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INTRODUCTION 

 

Olive growing is widespread not only in the area of the 

Mediterranean basin, but also in the United States, Australia, 

South Africa and China; however, 75% of the world 

production of olive oil is concentrated in Southern Europe 

where the main producers are Spain (45%), Italy (31%) and 

Greece (22%) (Molina-Alcade and Yañez-Ruiz, 2008). 

Twenty percent of the yield of olive processing is in oil, the 

remaining 80% is made up of pulp, nut, skin and water 

(Weinberg et al., 2008). The fresh pomace, which represents 

approximately 50% of the conversion process (Servili et al., 

2011), is largely not utilized and creates costs for its 

disposal and problems related to environmental impact. 

Italian agriculture focuses on product quality in order to 

improve product placement; this also occurs in the olive oil 

sector, where extraction technology based on preventive 

stoning of the olives allows for improved quality of the oil 
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ABSTRACT: Dried stoned olive pomace (DSOP) was administered to dairy water buffaloes, and their productive performance and 

milk composition were analysed. Sixteen pluriparous lactating buffaloes were divided into two uniform groups (control and 

experimental), taking into consideration the following parameters: milk production (2,192 and 2,102 kg) and duration of lactation (254 

and 252 d) of the previous year, distance from calving (51 and 43 d), milk production (9.71 and 10.18 kg/d), body condition score (BCS) 

(6.44 and 6.31) and weight (617 and 653 kg) at the beginning of the trial. Both diets had the same formulation: second cut alfalfa hay 

20%, corn silage 42%, concentrate 38% but the two concentrates differed in their formulation, the experimental one contained 15.50% 

of DSOP as fed. The employed DSOP showed high amounts of secoiridoids, such as 3,4-dihydroxyphenylethanol (3,4-DHPEA) (1.2 

g/kg DM), 3,4-dihydroxyphenylethanol-elenolic acid di-aldehyde (3,4-DHPEA-EDA) (12.6 g/kg DM), p-hydroxyphenylethanol-elenolic 

acid di-aldehyde (p-HPEA-EDA) (5.6 g/kg DM) and lignans, which are known to be powerful bioactive compounds. The control diet 

had an energy-protein content of 0.86 Milk FU/kg DM and 143.3 g/kg DM of crude protein, whereas the experimental diet of 0.87 Milk 

FU/kg DM and 146.6 g/kg DM of crude protein. Each animal of the two groups received 17 kg DM/d and each buffalo of the 

experimental group, by way of the concentrate, ingested 1.05 kg DM/d of DSOP. The trial lasted 40 days. No significant difference was 

found between the BCS (6.41 and 6.53), live weight (625.93 and 662.50 kg) and milk production (9.69 and 10.08 kg/d) of the two 

groups, as was the case for fat, protein, lactose, pH and coagulating parameters of the two milks. The milk fat of the experimental group 

had a significantly higher content of total tocopherols (10.45 vs 8.60 g/g, p<0.01) and retinol (3.17 vs 2.54 g/g, p<0.01). The content 

of the reactive substances with tiobarbituric acid (TBARs) was significantly lower in the milk fat of the experimental group (12.09 vs 

15.05 g MDA/g, p<0.01). The acid content of the milk fat of the experimental group had a significantly higher content (p<0.05) of 

C18:0 and of C18:36. LC-MS/MS analysis showed the presence of 3,4-DHPEA (36.0 g/L) in the milk of the DSOP-fed buffaloes, 

while other phenols were not found. DSOP, in the quantity utilized, can be used in the feeding of the lactating buffalo; the dietetic-

nutritional characteristics of the milk are improved due to a greater contribution of tocopherols, retinol and the presence of 

hydroxytyrosol. (Key Words: Dried Stoned Olive Pomace, Buffalo, Milk Production and Quality) 
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favouring through control of peroxidase, an enzyme 

concentrated in the kernel, that degrades the phenolic 

compounds during the extraction process. This determines 

an increase in phenolic compounds not only in the oil but 

also in the corresponding virgin stoned pomace (Servili et 

al., 2007). Up until a few years ago, the virgin pomace was 

used for extraction, using solvents, of second quality oil for 

domestic food use. Currently there is limited consumer 

interest in pomace oil, consequently the virgin pomace must 

be largely disposed of as a residue. The virgin stoned 

pomace, obtained through this extraction cycle, has a lower 

lignin content with a good lipid content, this leads to 

improved digestibility (Sadeghi et al., 2009). Other aspects 

that should be noted are: a fatty acid composition of merit 

for its high content of oleic acid, a balanced composition of 

polyunsaturated fatty acids, the presence of antioxidants 

such as tocopherols and retinol and high amounts of bio-

active phenols such as secoiridoids and lignans (Servili et 

al., 2007). For these characteristics this by-product can be 

used, after drying, in the feed industry. The drying process 

applied to the olive pomaces has been proposed as an 

innovative way to guarantee sound preservation of the 

seasonal product over an extended period of time (Vera et 

al., 2009). 

Nutritional science is concerned with those food 

components, even when present in small quantities, that 

play a fundamental role in human nutrition, ensuring a 

better quality and length of life. Feeding lactating ruminants 

with virgin stoned pomace, with an acidic composition of 

merit, containing a-tocopherol, retinol and phenol can bring 

about positive variations in the quality of the milk produced, 

both with an improvement in the acidic composition of the 

lipid fraction and with oxidative stability (Chiofalo et al., 

2004; Pauselli et al., 2007). Bearing in mind that in some 

countries of the Mediterranean basin and the Black Sea 

region (Italy, Albania, Bulgaria, Greece, Romania, Turkey, 

Syria and Egypt) buffalo species (Borghese and Mazzi, 

2005) coexists with olive oil production, and that this 

species has also been introduced in Spain (Bartocci et al., 

2002). Moreover, considering the characteristics of the by-

products (Molina-Alcade and Yañez-Ruiz, 2008) and that 

the buffalo digests protein better than the bovine in diets 

with a high content of structural carbohydrates (Puppo et al., 

2002), the utilization of lactating buffaloes for this trial was 

deemed appropriate. 

The aim of this study was to examine i) the possible use 

of dried stoned olive pomace in the diet of the lactating 

buffalo, ii) the effect on the quantity-quality of the milk 

produced.  

 

MATERIAL AND METHODS 

 

Production of dried stoned olive pomace 

Fresh pomaces were obtained by mechanical extraction 

of virgin olive oil using the following procedure. The olives 

were stoned and malaxed for 40 min at 25C. The oil 

extraction was performed using an RCM Rapanelli three-

phase decanter, mod. 400 eco. The stoned pomaces were 

stored at room temperature for a maximum of 36 h before 

drying. 

The following optimum process for the drying of dried 

stoned olive pomaces (DSOP) in order to safeguard the 

phenolic composition and reduce the oxidative processes on 

the fatty fraction was defined by Servili et al. (2007). The 

pomaces were dried using a fluid-bed dryer. The initial 

temperature of the flow of drying air was 120C and the 

maximum temperature of the pomaces during the drying 

process was 45C. After drying, the DSOP were stored at 

room temperature. 

 

Animals and diets 

Sixteen pluriparous Mediterranean buffaloes (Bubalus 

bubalis, L.) were used, divided at the beginning of the trial 

into two uniform groups (control and experimental) of 8 

animals. The two groups were not statistically different for 

the following parameters: milk production (2,192 and 2,102 

kg) and duration of the lactation (254 and 252 d) of the 

previous year; distance from calving (51 and 43 d), milk 

production (9.71 and 10.18 kg/d), body condition score 

(BCS) (6.44 and 6.31) and weight (617 and 653 kg) at the 

beginning of the trial. The trial lasted 40 d. The animals 

were weighed at the beginning and the end of the trial and 

the nutritional status was determined using the BCS, 

utilizing the scale of Wagner et al. (1988) modified, for the 

buffalo species, by Campanile et al. (1998). This method 

provides for the use of a score from 0 to 9. The feedstuffs 

used were second cut alfalfa hay, corn silage and two 

concentrates especially formulated using the same feed 

materials (Table 1), the experimental concentrate contained 

DSOP (15.50% as fed). The control and experimental diets 

were isoenergetic and isoprotein (Table 3), the control diet 

= 0.86 Milk FU/kg DM and 143.3 g/kg DM of crude protein, 

experimental diet = 0.87 Milk FU/kg DM and 146.6 g/kg 

DM of crude protein. The control and experimental 

Table 1. Formulation of the two concentrates (% as fed) 

 Control Experimental 

Bran flour 27.00 20.00 

Maize flour 21.00 25.00 

Soya extract flour  12.00 15.00 

Flour from distillery residues 10.00 5.00 

Flour of dehydrated alfalfa 10.00 - 

Flour from sunflower extract 9.00 12.00 

Flour from beet pulp 3.50 - 

Flour from stoned olive pomace - 15.50 

Molasses 3.00 3.00 

Vitamin-mineral supplementation 4.50 4.50 
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concentrates had a net energy content of 0.98 and 1.01 Milk 

FU/kg DM and of crude protein of 189.6 and 198.3 g/kg 

DM respectively. Both the diets had the following 

formulation dry matter basis: second cut alfalfa hay 20%, 

maize silage 42%, concentrate 38%. The feeding was by 

group and the feed was given as a mixed ration once a day. 

Each animal of two groups received 17 kg DM/d and 

1.05 kg DM/d of DSOP was administered to each buffalo in 

the experimental group, which represented 6.17% of the 

diet. 

 

Chemical analyses of animal feeds 

The following analytical determinations were performed 

on feedstuff used in the experiment: dry matter (DM), crude 

protein (CP), crude fibre (CF), ether extract (EE) and ash 

(AOAC, 1995); neutral detergent fibre (NDF), acid 

detergent fibre (ADF) and acid detergent lignin (ADL) 

according to the method reported by Goering and Van Soest 

(1970). The non-structural carbohydrates were calculated 

according to the method reported by Van Soest et al. (1991). 

The net energy of each feedstuff, expressed as Milk FU/kg 

DM, was determined using the chemical composition and 

digestibility of the organic matter (INRA, 1988). The 

different parameters of the chemical composition and net 

energy of the two diets were calculated proportionately to 

their percentage in the component feedstuffs. Table 2 

presents the chemical composition, the net energy, the fatty 

acids profile and the phenolic compounds of the DSOP. 

Table 3 reports the chemical composition and net energy of 

the feedstuffs and of the diets employed. 

The phenolic compounds of DSOP were extracted and 

analysed by HPLC-DAD/FLD following the procedure 

previously described by Servili et al. (2011), using 10 g of 

the sample. To extract the residual oil from the DSOP, 250 

ml of hexane was added to 100 g of DSOP. The mixture 

was homogenized with the T50 Ultraturrax at 6,000 rpm for 

10 min at 20C and then filtered with filter paper. The 

extraction was performed twice. The filtered homogenate 

was evaporated under vacuum in a nitrogen flow at 35C. In 

the residual oil, the acidic composition was determined 

according to the 1989/03 Commission Regulation (2003). 

Feed fatty acid composition was ascertained by gas 

chromatography, as methyl ester derivatives after 

transesterification with sulphuric acid. A MEGAL FISONS 

Table 2. Dry matter (g/kg as feed), chemical composition (g/kg 

DM), net energy (Milk FU/kg DM), fatty acid profile (%) and 

phenolic compounds (g/kg DM) of dried stoned olive 

pomace (DSOP) 

Composition  

DM 956.7 

CP 100.9 

CF 184.1 

EE 206.6 

NSC 195.3 

Ash 75.6 

NDF 421.6 

ADF 329.2 

ADL 207.8 

NE 0.70 

Fatty acids profile  

C14:0 0.1 

C16:0 12.3 

C16:1 0.9 

C17:0 0.1 

C18:0 1.9 

C18:1n9 75.5 

C18:2n6 8.3 

C18:3n3 0.6 

C20:0 0.2 

C20:1n9 0.3 

Phenolic compounds  

3,4-DHPEA 1.2 

p-HPEA 0.9 

Verbascoside 10.0 

3,4-DHPEA-EDA 12.6 

p-HPEA-EDA 5.6 

(+)-1-Acetoxypinoresinol 0.2 

DM = Dry matter; CP = Crude protein; CF = Crude fibre;  

EE = Ether extract; NSC = Non-structural carbohydrates;  

NDF = Neutral-detergent fibre; ADF = Acid-detergent fibre;  

ADL = Acid-detergent lignin; NE = Net energy;  

3,4-DHPEA = 3,4-Dihydroxyphenylethanol;  

p-HPEA = p-Hydroxyphenylethanol;  

3,4-DHPEA-EDA = 3,4-Dihydroxyphenylethanol-elenolic acid di-aldehyde;  

p-HPEA-EDA = p-Hydroxyphenylethanol-elenolic acid di-aldehyde. 

Table 3. Dry matter (g/kg as fed), chemical composition (g/kg DM) and net energy (Milk FU/kg DM) of the feedstuffs and of the two 

diets utilized 

 DM CP CF EE NSC Ash NDF ADF ADL NE 

Alfalfa hay 879.6 179.9 339.2 27.1 207.2 85.3 500.5 385.1 87.6 0.67 

Maize silage 334.2 83.9 216.7 24.8 327.9 46.9 516.5 259.0 44.9 0.83 

Control concentrate 907.3 189.6 124.4 29.7 366.0 99.8 314.9 175.3 65.5 0.98 

Experimental concentrate 912.5 198.3 124.7 47.5 348.2 84.8 321.2 168.6 78.2 1.01 

Control diet 661.1 143.3 206.1 27.1 318.2 74.7 436.7 252.4 61.3 0.86 

Experimental diet 663.1 146.6 206.2 33.9 311.4 69.0 439.1 249.9 66.1 0.87 

DM = Dry matter; CP = Crude protein; CF = Crude fibre; EE = Ether extract; NSC = Non-structural carbohydrates;  

NDF = Neutral-detergent fibre; ADF = Acid-detergent fibre; ADL = Acid-detergent lignin; NE = Net energy. 
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gas chromatographic apparatus was equipped with a 

detector and a capillary column (D-B Wax 30 m in length, 

0.25 mm in thickness and 0.25 m in thickness of the 

internal film) with helium as the carrier gas. The 

temperature was programmed at 130C for 5 min followed 

by an increase to 230C at a rate of 20C/min. The 

temperatures of the injector and detector were 270C and 

260C, respectively. The peak areas of the individual fatty 

acids were identified by means of previous fatty acid 

standard injection (Sigma-Aldrich) and quantified as a 

percent of total fatty acids. 

The extraction of tocopherols, tocotrienols and retinol 

from the feeds was carried out according to the method of 

Havemose et al. (2004), by means of chromatography. 

 

Milk yield and chemical analyses 

Milk production, representative of two milkings at 

intervals of 12 h, was determined at the beginning of the 

trial and after 15, 30 and 40 d. The individual milk samples, 

representative of the two milkings, taken at each control, 

underwent the following analytical determinations: fat, 

protein (Nx6.38), lactose, urea and pH (ASPA, 1995). The 

parameters for milk coagulation were determined: rennet 

clotting time (r), curd firming time (K20), curd firmness 

(A30) by means of the thromboelastograph Formagraph as 

reported by Zannoni and Annibaldi (1981). In order to 

estimate the quantity of mozzarella cheese produced daily, 

the equation proposed by Altiero et al. (1989) was used. 

The milk fatty acid composition was evaluated by gas 

chromatographic analyses as were the methyl ester 

derivatives after transesterification with sulphuric acid 

following the procedure reported above for feed samples. 

To evaluate the risk of coronary disease, atherogenic and 

thrombogenic indexes were calculated as suggested by 

Ulbricht and Southgate (1991). Tocopherol, tocotrienol and 

retinol extraction was conducted according to the method 

proposed by Havemose et al. (2004). The reactive 

substances with tiobarbituric acid (TBARs), expressed as 

g MDA/g of fat, were determined (Fenaille et al., 2001). 

At the end of the trial, a milk tasting was carried out on the 

bulk of the milk produced by the two groups in order to 

verify any differences regarding the flavour and its 

persistence, in addition any variations regarding colour and 

smell were also assessed (Risvik et al., 1989). 

 

Extraction and analysis of the phenolic compounds from 

milk 

The milk sample (80 ml) was skimmed by centrifuging 

at 5,000 rpm for 1 min at room temperature. A volume of 60 

ml of skimmed milk was acidified with a solution of citric 

acid (1.5 M) to pH 4.6 to precipitate the caseins. Then, 120 

ml of methanol was added to the sample, and after 1 min of 

vortex mixing, the solution was centrifuged at 5,000 rpm 

for 2 min. The supernatant was filtered with a fluted filter. 

The precipitate was washed with 80 ml of a mixture of 

methanol and water (80:20, v/v), and after 1 min of vortex 

mixing, the solution was again centrifuged at 5,000 rpm for 

2 min. The supernatant was filtered and collected with the 

previous fraction (this operation was repeated twice). The 

methanol was removed with a rotary vacuum evaporator at 

37C, and the aqueous extract was passed through an 

Extract-cleanTM SPE C18-HC column (5,000 mg/25 ml) 

that was activated and conditioned with 10 ml of methanol 

and 10 ml of water, respectively. The column containing the 

analyte was washed with 10 ml of water. The phenolic 

compounds were eluted with 100 ml of methanol, and the 

collected fraction was mixed with 40 ml of hexane in a 

separatory funnel. After agitation, the methanolic fraction 

was transferred to the rotary vacuum evaporator to 

eliminate the solvent. The residue was reconstituted in 5 ml 

of methanol, filtered with a 0.2 m PVDF filter (Alltech, 

Deerfield, IL, USA), dried under a flow of N2 gas and 

recovered with 1 ml of methanol for LC-MS/MS analysis. 

For LC-MS/MS analysis, 20 l aliquots were injected 

into an HPLC system consisting of two 218 pumps and a 

Varian 1,200 L triple-quadrupole mass spectrometer 

equipped with an electrospray ionization interface (Varian, 

Palo Alto, CA, USA). A Varian C18 Intertsil ODS-3 column 

(2504.6 mm, 5 m) was used as the HPLC column. 

Elution was performed at a flow rate of 1.0 ml/min using a 

mixture of water/acetic acid (99.8:0.2 v/v) (solvent A) and 

methanol (solvent B) as mobile phases. The gradient was 

changed as follows: to 95% solvent A for 2 min, to 75% 

solvent A in 8 min, to 60% solvent A in 10 min, maintained 

for 2 min, to 100% solvent B in 4 min, maintained for 14 

min, and returned to initial conditions in 7 min. The total 

run time was 47 min. Data were acquired using the Varian 

MS Workstation data system. A splitting valve allowed a 

solvent flow of 0.2 ml/min from the HPLC to the 

electrospray source. LC-MS/MS analysis was performed in 

negative multiple reaction monitoring (MRM) mode. The 

mass spectra were obtained under the following conditions: 

a spray voltage of 4,500 V, shield voltage of 600 V, 

capillary voltage of 60 V, nebulizing gas pressure of 50 psi, 

drying gas pressure of 18 psi, temperature of 230C and 

electron multiplier voltage of 1,500 V. The formation of 

product ions in the MS/MS experiments was induced by 

collision (CID) of the selected precursor (3,4-

dihydroxyphenylethanol=3,4-DHPEA m/z 153) with argon. 

 

Statistical analysis 

The differences between the two groups were tested by 

means of the GLM procedure (SAS, 2001) using the 

monofactorial model: 

 

Yij = +i+ij 
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where  = general mean, i = diet (i = 1, 2), ij = error 

of model. 

 

RESULTS AND DISCUSSION 

 

Characteristics of the stoned olive pomace and of the 

feedstuffs utilized 

The chemical characteristics of the DSOP are reported 

in Table 2. The protein content is similar to that reported by 

Malossini et al. (1983) and to the range found by Molina-

Alcaide and Yañez-Ruiz (2008) in a previous review. The 

DSOP is characterized by a high level of ether extract 

(206.6 g/kg DM) and the fatty acids profile contains 75.5% 

C18:1cis9 as also reported by Chiofalo et al. (2002); the 

fibrous component was lower than the values reported by 

Molina-Alcaide and Yañez-Ruiz (2008) for olive cakes. In 

particular, the elimination of the stone determines a 

reduction in the ADL content: in earlier trials on depleted 

stoned olive pomace, Vaccarino et al. (1987), in a first and 

second trial, found 333.0 and 382.0 g/kg DM of ADL while 

in virgin partially stoned pomace, Chiofalo et al. (2004), 

found 308.0 g/kg DM of ADL, 207.8 g/kg DM represent a 

further reduction of one-third of this parameter. The 

reduction in lignin and the high content of ether extract 

determine an improvement in the dry matter digestibility 

(Sadeghi et al., 2009) and result in an energy content (0.70 

Milk FU/kg DM) similar to that of the second cut alfalfa 

hay (0.67 Milk FU/kg DM) utilized in the trial. 

Nevertheless, the most interesting results are related to the 

phenolic composition of the DSOP that shows high amounts 

of secoiridoids, such as 3,4-dihydroxyphenylethanol (3,4-

DHPEA) (1.2 g/kg DM), 3,4-dihydroxyphenylethanol-

elenolic acid di-aldehyde (3,4-DHPEA-EDA) (12.6 g/kg 

DM), p-hydroxyphenylethanol-elenolic acid di-aldehyde (p-

HPEA-EDA) (5.6 g/kg DM) and lignans, including 1-

acetoxypinoresinol. Several phenolic compounds occurring 

in the DSOP, such as 3,4-DHPEA, 3,4-DHPEA-EDA, p-

HPEA-EDA, are now considered to be the main bio-active 

phenols of extra-virgin olive oil that show a high 

antioxidant activity, which are also attributed as playing the 

main role in the link between olive oil consumption and the 

prevention of cardiovascular disease and cancer in humans 

(Servili et al., 2009; Covas, 2008; EFSA, 2011).  

Table 3 reports the chemical composition and net energy 

of the feedstuffs and of the two diets used. Table 4 shows 

the tocopherol and tocotrienol content and the acidic 

composition of the lipid fraction of the feedstuffs used. It 

can be noted, with regard to the experimental concentrate, 

that there is a significant rise of -T (p<0.05), of  e -T 

(p<0.01) and of the total tocopherols (62.88 vs 55.87 g/g, 

(p<0.05), a good level of -T in the maize silage. The 

DSOP has had a positive effect on the acidic composition of 

the lipid fraction of the experimental concentrate with a 

significant decrease, with the exception of C18:0, of all the 

saturated fatty acids reported; there is an increase (p<0.01) 

both in C18:19 and for C22:63, on the contrary there is a 

decrease (p<0.01) both of C18:2ω6 and of C18:3ω3 and 

(p<0.05) of C20:53. 

 

Production and quality of the milk 

The ingestion of 17 kg DM/d per head for each group 

(Table 5) was constantly maintained for the duration of the 

trial, in this phase of lactation, this quantity represents the 

maximum ingestion capacity (Bartocci et al., 2006). The 

Table 4. Tocopherols, tocotrienol (g/g) and fatty acids (%) of the feedstuffs used 

 Alfalfa hay Maize silage  Control concentrate Experimental concentrate Rmse 

-tocopherol 2.36 43.32 45.64b 50.26a 1.33 

-tocopherol 0.16 2.79 1.59B 2.72A 0.19 

-tocopherol - 1.10 1.43B 1.73A 0.14 

-tocotrienol - 7.94 7.21* 8.18* 0.47 

Toc. totals 2.52 55.15 55.87b 62.88a 2.17 

Fatty acid profile      

C10:0 0.24 0.06 0.20A 0.07B 0.01 

C12:0 1.04 0.39 1.34A 0.56B 0.03 

C14:0 1.76 0.57 0.71A 0.49B 0.02 

C16:0 29.01 17.20 17.13a 15.01b 0.40 

C18:0 4.83 2.02 3.00 2.86 0.07 

C18:1ω9 5.51 20.67 27.53B 42.05A 0.89 

C18:2ω6 16.85 45.92 42.18A 32.76B 0.94 

C18:3ω3 22.30 7.03 4.02A 2.95B 0.09 

C20:4ω6 1.03 0.23 0.05 0.06 0.01 

C20:5ω3 1.40 0.27 0.11a 0.07b 0.01 

C22:6ω3 1.37 0.17 0.10B 0.24A 0.01 
A, B p<0.01; a, b p<0.05; * p = 6.28%. 
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milk production of the experimental group proved to be 

higher (10.08 and 9.69 kg/d) but the difference was not 

significant. Hadjipanyiotou (1999), feeding the olive by-

product in an experiment on dairy cows and Chiofalo et al. 

(2004) and Pauselli et al. (2007) on milk ewes did not find 

any differences between the milk produced by the control 

group and the experimental group. It should be stressed that 

the quantity of crude protein administered by DSOP per 

head was 110.60 g/d (4.42% of the total protein) which as 

can be noted from the bibliography has a low digestibility 

determined by the presence of phenols (Waghorn and 

Schelton, 1997; Martin Garcia et al., 2003). Malossini et al. 

(1983) and Molina-Alcade and Yañez-Ruiz (2008) have 

reported respectively an apparent digestibility of crude 

proteins of 17.10 and of 10.00%, but this low digestibility 

neither limited the milk production, which in fact proved to 

be higher, nor determined any changes in the BCS (6.41 vs 

6.53), nor any negative variation in the average daily gain 

of the experimental group which was 437.50 g/d with 

respect to 421.88 g/d of the control group. Based on these 

results it could be assumed that due to the effect of the 

drying treatment of the DSOP, the apparent intestinal 

digestibility of rumen undegraded protein may undergo 

positive changes. 

The fat, protein, lactose and urea content of the milk 

(Table 5) of the two groups is similar, respectively 7.16 and 

7.36%, 4.51 and 4.45%, 4.88 and 4.90%, 32.58 and 

33.13 mg/100 ml. Thus the results obtained demonstrate, as 

found by Chiofalo et al. (2004) and Pauselli et al. (2007), 

that the experimental diet did not alter the level of the 

considered parameters. Therefore, what has already been 

asserted by Nefzaoui and Vanbelle (1986) and by Chiofalo 

et al. (2004) can be confirmed, which is that there is no 

adverse effect on the activity of the ruminal bacteria caused 

by the long-chain unsaturated fatty acids. 

Table 6 reports the pH, the milk coagulation parameters 

and the estimated production of mozzarella of the two 

groups. No significant differences were found for the pH 

values (6.78 and 6.80), for the rennet clotting time (20.34 

and 22.35 min), for the curd firming time (2.30 and 2.66 

min) and for the curd firmness (44.40 and 35.25 mm). 

These data are similar to those obtained by Bartocci et al. 

(2006) and Tripaldi et al. (2010). The estimated production 

of mozzarella, in relation to the quantity and quality of the 

milk produced, was higher for the experimental group (2.40 

and 2.28 kg/d). With regard to the results of the sensory 

evaluation of the bulk milk produced by the two groups, the 

evaluators gave an identical and positive assessment of the 

two milks which were both of a white porcelain colour, with 

a lactic smell and with a moderately persistent sweet 

flavour; therefore the stoned olive pomace did not result in 

any adverse effect on the characteristics of the milk listed 

above. 

 

Antioxidants and oxidative status of milk 

The occurrence of tocopherols and retinol in the milk of 

DSOP-treated and untreated animals is reported in Table 7 

together with the milk TBARs values. Among tocopherols, 

only four (-T, --T, δ-T and -T3) were present in 

appreciable quantities in the milk of both groups. Alpha-T 

was the highest present (79.42%), followed by y-T 

(15.93%) and -T (1.98%) in the milk of the control group. 

The DSOP dietary supplementation resulted in a significant 

increase in all the aforementioned tocopherols, except for  

-T, in the milk of the treated group without altering their 

distribution. As a consequence, the total amount of milk 

vitamin E was 8.60 and 10.45 g/g fat (p<0.01) for the 

Table 6. Milk quality and estimated yield of “mozzarella cheese” 

 Control Experimental Rmse 

pH 6.78 6.80 0.08 

r (min) 20.34 22.35 4.15 

K20 (min) 2.30 2.66 1.28 

A30 (mm) 44.40 35.25 14.22 

Estimated “mozzarella cheese”  

(kg/d) 

2.28 2.40 0.59 

r = Rennet clotting time; K20 = Curd firming time; A30
 = Curd firmness. 

Table 5. Live weight, body condition score, milk yield and 

quality 

 Control Experimental Rmse 

DMI (kg/d) 17.00 17.00 - 

LW (kg) 625.93 662.50 90.16 

ADG (g/d) 421.88 437.50 391.47 

BCS (1÷9) 6.41 6.53 0.45 

Milk yield (kg/d) 9.69 10.08 2.53 

Fat (%) 7.16 7.36 1.07 

Protein (%) 4.51 4.45 0.33 

Lactose (%) 4.88 4.90 0.19 

Urea (mg/100 ml) 32.58 33.13 3.22 

DMI = Dry matter intake; LW = Live weight; ADG = Average daily gain; 

BCS = Body condition score. 

Table 7. Tocopherols, tocotrienol, retinol and oxidative stability 

of the lipid fraction of the milk of the two groups 

 Control Experimental Rmse 

-tocopherol (g/g fat) 6.83b 8.19a 1.00 

-tocopherol (g/g fat) 1.37B 1.70A 0.21 

-tocopherol (g/g fat) 0.17 0.19 0.03 

-tocotrienol (g/g fat) 0.23B 0.37A 0.05 

Toc. totals (g/g fat) 8.60B 10.45A 1.12 

Retinol (g/g fat) 2.54B 3.17A 0.28 

TBARs (g MDA/g fat) 15.05A 12.09B 1.79 
A, B p<0.01; a, b p<0.05. 

TBARs = Reactive substances with tiobarbituric acid;  

MDA = Malondialdehyde. 
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control and the treated group respectively. These results 

may be ascribed to the occurrence of a higher amount of 

vitamin E in the experimental concentrate (62.88 vs 55.87 

g/g, p<0.05). These findings are consistent with Weiss et 

al. (2003), who showed evidence of the relationship 

between dietary -T content and its concentration in milk 

independently from the tested fat sources. The high amount 

of phenols characterized by strong antioxidant activity, such 

as 3,4-DHPEA, 3,4-DHPEA-EDA, found in the DSOP, 

might also be implicated in the increase in the amount of  

-T in the milk. In fact, the DSOP phenolic antioxidants 

can protect tocopherols from oxidation thereby increasing 

the total amount absorbed through digestion and thus their 

concentration in the milk. In this regard, an important 

achievement was the detection and partial characterization 

of hydrophilic phenols in the milk. Figure 1 reports the LC-

MS/MS chromatogram and the mass spectra that 

substantiate the occurrence of 3,4-DHPEA in the milk of 

water buffaloes fed with DSOP, while the other phenols, 

such as 3,4-DHPEA-EDA, p-HPEA-EDA and lignans, 

which are the most concentrated compounds of DSOP, were 

not found in the milk of DSOP-fed animals. It is 

nevertheless plausible that 3,4-DHPEA-EDA, very 

abundant in DSOP, is hydrolyzed during digestion, 

releasing the 3,4-DHPEA that can be transferred to and 

accumulate in the milk. In terms of the absolute 

concentration of 3,4-DHPEA found in the milk of water 

buffaloes treated with DSOP, the average value was 36.0 

g/L, but the disparity due to subject variability was very 

large, ranging between a minimum of 8.9 and a maximum 

of 56.2 g/L. 

The milk from DSOP-fed animals also revealed a higher 

retinol level (3.17 vs 2.54 g/g fat, p<0.01) in comparison 

to the milk from the control group. The higher amount of 

tocopherols and retinol might have contributed to reducing 

the level of TBARs (12.09 vs 15.05 g MDA/g fat, p<0.01) 

in the milk of the treated group and consequently to a better 

oxidative status of this milk with respect to the milk derived 

from the untreated animals. These results are consistent 

with those reported by Pauselli et al. (2007) in the milk of 

ewes fed with a concentrate enriched with stoned olive 

pomace. The presence of a powerful natural antioxidant 

such as 3,4-DHPEA in the milk of DSOP-fed animals, an 

antioxidant that is naturally occurring in virgin olive oil and 

its by-products, might also contribute to the better oxidative 

status of milk fat from the DSOP-treated group, acting 

either directly or indirectly (synergism with vitamin E) 

against free radicals (Owen and Giacosa, 2000; Mirò Casas 

et al., 2001; Servili et al., 2004). Following the addition of 

green tea phenolic extracts to the milk, Schamberger et al. 

(2007) observed a reduction in the Maillard reaction-

derived products in UHT milk, and Gramza-Michalowska et 

al. (2007) described an increase in the antioxidant activity 

of butter, also due to green tea extract addition during butter 

processing. Among DSOP phenols, ortho-diphenols, such as 

3,4-DHPEA and 3,4-DHPEA-EDA, are known to possess 

the highest antioxidant activity and are also effective radical 

scavengers (Baldioli et al., 1996). In particular, 3,4-DHPEA 

scavenges aqueous peroxyl radicals near the membrane 

surface, while oleuropein scavenges chain-propagating lipid 

peroxyl radicals within membranes (Saija et al., 1998). 

Moreover, phenolic compounds have been shown to play a 

role in vitamin E recycling and might have also accounted 

for the higher milk tocopherol levels in the DSOP-treated 

group. A similar hypothesis has been formulated for 

flavonoids on -T recycling (Zhu et al., 1999; Pedrielli and 
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Figure 1. HPLC-ESI-MS/MS chromatogram obtained from a milk sample produced by a DSOP-fed buffalo cow. [1] 3,4-DHPEA = 3,4-

dihydroxyphenylethanol (hydroxytyrosol). 
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Skibsted, 2002; Pazos et al., 2005). Nevertheless, further 

studies are required to better clarify the role of each DSOP 

compound in the total milk antioxidant capacity.  

 

Milk fatty acids composition 

Table 8 presents the fatty acid composition of the lipid 

fraction of the milk. A significant difference was found in 

favour of the experimental group (p<0.05) for C18:0, 

C18:36 and (p = 8.67%) for C18:17 and a larger amount 

of C18:19. While the increase of C18:0 could derive from 

the bacterial biohydrogenation activity (Mosley et al., 2002), 

the increase of C18:19, apart from the DSOP, could in part 

be attributed to the activity of desaturation of the mammary 

gland in the same way as for C18:17 and C18:36 

(Chilliard and Ferlay, 2004). In dairy cows 40% of the 

C18:19 is formed in the mammary gland by 
9
-desaturase 

activity (Lock and Gainsworth, 2003). The milk fatty acid 

composition of the experimental group is proved to be 

similar to that observed by Selner and Schultz (1980) in 

cattle fed with rumen unprotected oleic acid sources. 

The DSOP determined an increase of the MUFA 

represented principally by C18:19 and of the PUFA 

represented principally by C18:26 at the expense of the 

SFA. Consequently, there was a reduction of 

saturated/unsaturated ratio (2.75 and 3.04), of the 

atherogenic (3.60 and 3.84) and thrombogenic indices (3.75 

and 3.87) of the milk produced by the experimental group. 

Similar results were obtained on the fatty acid composition 

of milk fat of sheep and on the indices by Chiofalo et al. 

(2004) and Pauselli et al. (2007). In the milk fat of the 

experimental group there was a reduction of the short-chain 

fatty acids (C6:0-C10:0) and medium-chain fatty acids 

(C11:0-C16:34) and an increase of the long-chain fatty 

acids (C17:0-C24:1). These results could have been 

determined by the increased intake by the udder of fatty 

acids of food origin and by the protective effect of the 

vitamin E from the oxidation on the long-chain fatty acids 

(Chiofalo et al., 2004). 

 

CONCLUSIONS 

 

Dried stoned olive pomace, in the quantity utilized, can 

be used in the feeding of the lactating buffalo without 

reduction in the quantity of milk produced and without 

negative effects on its quality, since the chemical 

composition and cheese making properties remain 

practically unchanged. 

Further, the dietetic-nutritional characteristics of the 

milk are improved due to a greater contribution of 

tocopherols, retinol and the presence of hydroxytyrosol, in 

addition to a better fatty acid composition determined by a 

decrease in the saturated/unsaturated ratio of the 

atherogenic and thrombogenic indices. 
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