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Introduction 

Challenges in Livestock Industry
• Food-feed-fuel competition
• Rising feed price
• Climate changing
• Consumers demand high-quality products and 

animal welfare

Need for alternative feed formulations
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Introduction 

Agro-Industrial By-Products
• 20%-33% of agrifood productivity
• Local availability and competitive pricing
• Contain human-inedible nutrients and bioactive compounds
• Disposal costs
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Objective 

To evaluate the impact of supplementing 
grazing lactating Comisana ewes with a 
concentrate composed of agro-industrial by-
products on the quality traits of cheese.
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Methods
Animals and diet 

Adapting 
period

15 37 42
days

63.96 kg 
1054.17 g milk/d Weekly samplings

EXP (N=12)

CTRL (N=12)

CTRL concentratePasture

EXP concentratePasture
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Methods
Diet: pasture

Pasture botanical composition Avena barbata Pott ex Link
Brachypodium rupestre (Host) Roem. & Schult.
Cichorium intybus L.
Clinopodium nepeta (L.) Kuntze subsp. nepeta
Convolvulus arvensis L.
Crepis neglecta L. subsp. neglecta
Dactylis glomerata L. subsp. glomerata
Daucus carota L. subsp. carota
Lolium perenne L.
Lotus corniculatus L. subsp. corniculatus
Plantago lanceolata L.
Potentilla reptans L.
Silene latifolia Poir.
Trifolium pratense L. subsp. pratense
Trifolium repens L.
Verbascum sinuatum L.
Others

Others: 
33  species

Total identified: 
49 species
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Methods
Diet: concentrates

Control concentrate ingredients

 Barley 35%
 Corn 30%
 Soybean meal  24%
 Wheat bran 7%
 Molasses 4%
 Vitamin and mineral mix 0.4%
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Methods
Diet: concentrates

Experimental concentrate ingredients

 Wheat Bran 25%
 Alfalfa 20%
 Distillers 24%
 Rice husks 15%
 Olive pomace 10%
 Tomato peels 8%
 Molasses 2%
 Vitamin and mineral mix 0.4%
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Methods
Cheesemaking and analyses

37 42
days

EXP (N=4)

CTRL (N=4)

Statistical Analysis
• FA, AOX 

Linear model: β₀ + β₁ * Diet + 
Cheese Wheelrandom

• TBARS, CIELab, Sensory
Mixed Model: β₀ + β₁ * Diet + β₂ * 

Time + β₃ * (Diet × Time) + Cheese 
Wheelrandom

Principal Component Analisys

Lab Analysis
Fatty acids (FA)

Antioxidant capacity (AOX)
Lipid oxidation (TBARS, 0, 3, 7 days)

Color evolution (CIELab, 0, 3, 7 days)
Sensory properties (0, 3, 7 days)

Triangular test (0, 3, 7 days)

Cheesemaking
Bulk milk of the two groups 

collected for 5 days
Stored at -30°C until cheesemaking 

(1 batch).
Standard cheesemaking  for 

caciotta pecorino cheese
50 days of ageing
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Results
Cheese yield and chemical 

composition

0,0 10,0 20,0

Day 50

Day 0

%

Cheese yield

CTRL EXP

CTRL EXP SEM P-value
DM (%) 63.9 66.3 1.06 0.316
N total (%DM) 39.1 37.6 1.11 0.559
EE (%DM) 53.1 51.4 0.584 0.178
Ash (%DM) 4.23 5.04 0.228 0.058
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Results
Fatty acids

**

***

NS

0,000

5,000

10,000

15,000

20,000

25,000

CTRL EXP

g/
10

0g

Cheese fat content

SFA MUFA PUFA

Cheese saturated fatty acids
P-value

CTRL EXP
C4:0 0.072 0.073 0.011 0.961
C6:0 0.817 0.456 0.093 0.023
C8:0 1.807 0.824 0.224 0.000
C10:0 7.303 2.799 1.020 0.000
C12:0 4.093 1.840 0.507 0.000
C14:0 10.000 6.463 0.800 0.000
C15:0 0.883 0.836 0.018 0.201
C16:0 23.859 23.336 0.465 0.631
C17:0 0.574 0.573 0.015 0.975
C18:0 11.860 15.531 0.881 0.007
C20:0 0.029 0.018 0.005 0.285
C21:0 0.115 0.090 0.018 0.550
C22:0 0.148 0.187 0.009 0.001
C23:0 0.068 0.076 0.003 0.191
C24:0 0.063 0.096 0.008 0.007

SEMDiet

Cheese saturated fatty acids
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Results
Fatty acids

Cheese unsaturated fatty acids
P-value

CTRL EXP
MUFA 24.763 34.257 2.210 0.002
C12:1 c9 0.098 0.050 0.011 0.001
C14:1 t9 0.299 0.227 0.016 0.001
C14:1 c9 0.196 0.109 0.020 0.000
C16:1 t9 0.129 0.203 0.018 0.009
C17:1 c9 0.793 0.674 0.030 0.013
C18:1 t678 0.284 0.759 0.108 0.000
C18:1 t9 0.362 0.710 0.079 0.000
C18:1 t10 0.847 1.061 0.055 0.021
C18:1 t11 1.580 3.148 0.355 0.000
C18:1 c6 0.756 1.323 0.128 0.000
C18:1 c9 18.584 24.893 1.500 0.005
C18:1 c11 0.371 0.432 0.014 0.001
C18:1 c12 0.293 0.486 0.044 0.000

Diet SEM
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P-value
PUFA CTRL EXP
C18:2 n-6 2.615 2.983 0.100 0.043
C18:3 n-3 0.415 0.481 0.017 0.028
C18:2 c9t11 0.725 1.312 0.134 0.001

SEMDiet


Feed chimiche e AG

										Chemical composition of concentrates												CTRL										EXP

										Ingredients (%)				CTRL feed		EXP feed						Corn		30.0								Rice husk		14.7

										Corn				30.0		-						Soybean meal		24.0								Bran		24.8

										Soybean meal				24.0		-						Barley		35.0								Alfalfa hay 		20.0

										Barley				35.0		-						Bran		7.0								Olive pomace		10.0

										Rice husk				-		14.7						Molasses		3.5								Distillers		19.6

										Bran				7.0		24.8						Mineral and vitamin mix		0.4								Tomato Peels		8.0

										Alfalfa hay 				-		20.0																Molasses		2.4

										Olive pomace				-		10.0																Mineral and vitamin mix		0.4

										Distillers				-		19.6

										Tomato Peels				-		8.0

										Molasses				3.5		2.4

										Mineral and vitamin mix				0.4		0.4

										Chemical composition (%DM)

										DM				88.77		88.95

										Crude protein (CP)				21.15		20.31

										Ether Extract (EE)				2.98		7.59

										Ash				3.74		6.63

										Fibrous fractions (%)

										NDF				44.26		43.18

										ADF				8.43		25.54

										ADL				2.53		9.38

										Protein fractions (%CP)

										A				12.92		22.40

										B1				8.14		8.28

										B2				57.95		34.89

										B3				14.92		15.55

										C				6.07		18.88



										Energy 

										ED

										EM



										FA (g/100g total FA)

										Phenols (g/kg DM)

										Total phenols				13.94		16.46

										Tannins				2.91		4.51

										3Dry matter DM

										4NDF=neutral detergent fiber, ADF = acid detergent fiber; ADL = acid detergent lignin

										5Crude protein

										6A = NPN; B1 = buffer-soluble true protein; B2 = buffer-insoluble protein – neutral detergent soluble protein; B3 = neutral detergent insoluble protein – acid detergent insoluble protein; C = acid detergent insoluble protein.









Corn	Soybean meal	Barley	Bran	Molasses	Mineral and vitamin mix	30	24	35	7	3.5	0.4	







Rice husk	Bran	Alfalfa hay 	Olive pomace	Distillers	Tomato Peels	Molasses	Mineral and vitamin mix	14.69278717720392	24.844167408726602	20	10	19.590382902938558	8.0142475512021374	2.4042742653606415	0.4	





Latte

				Milk - chemical composition

						Diet				SEM		P-value

						CTRL		EXP				Time		Diet		Time x Diet

				Milk yield (g)		709.20		748.90		37.80		0.000		0.793		0.674

				Milk pH		6.30		6.31		0.013		0.000		0.650		0.457

				Milk composition

				Fat (%)		7.93		7.97		0.139		0.015		0.756		0.283

				Protein (%)		5.85		5.54		0.052		0.034		0.209		0.433

				Casein (%)		4.44		4.12		0.044		0.051		0.107		0.540

				Casein index 		75.74		74.35		0.179		0.479		0.014		0.865

				Lactose (%)		4.47		4.46		0.020		0.125		0.816		0.933

				LS		5.42		4.98		0.166		0.102		0.642		0.248

				Urea  (mg/dL)		50.17		36.18		0.889		0.000		0.000		0.972

				r (min)		19.26		18.74		0.513		0.000		0.749		0.268

				k20 (min)		2.60		2.28		0.247		0.167		0.611		0.400

				a 30 (mm)		48.33		48.70		1.710		0.001		0.931		0.740







Formaggio chimiche e aox

		ANALISI FORMAGGIO ALL-IN 2024



																																Medie

				A				B				C								CTRL/SPER		SS %tq		NT (%ss)		EE (%ss)		CE (%ss)				SS %tq		NT (%ss)		EE (%ss)		CE (%ss)

				%TQ		%SS		%TQ		%SS		%TQ		%SS				A		CTRL		63.84		40.17		52.78		3.77

		S.S.		63.84		100		62.75		100		65.11		100				B		CTRL		62.75		40.86		53.09		4.2

		NT		25.65		40.17		25.64		40.86		23.55		36.17				C		CTRL		65.11		36.17		53.44		4.72		CTRL		63.90		39.07		53.10		4.23

		EE		33.7		52.78		33.31		53.09		34.79		53.44				D		SPER		64.58		40.55		51.18		5.19

		CE		2.41		3.77		2.64		4.2		3.07		4.72				E		SPER		70.13		34.15		49.88		5.18

																		F		SPER		64.06		37.98		53.29		4.76		SPER		66.26		37.56		51.45		5.04





				D				E				F

				%TQ		%SS		%TQ		%SS		%TQ		%SS

		S.S.		64.58		100		70.13		100		64.06		100

		NT		26.19		40.55		23.95		34.15		24.33		37.98

		EE		33.05		51.18		34.98		49.88		34.14		53.29												CTRL		SPER

		CE		3.35		5.19		3.63		5.18		3.05		4.76										SS %tq		63.90		66.26

																								NT (%DM)		39.07		37.56

																								EE (%DM)		53.10		51.45

																								CE (%DM)		4.23		5.04

								Chemical composition and antioxidant capacity of cheese

										CTRL		EXP		SEM		P-value

								Cheese yield (%)

								Cheese Yield (%0gg)		21.43		18.62		1.987		0.134

								Cheese Yield (%30gg)		16.54		15.65		0.629		0.532

								Chemical composition (%DM)

								DM (%TQ)		63.90		66.26		1.06		0.316

								N total		39.07		37.56		1.11		0.559

								EE 		53.10		51.45		0.584		0.178

								Ash		4.23		5.04		0.228		0.058

								Folin assay (mg/100g cheese)		7.762		9.484		0.345		0.040

								TEAC (umol trolox/ g cheese)		1.240		1.440		0.111		0.057

								FRAP (umol Fe/100g)		291.100		254.200		11.500		0.112











Formaggio AG

				Acidi grassi																														PPT

						Diet				SEM		P-value																						Cheese fatty acid composition 

						CTRL		EXP																												Diet				SEM		P-value						Cheese saturated fatty acids

				Fat (g/100g)		25.84		24.05		0.028		0.760																								CTRL		EXP												Diet				SEM		P-value

				FA (% of total fat)																														Fat (g/100g)		25.84		24.05		0.028		0.760								CTRL		EXP

				C4_0		0.072		0.073		0.011		0.961																						SFA		61.692		53.200										C4:0		0.072		0.073		0.011		0.961

				C6_0		0.817		0.456		0.093		0.023		v																				MUFA		24.763		34.257										C6:0		0.817		0.456		0.093		0.023

				C8_0		1.807		0.824		0.224		0.000		v																				PUFA		5.208		5.665										C8:0		1.807		0.824		0.224		0.000

				C10_0		7.303		2.799		1.020		0.000		v								CTRL		EXP																								C10:0		7.303		2.799		1.020		0.000

				C12_0		4.093		1.840		0.507		0.000		v						SFA		15.941		12.795																								C12:0		4.093		1.840		0.507		0.000

				C12_1_c9		0.098		0.050		0.011		0.001		v						MUFA		6.399		8.239																								C14:0		10.000		6.463		0.800		0.000

				C14_0		10.000		6.463		0.800		0.000		v						PUFA		1.346		1.362																								C15:0		0.883		0.836		0.018		0.201

				C14_1_t9		0.299		0.227		0.016		0.001		v																																		C16:0		23.859		23.336		0.465		0.631

				iso15		0.495		0.382		0.027		0.005		v																																		C17:0		0.574		0.573		0.015		0.975

				C14_1_c9		0.196		0.109		0.020		0.000		v																																		C18:0		11.860		15.531		0.881		0.007

				anteiso15		0.065		0.024		0.010		0.008		v																																		C20:0		0.029		0.018		0.005		0.285

				C15_0		0.883		0.836		0.018		0.201																																				C21:0		0.115		0.090		0.018		0.550

				C16_0		23.859		23.336		0.465		0.631																																				C22:0		0.148		0.187		0.009		0.001

				C16_1_t9		0.129		0.203		0.018		0.009																																				C23:0		0.068		0.076		0.003		0.191

				C17_iso		0.566		0.502		0.019		0.098																																				C24:0		0.063		0.096		0.008		0.007

				C17_1_c9		0.793		0.674		0.030		0.013		v

				C17_anteiso		0.468		0.385		0.019		0.003		v																																				Diet

				C17_0		0.574		0.573		0.015		0.975																																						CTRL		EXP

				C18_0		11.860		15.531		0.881		0.007		v																																		UFA		29.971		39.922		2.280		0.001

				C18_1_t678		0.284		0.759		0.108		0.000		v

				C18_1_t9		0.362		0.710		0.079		0.000		v																																		Cheese saturated fatty acids

				C18_1_t10		0.847		1.061		0.055		0.021		v																																				Diet				SEM		P-value

				C18_1_t11		1.580		3.148		0.355		0.000		v																																				CTRL		EXP

				C18_1_c6		0.756		1.323		0.128		0.000		v																																		MUFA		24.763		34.257		2.210		0.002

				C18_1_c9		18.584		24.893		1.500		0.005		v																																		C12:1 c9		0.098		0.050		0.011		0.001

				C18_1_c11		0.371		0.432		0.014		0.001		v																																		C14:1 t9		0.299		0.227		0.016		0.001

				C18_1_c12		0.293		0.486		0.044		0.000		v																																		C14:1 c9		0.196		0.109		0.020		0.000

				C18_2_c9c12 (LNA)		2.615		2.983		0.100		0.043		v																																		C16:1 t9		0.129		0.203		0.018		0.009

				C20_0		0.029		0.018		0.005		0.285																																				C17:1 c9		0.793		0.674		0.030		0.013

				C18_3_c6c9c12		0.345		0.446		0.030		0.083																																				C18:1 t678		0.284		0.759		0.108		0.000

				C20_1_t11		0.027		0.000		0.013		0.374																						C18_3_c6c9c12		0.345		0.446		0.030		0.083						C18:1 t9		0.362		0.710		0.079		0.000

				C18_3c9c12c15		0.415		0.481		0.017		0.028		v																																		C18:1 t10		0.847		1.061		0.055		0.021

				C20_1c11		0.083		0.137		0.015		0.062																																				C18:1 t11		1.580		3.148		0.355		0.000

				C18_2_c9t12		0.725		1.312		0.134		0.001		0.4472910172		meno attività mo rumine ma molta + fibra																																C18:1 c6		0.756		1.323		0.128		0.000

				C21_0		0.115		0.090		0.018		0.550				digeribilità fibra molto peggiore in sper																																C18:1 c9		18.584		24.893		1.500		0.005

				C18_210c12		0.057		0.018		0.020		0.392				tempo di transito ruminale maggiore per sper																																C18:1 c11		0.371		0.432		0.014		0.001

				C20_2c11c14		0.033		0.028		0.006		0.676				lavorato su ag del pascolo più a lungo																																C18:1 c12		0.293		0.486		0.044		0.000

				C20_4c5		0.400		0.146		0.099		0.233				gli intermedi vengono dall'oleico della sansa (isomeri 18:1c9) moslay 

				C22_1c13		0.035		0.024		0.007		0.500

				C23_0		0.068		0.076		0.003		0.191

				C22_2_c13c16		0.066		0.032		0.016		0.342																																				PUFAn3		0.859		0.645		0.050		0.407

				20_5c5		0.056		0.053		0.002		0.483																																				n6/n3		4.643		5.727		0.114		0.302

				24_0		0.063		0.096		0.008		0.007		v																																				Diet				SEM		P-value

				C24_1_c15		0.027		0.021		0.003		0.431																																						CTRL		EXP

				C22_4_c8,11,14,17 (ETA)		0.025		0.014		0.004		0.221																																				C18:2 c9c12 (LNA)		2.615		2.983		0.100		0.043

				C22_5_c4		0.068		0.024		0.018		0.267																																				C18:3c9c12c15		0.415		0.481		0.017		0.028

				C22_5_c5,8,11,14,17 EPA		0.089		0.070		0.005		0.035		v																																		C18:2 c9t12		0.725		1.312		0.134		0.001

				C22_6_c4,7,10,13,16,19 (DHA)		0.040		0.030		0.003		0.071																																				C18:210c12		0.057		0.018		0.020		0.392

				SFA		61.692		53.200		2.080		0.011		15.963																																		C20:2c11c14		0.033		0.028		0.006		0.676

				UFA		29.971		39.922		2.280		0.001		33.203																																		C20:3c8c11c14		0.015		0.019		0.003		0.495

				MUFA		24.763		34.257		2.210		0.002		-27.714																																		c20:3c11c14c17		0.259		0.010		0.126		0.383

				PUFA		5.208		5.665		0.172		0.213		v																																		C20:4c5		0.400		0.146		0.099		0.233

				OBCFA		1.594		1.293		0.073		0.010		v																																		C22:1c13		0.035		0.024		0.007		0.500

				PUFAn6		3.566		3.691		0.123		0.254																																				C22:2 c13c16		0.066		0.032		0.016		0.342

				PUFAn3		0.859		0.645		0.050		0.407																																				20:5c5		0.056		0.053		0.002		0.483

				n6/n3		4.643		5.727		0.114		0.302																																				C22:4 c8,11,14,17 (ETA)		0.025		0.014		0.004		0.221

				t10/t11		0.536		0.337		0.476		0.000																																				C22:5 c4		0.068		0.024		0.018		0.267

				AI		2.330		1.323		0.045		0.000																																				C22:5 c5,8,11,14,17 EPA		0.089		0.070		0.005		0.035

				TI		3.010		2.357		0.227		0.998																																				C22:6 c4,7,10,13,16,19 (DHA)		0.040		0.030		0.003		0.071

				Delta 9 C17 activity 		61.045		61.578		0.159		0.003

				Delta 9 C18 activity 		58.060		54.028		0.948		0.004																																						Diet

				Elongase activity		55.883		63.199		0.126		0.000																																						CTRL		EXP

																																																OBCFA		1.594		1.293		0.073		0.010

																																																iso15		0.495		0.382		0.027		0.005

																																																anteiso15		0.065		0.024		0.010		0.008

																																																C17:iso		0.566		0.502		0.019		0.098

																																																C17:anteiso		0.468		0.385		0.019		0.003

																																																		Diet

																																																Indexes		CTRL		EXP

																																																t10/t11		0.536		0.337		0.476		0.000

																																																AI		2.330		1.323		0.045		0.000

																																																TI		3.010		2.357		0.227		0.998

																																																Delta 9 C17 activity 		61.045		61.578		0.159		0.003

																																																Delta 9 C18 activity 		58.060		54.028		0.948		0.004

																																																Elongase activity		55.883		63.199		0.126		0.000





Fat (g/100g)	CTRL	EXP	Diet	25.839641478573398	24.050179690075876	







SFA	CTRL	EXP	15.941046623962581	12.794634068562171	MUFA	CTRL	EXP	6.3986650030544343	8.2388946916842674	PUFA	CTRL	EXP	1.3456595145244663	1.3624163989321365	









Formaggio TBARS e colore









						Indici colorimetrici e TBARS formaggio - Effetto del tempo e della dieta

								Diet				Time						SEM		P-value

								CTRL		SPER		t0		t1		t2				D		T		DxT

						L* (10°/A)		81.515		81.544		81.577		81.423		81.613		0.275		0.969		0.951		0.690

						a* (10°/A)		2.079		2.211		2.104		2.186		2.125		0.0333		0.138		0.555		0.482

						b* (10°/A)		12.830		14.791		13.254		14.045		13.854		0.315		0.025		0.550		0.512

						C* (10°/A)		13.003		14.956		13.426		14.217		14.020		0.312		0.026		0.542		0.513

						h (10°/A)		80.626		81.439		80.739		81.090		81.122		0.235		0.093		0.820		0.490

						TBARS (mg/kg cheese)		0.591		0.444		0.514		0.568		0.469		0.0427		0.519		0.178		0.032*

						*No differences found after Tukey's correction 







Colore: Indice differenze percepite tra tempi

CTRL	T1-T0	T2-T1	T2-T0	1.5434723409520308	0.83580092991360266	0.93322477873999099	EXP	T1-T0	T2-T1	T2-T0	0.95804361562739948	0.47027252737109204	1.0257289074929377	T0vsT1                       T1vsT2                      T2vsT0

ΔE





soglia di percezione differenze



TBARS e colore interazioni DxT

																																																				TBARS

																COLORE

																																												Indici colorimetrici e TBARS formaggio - Interazioni DxT (evoluzione dei due formaggi nei 3 tempi)

										Indici colorimetrici e TBARS formaggio - Interazioni DxT (evoluzione dei due formaggi nei 3 tempi)																																				T0				T1				T2				SEM		P-value

												T0				T1				T2				SEM		P-value																				CTRL		SPER		CTRL		SPER		CTRL		SPER				D		T		DxT

												CTRL		SPER		CTRL		SPER		CTRL		SPER				D		T		DxT														TBARS (mg/kg cheese)		0.460a		0.570a		0.754a		0.383a		0.558a		0.381a		0.043		0.519		0.178		0.032*

										L* (10°/A)		81.066		82.089		81.537		81.31		81.719		81.507		0.275		0.969		0.951		0.690														TBARS (mg/kg cheese)		0.460b		0.570ab		0.754a		0.383b		0.558ab		0.381b		0.043		0.519		0.178		0.032**

										a* (10°/A)		2.1067		2.1022		2.1233		2.2492		2.0208		2.2283		0.033		0.138		0.555		0.482

										b* (10°/A)		11.98		14.53		13.447		14.643		12.638		15.069		0.315		0.025		0.550		0.512		No interazioni												No lettere: no differenza signficativa.  a,b: La differenza è significativa se le medie non condividono alcuna letterea

										C* (10°/A)		12.17		14.68		13.617		14.816		12.806		15.233		0.312		0.026		0.542		0.513

										h (10°/A)		79.82		81.663		80.942		81.239		80.717		81.527		0.235		0.093		0.820		0.490														*No differences found after Tukey's correction (95% confidence)

																																												**Differences found using Fisher LDS method (95% confidence) - ma noi usiamo Tukey o Bonferroni

																																												I valori dei TBARS sono smepre inferiori alla soglia di percezione del rancido 

																																														Tempo (giorni)		TBARS (mg/kg cheese)

																																																CTRL		SPER

																																														0		0.460		0.570

																																														3		0.754		0.383

																																														7		0.558		0.381









































































L* (10°/A) DxT



L* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	81.066000000000003	82.088999999999999	81.537000000000006	81.31	81.718999999999994	81.507000000000005	





a* (10°/A) DxT



a* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	2.1067	2.1021999999999998	2.1233	2.2492000000000001	2.0207999999999999	2.2282999999999999	





b* (10°/A) DxT



b* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	11.98	14.53	13.446999999999999	14.643000000000001	12.638	15.069000000000001	





C* (10°/A) DxT



C* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	12.17	14.68	13.617000000000001	14.816000000000001	12.805999999999999	15.233000000000001	





h (10°/A) DxT



h (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	79.819999999999993	81.662999999999997	80.941999999999993	81.239000000000004	80.716999999999999	81.527000000000001	





TBARS (mg/kg cheese)  DxT



TBARS (mg/kg cheese)	CTRL	b

a

ab



0	3	7	0.46	0.754	0.55800000000000005	TBARS (mg/kg cheese)	SPER	ab

b

b



0	3	7	0.56999999999999995	0.38300000000000001	0.38100000000000001	Tempo (giorni)





TBARS











Formaggio Panel
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Feed chimiche e AG

										Chemical composition of concentrates												CTRL										EXP

										Ingredients (%)				CTRL feed		EXP feed						Corn		30.0								Rice husk		14.7

										Corn				30.0		-						Soybean meal		24.0								Bran		24.8

										Soybean meal				24.0		-						Barley		35.0								Alfalfa hay 		20.0

										Barley				35.0		-						Bran		7.0								Olive pomace		10.0

										Rice husk				-		14.7						Molasses		3.5								Distillers		19.6

										Bran				7.0		24.8						Mineral and vitamin mix		0.4								Tomato Peels		8.0

										Alfalfa hay 				-		20.0																Molasses		2.4

										Olive pomace				-		10.0																Mineral and vitamin mix		0.4

										Distillers				-		19.6

										Tomato Peels				-		8.0

										Molasses				3.5		2.4

										Mineral and vitamin mix				0.4		0.4

										Chemical composition (%DM)

										DM				88.77		88.95

										Crude protein (CP)				21.15		20.31

										Ether Extract (EE)				2.98		7.59

										Ash				3.74		6.63

										Fibrous fractions (%)

										NDF				44.26		43.18

										ADF				8.43		25.54

										ADL				2.53		9.38

										Protein fractions (%CP)

										A				12.92		22.40

										B1				8.14		8.28								EXP		CTRL

										B2				57.95		34.89				ADL				9.38		2.53

										B3				14.92		15.55

										C				6.07		18.88

										Phenols (g/kg DM)								Chemical composition (%DM)						2.53

										Total phenols				13.94		16.46		Phenols (g/kg DM)

										Tannins				2.91		4.51		Total phenols				13.94		16.46

																		Tannins				2.91		4.51



										Energy 

										ED

										EM



										FA (g/100g total FA)

										3Dry matter DM

										4NDF=neutral detergent fiber, ADF = acid detergent fiber; ADL = acid detergent lignin

										5Crude protein

										6A = NPN; B1 = buffer-soluble true protein; B2 = buffer-insoluble protein – neutral detergent soluble protein; B3 = neutral detergent insoluble protein – acid detergent insoluble protein; C = acid detergent insoluble protein.









Corn	Soybean meal	Barley	Bran	Molasses	Mineral and vitamin mix	30	24	35	7	3.5	0.4	







Rice husk	Bran	Alfalfa hay 	Olive pomace	Distillers	Tomato Peels	Molasses	Mineral and vitamin mix	14.69278717720392	24.844167408726602	20	10	19.590382902938558	8.0142475512021374	2.4042742653606415	0.4	



Concentrates ADL



EXP	CTRL	9.3813128847979925	2.5299999999999998	







Latte

				Milk - chemical composition

						Diet				SEM		P-value

						CTRL		EXP				Time		Diet		Time x Diet

				Milk yield (g)		709.20		748.90		37.80		0.000		0.793		0.674

				Milk pH		6.30		6.31		0.013		0.000		0.650		0.457

				Milk composition

				Fat (%)		7.93		7.97		0.139		0.015		0.756		0.283

				Protein (%)		5.85		5.54		0.052		0.034		0.209		0.433

				Casein (%)		4.44		4.12		0.044		0.051		0.107		0.540

				Casein index 		75.74		74.35		0.179		0.479		0.014		0.865

				Lactose (%)		4.47		4.46		0.020		0.125		0.816		0.933

				LS		5.42		4.98		0.166		0.102		0.642		0.248

				Urea  (mg/dL)		50.17		36.18		0.889		0.000		0.000		0.972

				r (min)		19.26		18.74		0.513		0.000		0.749		0.268

				k20 (min)		2.60		2.28		0.247		0.167		0.611		0.400

				a 30 (mm)		48.33		48.70		1.710		0.001		0.931		0.740







Formaggio chimiche e aox

		ANALISI FORMAGGIO ALL-IN 2024



																																Medie

				A				B				C								CTRL/SPER		SS %tq		NT (%ss)		EE (%ss)		CE (%ss)				SS %tq		NT (%ss)		EE (%ss)		CE (%ss)

				%TQ		%SS		%TQ		%SS		%TQ		%SS				A		CTRL		63.84		40.17		52.78		3.77

		S.S.		63.84		100		62.75		100		65.11		100				B		CTRL		62.75		40.86		53.09		4.2

		NT		25.65		40.17		25.64		40.86		23.55		36.17				C		CTRL		65.11		36.17		53.44		4.72		CTRL		63.90		39.07		53.10		4.23

		EE		33.7		52.78		33.31		53.09		34.79		53.44				D		SPER		64.58		40.55		51.18		5.19

		CE		2.41		3.77		2.64		4.2		3.07		4.72				E		SPER		70.13		34.15		49.88		5.18

																		F		SPER		64.06		37.98		53.29		4.76		SPER		66.26		37.56		51.45		5.04





				D				E				F

				%TQ		%SS		%TQ		%SS		%TQ		%SS

		S.S.		64.58		100		70.13		100		64.06		100

		NT		26.19		40.55		23.95		34.15		24.33		37.98																						EXP		CTRL

		EE		33.05		51.18		34.98		49.88		34.14		53.29												CTRL		SPER						Day 30 		16.54		15.65

		CE		3.35		5.19		3.63		5.18		3.05		4.76										SS %tq		63.90		66.26						Day 0		21.43		18.62

																								NT (%DM)		39.07		37.56

																								EE (%DM)		53.10		51.45

																								CE (%DM)		4.23		5.04

								Chemical composition and antioxidant capacity of cheese

										CTRL		EXP		SEM		P-value

								Cheese yield (%)

								Cheese Yield (%0gg)		21.43		18.62		1.987		0.134

								Cheese Yield (%30gg)		16.54		15.65		0.629		0.532

								Chemical composition (%DM)

								DM (%TQ)		63.90		66.26		1.06		0.316								CTRL		EXP		SEM		P-value

								N total		39.07		37.56		1.11		0.559								Folin assay (mg/100g cheese)		7.762		9.484

								EE 		53.10		51.45		0.584		0.178								TEAC (umol trolox/ g cheese)		1.240		1.440

								Ash		4.23		5.04		0.228		0.058								FRAP (umol Fe/100g)		291.100		254.200

										CTRL		EXP

								Folin assay (mg/100g cheese)		7.762		9.484		0.345		0.040

														0.111		0.057												CTRL		EXP		SEM		P-value

										CTRL		EXP		11.500		0.112										DM (%TQ)		63.90		66.26		1.06		0.316

								TEAC (umol trolox/ g cheese)		1.240		1.440														N total (%DM)		39.07		37.56		1.11		0.559

																										EE (%DM)		53.10		51.45		0.584		0.178

										CTRL		EXP														Ash		4.23		5.04		0.228		0.058

								FRAP (umol Fe/100g)		291.100		254.200



Cheese yield



EXP	Day 30 	Day 0	16.54	21.43	CTRL	Day 30 	Day 0	15.65	18.62	

%











CTRL	DM (%TQ)	N total (%DM)	EE (%DM)	63.9	39.06666666666667	53.103333333333332	EXP	DM (%TQ)	N total (%DM)	EE (%DM)	66.256666666666661	37.559999999999995	51.449999999999996	









Folin assay (mg/100g cheese)	CTRL	EXP	7.7619999999999996	9.484	







TEAC (umol trolox/ g cheese)	CTRL	EXP	1.24	1.44	







Formaggio AG

				Acidi grassi																														PPT

						Diet				SEM		P-value																						Cheese fatty acid composition 

						CTRL		EXP																												Diet				SEM		P-value						Cheese saturated fatty acids

				Fat (g/100g)		25.84		24.05		0.028		0.760																								CTRL		EXP												Diet				SEM		P-value

				FA (% of total fat)																														Fat (g/100g)		25.84		24.05		0.028		0.760								CTRL		EXP

				C4_0		0.072		0.073		0.011		0.961																						SFA		61.692		53.200										C4:0		0.072		0.073		0.011		0.961

				C6_0		0.817		0.456		0.093		0.023		v																				MUFA		24.763		34.257										C6:0		0.817		0.456		0.093		0.023

				C8_0		1.807		0.824		0.224		0.000		v																				PUFA		5.208		5.665										C8:0		1.807		0.824		0.224		0.000

				C10_0		7.303		2.799		1.020		0.000		v								CTRL		EXP																								C10:0		7.303		2.799		1.020		0.000

				C12_0		4.093		1.840		0.507		0.000		v						SFA		15.941		12.795																								C12:0		4.093		1.840		0.507		0.000

				C12_1_c9		0.098		0.050		0.011		0.001		v						MUFA		6.399		8.239																								C14:0		10.000		6.463		0.800		0.000

				C14_0		10.000		6.463		0.800		0.000		v						PUFA		1.346		1.362																								C15:0		0.883		0.836		0.018		0.201

				C14_1_t9		0.299		0.227		0.016		0.001		v																																		C16:0		23.859		23.336		0.465		0.631

				iso15		0.495		0.382		0.027		0.005		v																																		C17:0		0.574		0.573		0.015		0.975

				C14_1_c9		0.196		0.109		0.020		0.000		v																																		C18:0		11.860		15.531		0.881		0.007

				anteiso15		0.065		0.024		0.010		0.008		v																																		C20:0		0.029		0.018		0.005		0.285

				C15_0		0.883		0.836		0.018		0.201																																				C21:0		0.115		0.090		0.018		0.550

				C16_0		23.859		23.336		0.465		0.631																																				C22:0		0.148		0.187		0.009		0.001

				C16_1_t9		0.129		0.203		0.018		0.009																																				C23:0		0.068		0.076		0.003		0.191

				C17_iso		0.566		0.502		0.019		0.098																																				C24:0		0.063		0.096		0.008		0.007

				C17_1_c9		0.793		0.674		0.030		0.013		v

				C17_anteiso		0.468		0.385		0.019		0.003		v																																				Diet

				C17_0		0.574		0.573		0.015		0.975																																						CTRL		EXP

				C18_0		11.860		15.531		0.881		0.007		v																																		UFA		29.971		39.922		2.280		0.001

				C18_1_t678		0.284		0.759		0.108		0.000		v

				C18_1_t9		0.362		0.710		0.079		0.000		v																																		Cheese saturated fatty acids

				C18_1_t10		0.847		1.061		0.055		0.021		v																																				Diet				SEM		P-value

				C18_1_t11		1.580		3.148		0.355		0.000		v																																				CTRL		EXP

				C18_1_c6		0.756		1.323		0.128		0.000		v																																		MUFA		24.763		34.257		2.210		0.002

				C18_1_c9		18.584		24.893		1.500		0.005		v																																		C12:1 c9		0.098		0.050		0.011		0.001

				C18_1_c11		0.371		0.432		0.014		0.001		v																																		C14:1 t9		0.299		0.227		0.016		0.001

				C18_1_c12		0.293		0.486		0.044		0.000		v																																		C14:1 c9		0.196		0.109		0.020		0.000

				C18_2_c9c12 (LNA)		2.615		2.983		0.100		0.043		v																																		C16:1 t9		0.129		0.203		0.018		0.009

				C20_0		0.029		0.018		0.005		0.285																																				C17:1 c9		0.793		0.674		0.030		0.013

				C18_3_c6c9c12		0.345		0.446		0.030		0.083																																				C18:1 t678		0.284		0.759		0.108		0.000

				C20_1_t11		0.027		0.000		0.013		0.374																						C18_3_c6c9c12		0.345		0.446		0.030		0.083						C18:1 t9		0.362		0.710		0.079		0.000

				C18_3c9c12c15		0.415		0.481		0.017		0.028		v																																		C18:1 t10		0.847		1.061		0.055		0.021

				C20_1c11		0.083		0.137		0.015		0.062																																				C18:1 t11		1.580		3.148		0.355		0.000

				C18_2_c9t11		0.725		1.312		0.134		0.001		0.4472910172		meno attività mo rumine ma molta + fibra																																C18:1 c6		0.756		1.323		0.128		0.000

				C21_0		0.115		0.090		0.018		0.550				digeribilità fibra molto peggiore in sper																																C18:1 c9		18.584		24.893		1.500		0.005

				C18_210c12		0.057		0.018		0.020		0.392				tempo di transito ruminale maggiore per sper																																C18:1 c11		0.371		0.432		0.014		0.001

				C20_2c11c14		0.033		0.028		0.006		0.676				lavorato su ag del pascolo più a lungo																																C18:1 c12		0.293		0.486		0.044		0.000

				C22_0		0.148		0.187		0.009		0.001		v		oleico per sansa e bh																																C20:1 t11		0.027		0.000		0.013		0.374

				C20_3c8c11c14		0.015		0.019		0.003		0.495				sansa modifica MO rumine per fenoli (batteri lipolitici )																																C20:1c11		0.083		0.137		0.015		0.062

				c20_3c11c14c17		0.259		0.010		0.126		0.383				hanno bloccato bh polinsaturi pascolo 																																C24:1 c15		0.027		0.021		0.003		0.431

				C20_4c5		0.400		0.146		0.099		0.233				gli intermedi vengono dall'oleico della sansa (isomeri 18:1c9) moslay 

				C22_1c13		0.035		0.024		0.007		0.500																																				PUFA		5.208		5.665		0.172		0.213

				C23_0		0.068		0.076		0.003		0.191																																				PUFAn6		3.566		3.691		0.123		0.254

				C22_2_c13c16		0.066		0.032		0.016		0.342																																				PUFAn3		0.859		0.645		0.050		0.407

				20_5c5		0.056		0.053		0.002		0.483																																				n6/n3		4.643		5.727		0.114		0.302

				24_0		0.063		0.096		0.008		0.007		v																																				Diet				SEM		P-value

				C24_1_c15		0.027		0.021		0.003		0.431																																				PUFA		CTRL		EXP

				C22_4_c8,11,14,17 (ETA)		0.025		0.014		0.004		0.221																		CTRL		EXP																C18:2 n-6		2.615		2.983		0.100		0.043

				C22_5_c4		0.068		0.024		0.018		0.267																PUFAn6		3.566		3.691																C18:3 n-3		0.415		0.481		0.017		0.028

				C22_5_c5,8,11,14,17 EPA		0.089		0.070		0.005		0.035		v														PUFAn3		0.859		0.645																C18:2 c9t11		0.725		1.312		0.134		0.001

				C22_6_c4,7,10,13,16,19 (DHA)		0.040		0.030		0.003		0.071																n6/n3		4.643		5.727																C18:210c12		0.057		0.018		0.020		0.392

				SFA		61.692		53.200		2.080		0.011		15.963																																		C20:2c11c14		0.033		0.028		0.006		0.676

				UFA		29.971		39.922		2.280		0.001		33.203																																		C20:3c8c11c14		0.015		0.019		0.003		0.495

				MUFA		24.763		34.257		2.210		0.002		-27.714																																		c20:3c11c14c17		0.259		0.010		0.126		0.383

				PUFA		5.208		5.665		0.172		0.213		v																																		C20:4c5		0.400		0.146		0.099		0.233

				OBCFA		1.594		1.293		0.073		0.010		v																																		C22:1c13		0.035		0.024		0.007		0.500

				PUFAn6		3.566		3.691		0.123		0.254																																				C22:2 c13c16		0.066		0.032		0.016		0.342

				PUFAn3		0.859		0.645		0.050		0.407																																				20:5c5		0.056		0.053		0.002		0.483

				n6/n3		4.643		5.727		0.114		0.302																																				C22:4 c8,11,14,17 (ETA)		0.025		0.014		0.004		0.221

				t10/t11		0.536		0.337		0.476		0.000																																				C22:5 c4		0.068		0.024		0.018		0.267

				AI		2.330		1.323		0.045		0.000																																				C22:5 c5,8,11,14,17 EPA		0.089		0.070		0.005		0.035

				TI		3.010		2.357		0.227		0.998																																				C22:6 c4,7,10,13,16,19 (DHA)		0.040		0.030		0.003		0.071

				Delta 9 C17 activity 		61.045		61.578		0.159		0.003

				Delta 9 C18 activity 		58.060		54.028		0.948		0.004																																						Diet				SEM		P-value

				Elongase activity		55.883		63.199		0.126		0.000																																						CTRL		EXP

																																																OBCFA		1.594		1.293		0.073		0.010

																																																iso15		0.495		0.382		0.027		0.005

																																																anteiso15		0.065		0.024		0.010		0.008

																																																C17:iso		0.566		0.502		0.019		0.098

																																																C17:anteiso		0.468		0.385		0.019		0.003

																																																		Diet				SEM		P-value



																																																						0.476		0.000

																																																						0.045		0.000

																																																		EXP		CTRL		0.227		0.998

																																																Delta 9 C17 activity 		61.578		61.045		0.159		0.003

																																																Delta 9 C18 activity 		54.028		58.060		0.948		0.004

																																																Elongase activity		63.199		55.883		0.126		0.000

																																				CTRL		EXP

																																		t10/t11		0.536		0.337				CTRL		EXP

																																		AI		2.330		1.323		AI		2.330		1.323						CTRL

																																		TI		3.010		2.357		TI		3.010		2.357						61.045

																																																		58.060

																																																		55.883





Fat (g/100g)	CTRL	EXP	Diet	25.839641478573398	24.050179690075876	







SFA	CTRL	EXP	15.941046623962581	12.794634068562171	MUFA	CTRL	EXP	6.3986650030544343	8.2388946916842674	PUFA	CTRL	EXP	1.3456595145244663	1.3624163989321365	









EXP	Delta 9 C17 activity 	Delta 9 C18 activity 	Elongase activity	61.577770423994508	54.028072647269084	63.199067718096281	CTRL	Delta 9 C17 activity 	Delta 9 C18 activity 	Elongase activity	61.045345888733415	58.060484788883407	55.883474066381751	









t10/t11	CTRL	EXP	0.53628987860708521	0.3374864898674777	







OBCFA	CTRL	EXP	1.5936420325359684	1.2934356065664401	







CTRL	AI	TI	2.3302296797766275	3.0101049629227261	EXP	AI	TI	1.3226668201230778	2.3566588237436505	









CTRL	PUFAn6	PUFAn3	3.566378912771651	0.85937672872489113	EXP	PUFAn6	PUFAn3	3.6908311874599491	0.64456236196309646	





Formaggio TBARS e colore









						Indici colorimetrici e TBARS formaggio - Effetto del tempo e della dieta

								Diet				Time						SEM		P-value

								CTRL		SPER		t0		t1		t2				D		T		DxT

						L* (10°/A)		81.515		81.544		81.577		81.423		81.613		0.275		0.969		0.951		0.690

						a* (10°/A)		2.079		2.211		2.104		2.186		2.125		0.0333		0.138		0.555		0.482

						b* (10°/A)		12.830		14.791		13.254		14.045		13.854		0.315		0.025		0.550		0.512

						C* (10°/A)		13.003		14.956		13.426		14.217		14.020		0.312		0.026		0.542		0.513

						h (10°/A)		80.626		81.439		80.739		81.090		81.122		0.235		0.093		0.820		0.490

						TBARS (mg/kg cheese)		0.591		0.444		0.514		0.568		0.469		0.0427		0.519		0.178		0.032*

						*No differences found after Tukey's correction 





																												TBARS

																														Grouping Information Using the Tukey Method and 95% Confidence

																														time (days)		Cheese		Mean		Grouping

																														0		CTRL		0.4554		A

																														3				0.748864		A

																														7				0.553246		A

																														0		SPER		0.571678		A

																														3				0.388055		A

																														7				0.386783		A

																														Means that do not share a letter are significantly different.

																												0		3		7

																										CTRL		0.4554		0.748864		0.553246

																										SPER		0.571678		0.388055		0.386783



Colore: Indice differenze percepite tra tempi

CTRL	T1-T0	T2-T1	T2-T0	1.5434723409520308	0.83580092991360266	0.93322477873999099	EXP	T1-T0	T2-T1	T2-T0	0.95804361562739948	0.47027252737109204	1.0257289074929377	T0vsT1                       T1vsT2                      T2vsT0

ΔE







CTRL	0	3	7	0.45540000000000003	0.74886399999999997	0.55324600000000002	SPER	0	3	7	0.57167800000000002	0.38805499999999998	0.38678299999999999	







soglia di percezione differenze



TBARS e colore interazioni DxT

																																																				TBARS

																COLORE

																																												Indici colorimetrici e TBARS formaggio - Interazioni DxT (evoluzione dei due formaggi nei 3 tempi)

										Indici colorimetrici e TBARS formaggio - Interazioni DxT (evoluzione dei due formaggi nei 3 tempi)																																				T0				T1				T2				SEM		P-value

												T0				T1				T2				SEM		P-value																				CTRL		SPER		CTRL		SPER		CTRL		SPER				D		T		DxT

												CTRL		SPER		CTRL		SPER		CTRL		SPER				D		T		DxT														TBARS (mg/kg cheese)		0.460a		0.570a		0.754a		0.383a		0.558a		0.381a		0.043		0.519		0.178		0.032*

										L* (10°/A)		81.066		82.089		81.537		81.31		81.719		81.507		0.275		0.969		0.951		0.690														TBARS (mg/kg cheese)		0.460b		0.570ab		0.754a		0.383b		0.558ab		0.381b		0.043		0.519		0.178		0.032**

										a* (10°/A)		2.1067		2.1022		2.1233		2.2492		2.0208		2.2283		0.033		0.138		0.555		0.482

										b* (10°/A)		11.98		14.53		13.447		14.643		12.638		15.069		0.315		0.025		0.550		0.512		No interazioni												No lettere: no differenza signficativa.  a,b: La differenza è significativa se le medie non condividono alcuna letterea

										C* (10°/A)		12.17		14.68		13.617		14.816		12.806		15.233		0.312		0.026		0.542		0.513

										h (10°/A)		79.82		81.663		80.942		81.239		80.717		81.527		0.235		0.093		0.820		0.490														*No differences found after Tukey's correction (95% confidence)

																																												**Differences found using Fisher LDS method (95% confidence) - ma noi usiamo Tukey o Bonferroni

																																												I valori dei TBARS sono smepre inferiori alla soglia di percezione del rancido 

																																														Tempo (giorni)		TBARS (mg/kg cheese)

																																																CTRL		SPER

																																														0		0.460		0.570

																																														3		0.754		0.383

																																														7		0.558		0.381

































































																																						Grouping		Information		Using		the		Tukey		Method		and		95%		Confidence



																																				C		Tempo*Sper/CTRL		N		Mean		Grouping

																																						0		CTRL		3				A

																																						1		CTRL		6				A

																										0		3		7								2		CTRL		6				A

																								CTRL		12.17		13.6175		12.8058		12.8644333333						0		SPER		3				A

																								EXP		14.6828		14.8158		15.2333		14.9106333333						1		SPER		6				A

																																						2		SPER		6				A

																																						Means		that		do		not		share		a		letter		are		significantly		different.

																																						Grouping		Information		Using		the		Tukey		Method		and		95%		Confidence

																																				b

																																						Tempo*Sper/CTRL		N		Mean		Grouping

																										Colour evolution - CieLab 												0		CTRL		3				A

																												0		3		7						1		CTRL		6				A

																								b*		CTRL		11.9778		13.4475		12.6383		12.6878666667				2		CTRL		6				A

																										EXP		14.5294		14.6425		15.0692		14.7470333333				0		SPER		3				A

																								C*		CTRL		12.17		13.6175		12.8058		12.8644333333				1		SPER		6				A

																										EXP		14.6828		14.8158		15.2333		14.9106333333				2		SPER		6				A

																																						Means		that		do		not		share		a		letter		are		significantly		different.



L* (10°/A) DxT



L* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	81.066000000000003	82.088999999999999	81.537000000000006	81.31	81.718999999999994	81.507000000000005	





a* (10°/A) DxT



a* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	2.1067	2.1021999999999998	2.1233	2.2492000000000001	2.0207999999999999	2.2282999999999999	





b* (10°/A) DxT



b* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	11.98	14.53	13.446999999999999	14.643000000000001	12.638	15.069000000000001	





C* (10°/A) DxT



C* (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	12.17	14.68	13.617000000000001	14.816000000000001	12.805999999999999	15.233000000000001	





h (10°/A) DxT



h (10°/A)	CTRL	SPER	CTRL	SPER	CTRL	SPER	T0	T1	T2	79.819999999999993	81.662999999999997	80.941999999999993	81.239000000000004	80.716999999999999	81.527000000000001	





TBARS (mg/kg cheese)  DxT



TBARS (mg/kg cheese)	CTRL	b

a

ab



0	3	7	0.46	0.754	0.55800000000000005	TBARS (mg/kg cheese)	SPER	ab

b

b



0	3	7	0.56999999999999995	0.38300000000000001	0.38100000000000001	Tempo (giorni)





TBARS









Chart Title



CTRL	

0	3	7	12.17	13.6175	12.8058	EXP	

0	3	7	14.6828	14.815799999999999	15.2333	













Colour evolution - CieLab 	0	CTRL	EXP	CTRL	EXP	b*	C*	11.9778	14.529400000000001	12.17	14.6828	Colour evolution - CieLab 	3	CTRL	EXP	CTRL	EXP	b*	C*	13.4475	14.6425	13.6175	14.815799999999999	Colour evolution - CieLab 	7	CTRL	EXP	CTRL	EXP	b*	C*	12.638299999999999	15.0692	12.8058	15.2333	









Formaggio Panel



								Days at 4°C		Panelists		Correct answer		Incorrect answer		α = 0.01

								0		12		9		3		***

								3		12		9		3		***

								7		12		9		3		***



								Days at 4°C		Correct answer		Incorrect answer

								0		9		3				0		3		7

								3		9		3		Correct answer		27		27		27

								7		9		3		Incorrect answer		9		9		9

										Descriptor		CTRL t2		EXP t2

										Saltiness		4		3.5

										Brightness		3.5		3

										Crust Thickness		4		3.5

										Crust Color Intensity		4.5		4

										Crumb Color Intensity		4		4

										Hardness		5		4.5

										Elasticity		3.5		3

										Nail Thickness		4		4.5

										Nail Color Intensity		4		4

										Sheep Odor		4		4

										Milk Odor		4		4

										Overall Odor Intensity		3.5		3

										Acidity		3.5		3

										Sweetness		3		3.5

										Oiliness		4.5		4

										Spiciness		3		3.5

										Aftertaste		3.5		3

										Moisture		4		3.5





Correct answer	0	3	7	27	27	27	Incorrect answer	0	3	7	9	9	9	
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Results
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Results
Sensory analysis

PC1: Storage time

Descriptors
Spiciness, elasticity, brightness, moisture, 
sweetness, saltiness, acidity, and 
oiliness.

Descriptors increased during storage:
Paste color intensity, crust color intensity, 
crust thickness, nail thickness, and nail 
color intensity
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Results
Sensory analysis

PC2: Sheep diet

Descriptors
Paste color, crust color, crust thickness, 
nail thickness, sheep odor, elasticity, 
moisture, acidity, saltiness, and 
oiliness.
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Conclusions • Integration of agro-industrial by-products in sheep
diet improved the cheese's nutritional profile:
Increased content of health-positive fatty acids
Lower atherogenic index

• The experimental cheese was stable during 7 days of
storage in self-service-like conditions.

• Panelists found differences in control cheese and
experimental cheese
Mainly appearance-related
No off-flavors were found in the experimental cheese.

• Cheese from sheep fed on pasture and by-products
has interesting nutritional and organoleptic qualities,
promoting circular economy



Thank you for your 
kind attention.

Bolletta V., Lilli E., Pauselli M., Sordini B., Mele M., Foggi G., Valenti B.
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