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 Germany, Italy, France, Spain (top producers)              

• Agriculture produces an average of 23.7 million food tons/day worldwide (FAO, 2017). 

• The percentage of food lost globally after harvest on farm, transport, storage, 
wholesale, and processing levels was estimated at 13.2% =  1.3 billion tons/year (FAO, 
2023)

• Total amount of agro-industrial by-products produced:
• Worldwide is about 468 millions tons 
• European Union is around 30 million tons

Agro-industrial by-products

Management of non-human-edible biomass generated along the food chain
represents a key element to mitigate environmental impact

(air and water pollution, greenhouse gas emissions)
https://openknowledge.fao.org/server/api/core/bitstre
ams/2c3e67a7-72b4-45a3-9814-
96575e4df247/content
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DOI: (10.1021/acs.est.3c08426) 

https://pubs.acs.org/doi/10.1021/acs.est.3c08426?fig=fig1&ref=pdf

Food loss and waste (FLW) generation along the supply chain and associated resource use and environmental impacts (benefits) of 
FLW treatment.

Li Xue et al. 2024 - Environ. Sci. Technol. 2024, 58, 17, 7240–7255

One of the priority objectives of the Common Agricultural Policy is the Improve the circular economy to ensure that the 
fraction of food that could not be consumed by humans is properly recycled and re-used for energy, or in other industries 

and to produce feedstuffs



By-product
Chemical composition (g/kg DM)

DM NDF ADF CP Lignin EE Ash

Barley straw 940 672 353 43 41 11 86

Beet pulp 921 488 296 89 37 0.4 47

Cottonseed hulls 895 878 664 61 224 - 27

Soybean hulls 913 621 468 140 74 22 63

Corn gluten feed - 441 107 235 - 39 57

Linseed meal 939 231 199 248 86 270 73

Extruded linseed 927 546 361 224 25 345 45

Sunflower meal 959 356 268 355 80 18 75

Soybean meal 880 139 87 502 30 23 66

Cottonseed meal 934 248 200 431 65 16 65
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Conventional (the most used) agro-industrial byproducts



Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts
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Advantages

• reduce the disposal cost 

• positive effects on environmental impacts

• allows the recovery of nutrients at low/zero 
cost

• reduction of animal feeding cost

• contain bioactive compounds (that could be 
beneficial to animals)

Limitations
• high humidity

• high variability in nutrient contents

• local production 

• seasonal availability 

• high transport cost
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Non-conventional byproducts recycle in animal nutrition



Non-conventional byproducts

 Grape (Winkler et al., 2015; Correddu et al., 2015; Guerra-Rivas et al., 2017; Nudda et al., 2019; Alba et al., 2019; )

 Tomato (Valdez-Morales et al., 2014; Silva-Beltrán et al., 2015; Nudda et al., 2019)

 Citrus (Rodríguez-Rivera et al., 2014; Pereira-Caro et al., 2015; Todaro et al., 2017; Liotta et al., 2019)

 Olive (Peng et al., 2015; Seiquer et al., 2015)

 Apple (Gogia et al., 2015; Koutsos et al., 2015)

 Myrtle (Nudda et al., 2019; Correddu et al. 2017; 2019)

 Coffee (Carta et al., 2022; Díaz de Otálora et al., 2020)

…

Bioactive compounds 
Polyphenols
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Non-conventional byproducts

Bioactive 
compounds 
Polyphenols

Main classes of polyphenols: flavonoids, non-flavonoids, and tannins.
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Polyphenols and human health
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POLYPHENOLS IN RUMINANT DIETS

 Parasites (Athanasiadou et al., 2000; Zhong et al., 2014; Váradyová et al., 2018; Poli et al., 2018; Poli et al., 2021)

 Immune system (Min et al., 2005; Nudda et al., 2015; Buffa et al., 2020; Jaiswal et al., 2020; Singh et al. 2021; Xu et al. 2024)

 Biohydrogenation process (Cabiddu et al., 2009; Vasta et al., 2009; Guerreiro et al., 2021; Frutos et al., 2020)

 Rumen NH3 production (Bhatta et al., 2009; Theodoridou et al., 2010; Correddu et al., 2015)

 CH4 emissions (Dschaak et al., 2011; Liu et al., 2011; Carta et al., 2024)

Milk production traits (Hymes-Fecht et al., 2013; Nudda et al., 2017; Hilario et al., 2010; Liu et al., 2013; Correddu et al., 2016; )

Milk fatty acid profile (Turner et al., 2005; Toral et al., 2013; Abarghuei et al., 2014; Carta et al., 2024)

 Sensory properties (Caccamo et al., 2024)

The effects of polyphenols could change depending on source of polyphenols, dose, the physiological stage of the

animal, etc.
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Topics that will presented

Characteristics of some non conventional agro-industrial BP containing polyphenols 

 Grape, Olive, Pomegranate, Tomato, Coffee, Cocoa, Citrus 

Effects of BP inclusion in diets of dairy sheep and goats on: 

 Milk production traits

 Milk FA profile

 Oxidative status of animals and milk

 Somatic cell count

 …

Final remarks
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Primary product

(agroindustrial by-product)

Grape

(grape pomace)
tons

Primary product (tons)* 25,669,000      
AIBP (%) from processing ** 21%
AIBP, tons (FM) 5,390,490
AIBP, tons (DM) 1,563,242
Available protein (tons) 184,968
Available NDF (tons) 677,646
* FAOSTAT, 2022 (data for EU27); ** literature available; 

Correddu et al. 2022 (EAAP Portugal)
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1. Grape pomace by-product of wine industry



Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: GRAPE
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Polyphenols in grape pomace

Mean                    min-max

Polyphenol, mg/kg of DM Means ± SD

Catechin a 122.05 15.86
Gallic acida 112.21 16.48
Quercetinb 70.89 0.73
Syringic acid a 42.59 4.06
Vanillic acid a 17.33 0.16
Isorhamnetinb 13.86 1.82
Kampferolb 9.97 0.91
Malvidin-3-O-glucosidec 49.62 11.49
Petunidin-3-O-glucosidec 28.84 3.50
Peonidin-3-O-glucosidec 21.02 4.53
Delfidin-3-O-acetilglucosidec 4.64 0.74
Cyanidin-3-p-coumaroylglucosidec 4.58 0.54
Malvidin-3-O-acetiglucosidec 4.36 1.42
Peonidin-3-p-coumaroylglucosidec 201.91 32.82
Petunidin-3-p-coumaroylglucosidec 55.90 16.91
Malvidin-3-p-coumaroylglucosidec 52.90 18.69

flavanols

Phenolic acid

antocyanins

C18:2 cis-9 cis-12 is the main FA
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These bioactive molecules (catechin, gallic acid, peonidin) have several biological activities, for instance, 
antioxidant, anti-inflammatory, antiparasitic, and antitumor capacity
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Species breed

By product 
inclusion   g/kg 

of DMI
By product 

form* MY Fat Protein

Sheep

Sarda 41.1 pomace +16.5 -12.8 -6.8

Sarda 118.3 seed 2.0 4.0 -1.5

Friesian 196.0 pomace -1.1 4.0 -6.8

crossbreed 50*** pomace -7.8 -4.1 2.4

Saanen 50 pomace 3.9 -4.5 -3.5

Goats Saanen 100 pomace -5.2 -14.5 -2.1

Saanen 150 pomace -12.0 -9.0 -3.1

Alpine 188 pomace -1.3 2.3 -0.3

Effect of Grape by products on milk traits

(Nudda et al., 2019; Bennato  et al., 2022; Nudda et al., 2015; Tsiplakou & Zervas, 2008; Badiee Baghsiyah et al., 2023; Tsiplakou & Zervas, 2008)

Badiee Baghsiyah et al., 2023
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Data are expressed as difference (in percentage) between treatment 
and control group 



Species Breeds
By-product 

inclusion   g/kg 
of DMI1

By-product 
form2

Fatty acids Groups of fatty acids

OA Trans-VA RA LA LNA SFA MUFA PUFA

sheep

Sarda 41 GP 8.9 11.8 13.9 20.7 0.0 -3.2 6.4 13.2
crossbreed 50* GP 8.5 291.1 9.1 33.5 -3.5 -3.8 17.1 21.8

Sarda 118 GS 33.6 190.3 150.7 73.7 -23.0 -15.2 42.5 56.7
Friesian 196 GP 14.5 41.8 56.3 19.3 15.2 -10.8 14.2 27.1
Churra -6.0 12.9 13.5 2.2 -7.3 0.7 -3.2 5.3
Churra -5.2 24.0 27.0 10.3 -11.9 -1.8 1.1 12.5

goats Alpine 188 GP 17.3 -9.9 50.5 26.6 -12.5 -4.5 10.4 25.0

Camosciata
delle Alpi

150 g/d -10.1 -9.5 -16.4 1.1 -9.8 0.9 -8.2 -0.33

Grape by products improve milk fatty acids profile

• sheep

OA

RA

LA MUFA

PUFA

SFA

VA

Tsiplakou and Zervas, 2008; Nudda et al., 2015;  Manso et al., 2016; Nudda et al., 2019;

 Bennato et al., 2022; Renna et al., 2023. 
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Data are expressed as difference (in percentage) between treatment and control group 



Species Breeds
By-product 

inclusion   g/kg 
of DMI1

By-product 
form2

Fatty acids Groups of fatty acids

OA Trans-VA RA LA LNA SFA MUFA PUFA

sheep

Sarda 41 GP 8.9 11.8 13.9 20.7 0.0 -3.2 6.4 13.2
crossbreed 50* GP 8.5 291.1 9.1 33.5 -3.5 -3.8 17.1 21.8

Sarda 118 GS 33.6 190.3 150.7 73.7 -23.0 -15.2 42.5 56.7
Friesian 196 GP 14.5 41.8 56.3 19.3 15.2 -10.8 14.2 27.1
Churra -6.0 12.9 13.5 2.2 -7.3 0.7 -3.2 5.3
Churra -5.2 24.0 27.0 10.3 -11.9 -1.8 1.1 12.5

goats Alpine 188 GP 17.3 -9.9 50.5 26.6 -12.5 -4.5 10.4 25.0

Camosciata
delle Alpi

150 g/d -10.1 -9.5 -16.4 1.1 -9.8 0.9 -8.2 -0.33

Grape by products on milk fatty acids profile

• sheep

OA

RA

LA MUFA

PUFA

SFA

VA

Tsiplakou and Zervas, 2008; Nudda et al., 2015;  Manso et al., 2016; Nudda et al., 2019;

 Bennato et al., 2022; Renna et al., 2023. 
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Data are expressed as difference (in percentage) between treatment and control group 



Dietary trans vaccenic acid (TVA) from ruminant 
derived food directly promotes anti-tumour immunity 
in vivo.
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Grape BP influence rumen microbial community

rumen biohydrogenation of PUFA
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Protein Carbonyls in milk

Grape byproducts improve the antioxidant 
status of blood ewes and milk
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CON GRAPE P-value

Colostrum IgG, g/L 36.5 58.3 0.04

Serum of lamb IgG, g/L 22.4 32.8 0.05

The inclusion of a 50 g/d of GP in late gestation  ewes improve 
IgG content in colostrum and in serum of lambs

Nudda et al., 2024- EAAP Congress - Session 77 Room Romagnola h 10:45



Pomegranade by-product

Total Polyphenols
 (mg/100 mL)                                                                                                                            

Peel 2703
Marc 154
Juice 47

Fawole and Opara, 2016

*Louw Pienaar and Vanessa Barends-Jones 2021 (Western Cape  
Department of Agriculture)
**United Nations Economic Commission for Europe (UNECE)
***Fernández- Zamudio et al. 2015;
# Viuda-Martos et al., 2010
# # estimation from available data
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Primary product
(agroindustrial 

coproduct)

Pomegranate
(peel)

Primary product (tons)* 142,000

AIBP (%) ** 50

AIBP, tons (FM) 71,000

AIBP, tons (DM) 20,590

Available protein (tons) 741

Available NDF (tons) 4,283



Main phenolic compounds in pomegranate byproduct

Xu et al. 2023
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Punicalagin and its health-beneficial properties  

Anti-cancer apoptosis of cancer cell in colon, 
cervical, lung, gastric, breast, 

osteosarcoma

Sun  2023; Xie  2022; Fang 2021; Sun 2024; Abd-
Rabou 2022; Wang 2020.

Anti-viral inhibitory activity against 
omicron variants of SARS-CoV-2 

infection
Chen 2023

cancer prevention inhibitory activity of oral cancer 
cell Dioguardi 2022
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Punicic acid 
(omega-5)

• Coniugated linolenic acid with three 
coniugated double bonds

  cis-9 trans-11 cis-13 CLnA 

FA % of TFA
C14:0 0.09
C16:0 3.29
C16:1 c9 0.12
C18:0 2.13
C18:1 c9 8.66
LA 5.80
ALA 0.06
PnA 78.7

HEALTH BENEFITS
• Reducing the risk of cognitive decline [Mizrahi 2014; Binyamin 2019]

• Reducing chronic inflammation [Mannino 2023; Boussetta 2009; Khozoei 2023; Bassaganya-Riera 2011]

• Improving insulin sensitivity [Anusree 2018; Vroegrijk 2011; Olvera-Sandoval 2021]

• Acting as an antioxidant to help prevent damage to cells [Kaseke et al., 2021]

• substance to combat metabolic syndromes in humans [Shabbir et al.,  2017]

• …
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Effect of Pomegranate by products on milk traits

• No effect of the Pomegranate Pulp (peels, seeds, membranes, and portion of arils)  supplementation to ewes on MY and its composition 

Valenti et al., 2019; Argov-Argaman et al., 2020; Modaresi et al., 2011;  Razzaghi et al., 2015; Emami et al., 2016

75th EAAP Annual Meeting 

Crossbreed 
goat

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Pomegranate by products on milk traits

FAT MY PROTEINand 

Valenti et al., 2019; Argov-Argaman et al., 2020; Modaresi et al., 2011;  Razzaghi et al., 2015; Emami et al., 2016

PSO = pomegranate seed oil
PSP = pomegranate seed pulp• Pomegranate  byproducts increased significantly the milk fat content  

75th EAAP Annual Meeting 

Crossbreed 
goat

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Pomegranate by products on milk fatty acids profile

PnA

• Pomegranate  byproducts increased the nutritional quality of milk fat 

75th EAAP Annual Meeting 

Crossbreed 
goat

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Pomegranate by products on milk fatty acids profile

VA

RA

LNA

PnA

• Pomegranate  byproducts increased the nutritional quality of milk fat 
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Crossbreed 
goat

Data are expressed as difference (in percentage) between treatment and control group 



Pomegranate has been tested in ewes naturally infected with GI nematodes

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10879392/pdf/fvets-11-
1347151.pdf

CG = control group
PG = pomegranate group
AG = albendazole group
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The percentage of fecal eggs was significantly reduced  in sheep supplemented with P. granatum extract (PG) or 

with albendazole (AG) compared the untreated sheep (CG)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10879392/pdf/fvets-11-
1347151.pdf

CG = control group
PG = pomegranate group
AG = albendazole group
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Lower infection … higher milk yield

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10879392/pdf/fvets-11-
1347151.pdf

CG = control group
PG = pomegranate group
AG = albendazole group

75th EAAP Annual Meeting 



Extra virgin olive oil 

Olive cake

Olive leaves

Olive by-products

Olive mill waste water

Primary product
(agroindustrial by-product)

Olive
(olive cake) 

Primary product (tons)* 12,888,000
AIBP (%) from processing ** 40%
AIBP, tons (FM) 5,284,080
AIBP, tons (DM) 2,937,948
Available protein (tons) 233,934
Available NDF (tons) 1,874,901

Correddu et al. 2022 EAAP Portugal

* FAOSTAT, 2022 (data for EU27); ** literature available; 
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Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: OLIVE
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Extra virgin olive oil 
20%

Olive cake

Olive by-products

Olive mill waste water

C18:1 cis9 (oleic acid)
~ 65% of total FA

Tzamaloukas O. et al. 2021 - Animals
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Extra virgin olive oil 
20%

Olive cake

Olive leaves

Olive by-products

Olive mill waste water

C18:3 c9c12c15 ω3
~ 35-42% of total FA

Tzamaloukas et al. 2021 - Animals
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Polyphenols in Olive by-products
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Polyphenols in Olive by-products
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Species Breeds By-product 
inclusion   

g/kg of DMI1

By-
product 
form2

Milk traits

Yield Fat Protein

sheep

Chios 72 EOC -2.1 -2.1 -
Chios 100 EOC 1.4 -2.0 1.6
Chios 142 EOC 14.9 -4.2 -
Chios 199 EOC 5.4 -3.6 -0.2

Comisana 64 OC 19.0 1.4 -1.5
Crossbreed 98 OC - 10.0 0.0

Awassi 200 OC -3.5 -12.1 -2.0
Crossbreed 244 OC - -5.0 -4.1

Awassi 298 OC -8.0 2.4 -4.0
Awassi 300 OC -5.8 0.1 -2.1
Friesian 751 OL -1.33 -0.57 1.42

goats

Saanen 100 EOC 4.9 2.6 0.0
Beni Arouss 200 OC -12.8 - -

Saanen 200 EOC -2.0 20.5 0.0
Murciano-Granadina 202 EOBP -8.7 26.7 9.6

Alpine 702 OL -2.13 1.17 1.27

OC = olive cake
EOC = ensiled olive cake
OL = olive leaves
OBSD = olive by-product silage 

Effect of Olive by products on milk traits

Abbeddou et al., 2015; Abbeddou et al., 2011; Arco-Perez et al., 2017; ; Cappucci et al., 2018; Chiofalo et al., 2004; El Otmani et al., 2020; Keles et al., 2016; 

Symeou et al., 2019; Symeou et al., 2021; Shdaifat et al., 2013; Vargas-Bello-Pérez et al., 2013. 
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Data are expressed as difference (in percentage) between treatment and control group 



Species Breeds By-product 
inclusion   

g/kg of DMI1

By-
product 
form2

Milk traits

Yield Fat Protein

sheep

Chios 72 EOC -2.1 -2.1 -
Chios 100 EOC 1.4 -2.0 1.6
Chios 142 EOC 14.9 -4.2 -
Chios 199 EOC 5.4 -3.6 -0.2

Comisana 64 OC 19.0 1.4 -1.5
Crossbreed 98 OC - 10.0 0.0

Awassi 200 OC -3.5 -12.1 -2.0
Crossbreed 244 OC - -5.0 -4.1

Awassi 298 OC -8.0 2.4 -4.0
Awassi 300 OC -5.8 0.1 -2.1
Friesian 751 OL -1.33 -0.57 1.42

goats

Saanen 100 EOC 4.9 2.6 0.0
Beni Arouss 200 OC -12.8 - -

Saanen 200 EOC -2.0 20.5 0.0
Murciano-Granadina 202 EOBP -8.7 26.7 9.6

Alpine 702 OL -2.13 1.17 1.27

OC = olive cake
EOC = ensiled olive cake
OL = olive leaves
OBSD = olive by-product silage; 

Effect of Olive by products on milk traits

The olive leaves did not change milk production and composition compared to control diet both in sheep and goats (∼700 g/kg DMI), because had 

conveniently replaced the forage of the control diet (alfalfa hay and wheat straw). 

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Olive by products on milk fatty acids profile

• Olive byproducts increased the nutritional quality of milk fat 

SFA

75th EAAP Annual Meeting 

Sheep

Goats

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Olive by products on milk fatty acids profile

• Olive byproducts increased the nutritional quality of milk fat: 

OA

MUFA

Dose range from 98-300 g/kg of DMI of Olive cake increased MUFA mainly OA

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Olive by products on milk fatty acids profile

• Olive byproducts increased the nutritional quality of milk fat 

VA (C18:1 t11)

RA (C18:2 c9t11)

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Olive BP induce changes in microbial populations including bacteria 
responsible for VA and RA hydrogenation to C18:0
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Effect of Olive leaves on milk fatty acids profile

Olive leaves increased LNA in sheep (+122%) and goat (+282%)

• Olive byproducts increased the nutritional quality of milk fat 

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Primary product
(agroindustrial by-product)

Tomato
(tomato pomace)

Primary product (tons)* 15,416,020
AIBP (%) from raw material** 5
AIBP, tons (FM) 770,801
AIBP, tons (DM) 94,809
Available protein (tons) 17,824
Available NDF (tons) 52,619

* FAOSTAT, 2022 (data for EU27); ** literature available; 

TOMATO by-product

FAOSTAT, 2022 (data for EU27) 
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Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: TOMATO
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Effect of Tomato by products on milk traits

The tomato pomace in small ruminant diets evidenced a significant depressive effect on milk production traits only in goats at 

the highest dose tested (600 g/kg of DMI)

Abbedou et al., 2011; Arco-Pérez et al., 2017; Mizael et al., 2020; Nudda et al.,2019; Romero-Huelva et al., 2012; Razzaghi et al., 2015

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Effect of Tomato by products on milk fatty acids profile

VA RA

LA

Tomato BP evidenced an overall decrease in SFA and LA and an increase in VA and RA as consequence of extensive 
biohydrogenation of LA to RA or to VA

Abbedou et al., 2011; Arco-Pérez et al., 2017; Buffa et al., 2020; Romero-Huelva et al., 2012; Razzaghi et al., 2015
TS = tomato silage
TP = tomato pomace

SFA

75th EAAP Annual Meeting 

Data are expressed as difference (in percentage) between treatment and control group 



Tomato by-products improve the 
antioxidant status of ewes

Diet P-value

CON TP D S D x S
FRAP, µmol ascorbic acid 0.86 0.95 * ** NS

ABTS, % inhibition 31.38 33.69 ** *** NS

GST, Units/ml 0.234 0.229 NS NS NS

GR, Units/ml 0.050 0.053 NS NS NS

GPx, Units/ml 0.061 0.077 ** NS *

SOD, Units/ml 13.339 13.312 NS NS NS

MDA, µM 0.476 0.594 ** NS NS

PC, nmol/ml 7.403 7.449 NS NS NS

• Tomato byproducts improve the total antioxidant capacity of blood (> FRAP, >ABTS and >GPx)
• The MDA was higher in TP ewes probably related to oxidation of lipid in tomato BP during drying process 

75th EAAP Annual Meeting 



Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17.0 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: COCOA
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 Pure alkaloid naturally present in cocoa products

Cocoa husks contain Theobromine

 Has been found to be toxic to animals when ingested in large amounts

 The limit of 300 mg of theobromine/kg of feedstuffs is imposed by EU legislation

Item CH

Theobromine (mg/kg DM) 6850

Total polyphenol (g GAE/100 of DM) 3.36

75th EAAP Annual Meeting 

Theobroma cacao L. 



Group

Item SBH CH50 CH100 P-value

Intake of DM/d 1.78 1.85 1.85 0.85

Yield (g/d) 1322 1303 1332 0.98

Milk composition

Fat (%) 5.53 5.76 5.97 0.48

Protein (%) 5.95 5.77 5.98 0.74

Casein (%) 4.57 4.44 4.62 0.78

Lactose (%) 4.81 4.85 4.64 0.16

Urea (mg/dL) 43.20 46.73 42.28 0.36

Log SCC (×1,000 cell/mL) 2.29 2.09 2.00 0.58

Cocoa husks can replace soybean hulls (control) in dairy 
sheep diets without affect the milk production traits

Theobromine content: 
• 130 mg/kg in CH50 diet 
• 252 mg/kg in CH100 diet 
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hematological parameters were within the physiological range for the sheep



Item

Diet

SBH CH50 CH100 P-value

FRAP, µmol ascorbic acid 0.82 0.85 0.94 0.13

ABTS, % inhibition 40.9 40.6 41.1 0.97

GSTS, units/ml 0.17 0.19 0.12 0.54

GR, units/ml 0.03 0.03 0.03 0.67

GPx, units/ml 0.07 0.07 0.08 0.45

SOD, units/ml 19.0 19.4 23.0 0.09

MDA, µM 0.53 0.44 0.43 0.16

PC, nmol/ml 2.9 2.7 2.2 <0.01

Cocoa husks in dairy sheep diets improve the antioxidant 
power of blood
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Cocoa husks (116.7 g/kg DM) can partially replace corn and barley of the CTRL concentrate in dairy 
sheep diets without affect the milk production traits
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Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17.0 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: COFFEE



Phenolic profile of spent ground coffee

Polyphenols mg/kg

Caffeic acid 885
Catechol 141
5-Caffeoylquinic acid 158
1,2,4 benzenetriol <0.1
Trigonellin 12.5
Ferulic acid 12393
Niacin 0.75

0
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Alkaloids mg/kg
Caffeine 894
Theobromine/Theophylline 283

Carta et al. 2022



Carta et al. 2022
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Phenolic profile of spent ground coffee

Polyphenols mg/kg

Caffeic acid 885
Catechol 141
5-Caffeoylquinic acid 158
1,2,4 benzenetriol <0.1
Trigonellin 12.5
Ferulic acid 12393
Niacin 0.75

0

Alkaloids mg/kg
Caffeine 894
Theobromine/Theophylline 283
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Spent ground coffee in the sheep and goat diets



Spent ground coffee supplementation to goats 
increased the antioxidant parameters  of blood

Item 

Diet
SEM

P-value

D0 D50 D100 L Q

FRAP, µmol ascorbic acid 0.72 0.71 0.82 0.02 0.02 0.06

ABTS, % inhibition 34.2 32.0 31.9 0.51 0.10 0.39

MDA, µM 0.78 0.68 0.66 0.02 0.01 0.40

PC, nmol/ml 8.89 8.81 8.72 0.21 0.61 0.98
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Milk caffeine in low dose (LD) and high dose (HD) groups supplemented with spent ground coffee 
across the five weeks of experimentation. 

Caffeine levels were not detectable in the control samples.

The carry-over of caffeine from diet to goat milk was about 3%

SGC intake transfer caffeine and caffeine metabolites 

into the milk.
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Grape Pomegranate Olive Tomato Cocoa Spent coffee 
ground 

Citrus 

Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean Min-Max

By-product from processes, % 22 20-25 55.3 49.0-67.0 42.5 35-60 5 4-7.5 72.5 70-75 65 59 49-69
Moisture, % 71.2 63.0-81.7 - 44.4 32.0-60.0 87.7 78.4-97.0 80.2 - 57.6 79.8 76.7-81.9

Chemical composition

Dry matter, % as fed 92.0 88.6-95.0 94.0 91.2-96.1 85.7 77.5-94.7 92.7 90.3-95.2 90.6 89.5-92.9 91.3 90.7 90.2-92.1
Protein, % DM 12.0 8.8-16.3 8.9 3.6-15.4 8.0 7.2-9.2 17.2 15.7-19.1 13.7 6.7-17.3 14.0 10.1-16.9 7.0 5.8-8.7
Fat, % DM 6.6 3.9-11.4 4.3 0.6-13.4 10.4 5.4-16.5 9.3 6.2-11.0 7.3 2.0-20.4 17 9.3-29.20 2.7 1.2-4.0
NDF, % DM 42.4 37.4-53.9 40.4 20.8-68.0 61.7 58.4-64.1 58.4 55.2-61.6 49.3 33-68.6 65.1 55.5-73 20.7 12.3-33.0
ADF, % DM 36.6 30.6-49.2 29.2 15.1-49.0 51.0 45.9-54.4 48.5 46.2-50.7 35.1 13.7-64.6 40.6 33.1-48 14.8 9.6-23.1
Ash, % DM 7.7 2.1-12.1 3.8 2.4-5.4 9.6 3.7-13.6 4.1 43.1-4.8 7.4 4.6-9.2 3.5 0.27-5.6 4.7 2.8-5.9
Total polyphenol,
g/kg DM

35.9 3-90 52.8 27.2-95.3 10.9 4.1-17.7 4.9 2.3-6.4 28.9 9.1-43.9 12.5 10-15 10.6 2.1-57.7

Main fatty acids (% on total FA)

Palmitic acid 9.6 5.5-12.5 3.8 3.5-4.2 13.1 9.1-17.5 13.9 11.5-15.6 24.5 22.4-26.8 33.0 31.8-33.8 24.5 17.7-29.4
Stearic acid 4.3 2.8-4.9 2.4 1.9-2.8 5.5 2.1-13.1 4.2 3.1-4.9 25.7 23.9-27.3 7.5 7.2-8.0 4.9 3.6-7.8
Oleic acid 15.2 9.6- 19.2 7.2 5.4-9.2 65.5 54.3-75.8 19.7 17.6-20.7 34.5 30.2-39.0 10.9 9.1-12.7 21 17.1-26.7
Linoleic acid 66.9 61.1-74.0 7.1 5.9-8.1 9.9 6.6-13.8 54.8 52.2-57.1 8.4 8.4-8.5 43.3 43-43.8 31.8 29.8-33.9
Alpha linolenic acid 1.4 0.2-3.7 0.2 0.1-0.4 0.9 0.3-1.46 2.9 2.6-3.2 0.6 0.5-0.7 1.1 0.8-1.5 5.7 2.6-8.2
Punicic acid - 73.8 71.2-77.2 - - - -

Chemical composition of Grape, Pomegranate, Olive, Tomato, Cocoa, Coffee, Citrus  byproducts

Non-conventional byproducts: CITRUS
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The fresh lemon pulp decrease 
milk yield with the highest dose (= 
2 kg/day).
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fresh lemon pulp 1 kg/day of FLP (FLP12 kg/day of FLP (FLP2).

Citrus by-products in dairy sheep

..but increased in cheese the total 
phenolic content and their 
antioxidant activity, proportional 
to the level of by-product intake.



Citrus by-products in dairy sheep
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The dried orange pulp in dose of 10% (DM basis) in replacing the 
cane molasses and beet pulp present in the pelleted feed of the 
control group.
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The AIBP in sheep diets tended to decrease milk somatic cell 
counts.

Data are expressed as difference (in percentage) between the treatment and the control group 
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Final remarks

Benefits

• Non-conventional agro-industrial BP rich in 
polyphenols could be included in concentrate 
formulation as “functional ingredients” or to 
replace ingredients with high digestible fiber

• Proper polyphenol amount improve the 
antioxidant "power" of animals and milk.

• Polyphenols could improve animal health status 
and contribute to reduce the use of drugs in the 
livestock sector.

Limitations

• High amount of water

• Technical tool for preservation and storage often 
has high costs and energy consumption.

• Seasonal production

• Spatial dispersion

• Molecules with potential negative effects  (e.g. 
theobromine)

75th EAAP Annual Meeting 



75th EAAP Annual Meeting
1/5 September 2024 -
Florence, Italy

Thanks for your 
attention

NextGenerationEU; PNRR M4C2, CN00000022 AGRITECH. 

Anna Nudda: anudda@uniss.it


	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Topics that will presented
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Dietary trans vaccenic acid (TVA) from ruminant derived food directly promotes anti-tumour immunity in vivo.
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Main phenolic compounds in pomegranate byproduct
	Diapositiva numero 25
	Punicic acid �(omega-5)
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30
	Pomegranate has been tested in ewes naturally infected with GI nematodes
	The percentage of fecal eggs was significantly reduced  in sheep supplemented with P. granatum extract (PG) or with albendazole (AG) compared the untreated sheep (CG)
	Lower infection … higher milk yield
	Diapositiva numero 34
	Diapositiva numero 35
	Diapositiva numero 36
	Diapositiva numero 37
	Polyphenols in Olive by-products�
	Polyphenols in Olive by-products�
	Diapositiva numero 40
	Diapositiva numero 41
	Diapositiva numero 42
	Diapositiva numero 43
	Diapositiva numero 44
	Diapositiva numero 45
	Diapositiva numero 46
	Diapositiva numero 47
	Diapositiva numero 48
	Diapositiva numero 49
	Diapositiva numero 50
	Diapositiva numero 51
	Diapositiva numero 52
	Diapositiva numero 53
	Diapositiva numero 54
	Diapositiva numero 55
	Diapositiva numero 56
	Diapositiva numero 57
	Diapositiva numero 58
	Diapositiva numero 59
	Diapositiva numero 60
	Diapositiva numero 61
	Diapositiva numero 62
	Diapositiva numero 63
	Diapositiva numero 64
	Diapositiva numero 65
	Diapositiva numero 66
	Diapositiva numero 67
	Final remarks
	Diapositiva numero 69

