenoli oliva: effetti della sansa denocciolata sulla stabilità 
ossidativa della carne di agnello
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STATO DI OSSIDAZIONE DEL COLESTEROLO 
C Sa OG

Colesterolo 49.04 46.62 35.99

7α-OH 994.65A 25.02B 329.71AB

7β-OH      860,8A 16.91B 48.22B

7-cheto 3738.03 3413.30 2350.85

Totale COPs 4846.86 3549.85 2680.56

Cops/col (%) 8.70 7.55 7.83
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L’utilizzo di sostanze polifenoliche nell’alimentazione dei ruminanti 
può portare ad effetti positivi dal punto di vista:

Ø  Produttivo
Ø  Qualità dei prodotti
Ø  Impatto ambientale

Ø  Benessere degli animali
GLI EFFETTI DIPENDONO DAL TIPO DI SOSTANZA 

UTILIZZATA DAL SUO GRADO DI POLIMERIZZAZIONE E 
COMPLESSITA’ E DALLA DOSE DI UTILIZZO

q Alcuni effetti sono ben noti e ripetibili (migliore utilizzo dell’azoto, 
diminuzione escrezione azotata), altri sono ancora in valutazione e 

non sempre hanno dato risultati univoci.
q Necessità di aumentare le prove in vivo.

q Molto è ancora da definire sui meccanismi di azione dei polifenoli 
sui batteri ruminali e sui patogeni e sui parassiti intestinali.

CONCLUSIONI


