Effect of feed ingredient based on processed former foodstuftf in
dairy cow diet: performance and environmental impact
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THE ISSUE:

At the EU level it 1s well known the «deficit» 1n protein feed locally produced
for animal nutrition.

However:
also for the energy feed (cereals 1.e. corn):

decrease 1n the national production over the course of years
increase of import (both from EU and no EU countries)
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THE CASE OF CORN GRAIN USE IN ITALY

National Total

Production (f) ported (O Exported (O 041 biity
Corn 2022 4.717.454,00 6.910.114,00 47.817,00 11.579.751,00
Corn 2000 10.137.502,00  476.598,00 180.622,00 10.433.478,00
2022 vs. 2000 (% variation) -53 11

Source: ASSALZOO

m National production m National production
B [mported from other countries ® [mported from other countries
2022 2000
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						National Production (t)		Imported (t)		Exported (t)		Total availablity		year

				Corn 2022		4,717,454.00		6,910,114.00		47,817.00		11,579,751.00		2022

				Corn 2000		10,137,502.00		476,598.00		180,622.00		10,433,478.00		2000

				2022 vs. 2000 (% variation)		-53						11

						National production		Imported from other countries

				2022		40.7		59.3

						National production		Imported from other countries

				2000		97.1632086635		2.8367913365

				2022

				2000



National production	Imported from other countries	40.700000000000003	59.3	



70.671286455123266	29.328713544876734	Use for animal feeding	Other use	



National production	Imported from other countries	97.163208663496491	2.8367913365035093	



1	






Mast preferable P reven ti on

option

s Re-use surplus food for human consumption

Re use hu_g‘nan SR through redistribution networks_and food banks

<

Re'llsq animal feed » Feed use of certain food no longer intended for human
[ consumption following EC guidelines (EC, 2018)

» Revalorise i) by-products from food processing and ii) food
Lak waste into added-value products by processes that keep the
:\.a’ A high value of the molecule bonds of the material

» Recovery of substances contained in FW for low added-value uses
such as composting, digestate from anaerobic digestion, etc.

Recovery
energy # Incineration of FW with energy recovery

Least
preferable option

UNIVERSITA DEGLI STUDI DI MILANG

SCIENZE

AORARE e E AMBIENTALI - PRODLUIZIOMNE,

AMBIENTALI

MINISTERO DELL'AGRICOLTURA I 1LY | DIPARTIMENTO DI SCIENZE AGRARIE

DELLA SOVRANITA ALIMENTARE

E DELLE FORESTE s i el
TERRITORIO, AGROENERGIA




THE AIM

Evaluate on lactating cows the effects on: milk production, digestibility and
environmental impact of a circular diet with processed former foodstuff (FF) in
total replacement of corn meal
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MATERIAL AND METHODS

* A change-over design on 34 Italian Holstein cows;
* 3 weeks of diet adaptation and 1 week of sample collection;

* individual milk production (by AMS system) was recorded and individual samples were
analysed;

* feces and urine samples were collected 1n 2 days for each sample collecting period;
* urine samples analysed for creatinine and N content;
* chewing activity (rumination and feeding) was registered (Moomonitor)

* uNDF used as internal marker to estimate digestibility;

 environmental impact of the diets was estimated with LCA assestment (Simapro
software).
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DIETS INGREDIENT COMPOSITION

Ingredient % DVD

High moisture corn 18.2 18.2
Corn silage 17.7 17.8
Soybean Silage 12.8 12.9
Hay 10.6 10.6

Corn meal -
Former foodstuff < @

Solvent soybean meal 9.8 9.8
AMS compound feed 12.7 12.7

Sugar cane -
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CORN MEAL VS. FF

Corn meal % DM FF

@ Starch 39.0

8.80 Crude protein

4.10 EE

2.00 Soluble sugar

1.08 UFL 1.16
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DIETS CHEMICAL COMPOSITION (% on DM)

DM % 58.4 58.3
CP 14.3 15.4
Ash 6.87 6.79
EE 3.16 4.50
NDF 33.4 32.8
ADF 21.6 21.5
ADL 5.34 5.05
Starch 27.9 24.7
Soluble sugar 6.50 7.10

ME (Mcal/kg) 2.47 2.52
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MILK PRODUCTION

e O (-

est. DMI kg/d  25.6 25.8 0.355 0.341
Compound feed  kg/d  3.47 3.74 0.135 <0.001
intake at milking

Milk production  kg/d  39.0 39.5 1.09 0.389
FPCM kg/d  36.0 36.6 1.04 0.53
Fat % 3.45 3.40 0.108 0.665
Protein % 3.28 3.29 0.038 0.694
Lactose % 4.95 4.84 0.028 <0.001
Urea mg/dL  26.8 29.0 0.647 0.003
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URINE VOLUME AND URINARY N EXCRECTION

Urinary N excrection (g/d) with the two diets Urine volume (kg/d) with the two diets
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Estimated urinary N excrection= C 25.5% N intake
FF 26.0 % N 1ntake
P=0.632
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Feeding and rumination activity (minutes/h) of cows

Feeding activity Rumination activity
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Rumination time and milk production
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Total tract NDF apparent digestibility (%)
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GLOBAL WARMING POTENTIAL OF THE TWO EXPERIMENTAL DIETS (kg CO2 eq/d)

10

C
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FF
GWP - fossil 926 6.68 :
GWP - biogenic 0.04 0.02 4
GWP - land transformation 9.54 .9.54

GWP - Total @ _ @ 2

m Corn silage ® High moisture corn ® Soybean silage
® Corn meal B Sugarcane = Soybean meal
mFF

GWP fossil due to each feed ingredient
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DIETA C

		DIETA CONTROLLO LANDRIANO CIRCAGRIC 23

		Calculation: 		Analyze

		Results: 		Impact assessment

		Product: 		1 p Razione Circagric_controllo 2023 (of project Landriano 2014 EI3)

		Method: 		IPCC 2021 GWP100 V1.01

		Indicator: 		Characterization

		Skip categories: 		Never

		Exclude infrastructure processes: 		No

		Exclude long-term emissions: 		No

		Sorted on item: 		Impact category

		Sort order: 		Ascending

		Impact category		Unit		Total		Razione Circagric_controllo 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f.e. (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit

		GWP100 - fossil		kg CO2-eq		9.2643246		0		0.35484464		1.8896127		0.15041173		3.038196		0.073217105		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069

		GWP100 - biogenic		kg CO2-eq		0.044512679		0		0.00014400831		0.00011292927		8.408257E-5		0.0004459635		0.026690432		0.015824098		9.3638405E-6		0.00017754146		1.0866268E-5		0.0003780986		0.00037804277		0.0001510187		2.6075355E-5		7.853741E-5		0		1.6209535E-6

		GWP100 - land transformation		kg CO2-eq		9.5410778		0		0.000336172		9.9476583E-5		0.025691925		0.00022543782		1.0402537E-5		9.2390089		5.1977433E-6		3.8058387E-5		4.8477239E-7		0.0053684078		0.0008506011		0.26938779		1.5765569E-6		5.2507929E-5		0		8.3046435E-7

						18.85





DIETA B

		DIETA BISCOTTO LANDRIANO CIRCAGRIC 23

		Calculation: 		Analyze

		Results: 		Impact assessment

		Product: 		1 p Razione Circagric_biscotto 2023 (of project Landriano 2014 EI3)

		Method: 		IPCC 2021 GWP100 V1.01

		Indicator: 		Characterization

		Skip categories: 		Never

		Exclude infrastructure processes: 		No

		Exclude long-term emissions: 		No

		Sorted on item: 		Impact category

		Sort order: 		Ascending

		Impact category		Unit		Total		Razione Circagric_biscotto 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f.e. (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit		Sottoprodotti biscotti market for | Alloc Def, U

		GWP100 - fossil		kg CO2-eq		6.6824731		0		0.35484464		1.8896127		0.15041173		0.67356231		0.0044225097		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069		-0.14842332

		GWP100 - biogenic		kg CO2-eq		0.018979903		0		0.00014400831		0.00011292928		8.4082571E-5		9.8869268E-5		0.0016121737		0.015824098		9.3638405E-6		0.00017754146		1.0866268E-5		0.0003780986		0.00037804277		0.0001510187		2.6075355E-5		7.853741E-5		0		1.6209535E-6		-0.00010742396

		GWP100 - land transformation		kg CO2-eq		9.5407674		0		0.000336172		9.9476583E-5		0.025691925		4.997914E-5		6.2834114E-7		9.2390089		5.1977434E-6		3.8058387E-5		4.8477239E-7		0.0053684078		0.0008506011		0.26938779		1.5765569E-6		5.2507929E-5		0		8.3046435E-7		-0.00012511945

						16.24
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						C		FF

		GWP - fossil				9.26		6.68

		GWP - biogenic				0.04		0.02

		GWP - land transformation				9.54		9.54

		GWP - Total				18.9		16.2
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Method: IPCC 2021 GWP100 V1.01 / Characterization


Analyzing 1 p 'Razione Circagric_controllo 2023';


GWP100 - fossil GWP100 - biogenic GWP100 - land
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Method: IPCC 2021 GWP100 V1.01 / Characterization


Analyzing 1 p 'Razione Circagric_biscotto 2023';


GWP100 - fossil GWP100 - biogenic GWP100 - land
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LCA of milk production with the 2 diets
EF

Global warming kg CO,'eq 1.85 1.82
Acidification kgSO,eq 0.018 0.018
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DIETA C

		DIETA CONTROLLO LANDRIANO CIRCAGRIC 23

		Calculation: 		Analyze

		Results: 		Impact assessment

		Product: 		1 p Razione Circagric_controllo 2023 (of project Landriano 2014 EI3)

		Method: 		IPCC 2021 GWP100 V1.01

		Indicator: 		Characterization

		Skip categories: 		Never

		Exclude infrastructure processes: 		No

		Exclude long-term emissions: 		No

		Sorted on item: 		Impact category

		Sort order: 		Ascending

		Impact category		Unit		Total		Razione Circagric_controllo 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f.e. (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit

		GWP100 - fossil		kg CO2-eq		9.2643246		0		0.35484464		1.8896127		0.15041173		3.038196		0.073217105		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069

		GWP100 - biogenic		kg CO2-eq		0.044512679		0		0.00014400831		0.00011292927		8.408257E-5		0.0004459635		0.026690432		0.015824098		9.3638405E-6		0.00017754146		1.0866268E-5		0.0003780986		0.00037804277		0.0001510187		2.6075355E-5		7.853741E-5		0		1.6209535E-6

		GWP100 - land transformation		kg CO2-eq		9.5410778		0		0.000336172		9.9476583E-5		0.025691925		0.00022543782		1.0402537E-5		9.2390089		5.1977433E-6		3.8058387E-5		4.8477239E-7		0.0053684078		0.0008506011		0.26938779		1.5765569E-6		5.2507929E-5		0		8.3046435E-7

						18.85





DIETA B

		DIETA BISCOTTO LANDRIANO CIRCAGRIC 23

		Calculation: 		Analyze

		Results: 		Impact assessment

		Product: 		1 p Razione Circagric_biscotto 2023 (of project Landriano 2014 EI3)

		Method: 		IPCC 2021 GWP100 V1.01

		Indicator: 		Characterization

		Skip categories: 		Never

		Exclude infrastructure processes: 		No

		Exclude long-term emissions: 		No

		Sorted on item: 		Impact category

		Sort order: 		Ascending

		Impact category		Unit		Total		Razione Circagric_biscotto 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f.e. (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit		Sottoprodotti biscotti market for | Alloc Def, U

		GWP100 - fossil		kg CO2-eq		6.6824731		0		0.35484464		1.8896127		0.15041173		0.67356231		0.0044225097		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069		-0.14842332

		GWP100 - biogenic		kg CO2-eq		0.018979903		0		0.00014400831		0.00011292928		8.4082571E-5		9.8869268E-5		0.0016121737		0.015824098		9.3638405E-6		0.00017754146		1.0866268E-5		0.0003780986		0.00037804277		0.0001510187		2.6075355E-5		7.853741E-5		0		1.6209535E-6		-0.00010742396

		GWP100 - land transformation		kg CO2-eq		9.5407674		0		0.000336172		9.9476583E-5		0.025691925		4.997914E-5		6.2834114E-7		9.2390089		5.1977434E-6		3.8058387E-5		4.8477239E-7		0.0053684078		0.0008506011		0.26938779		1.5765569E-6		5.2507929E-5		0		8.3046435E-7		-0.00012511945

						16.24





Foglio1



						C		FF

		GWP - fossil				9.26		6.68

		GWP - biogenic				0.04		0.02

		GWP - land transformation				9.54		9.54

		GWP - Total				18.9		16.2

		Impact category		Unit		Total		Razione Circagric_controllo 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f,e, (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit		Sottoprodotti biscotti market for | Alloc Def, U

		GWP100 - fossil		kg CO2-eq		9.2643246		0		0.35484464		1.8896127		0.15041173		3.038196		0.073217105		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069		0

		Impact category		Unit		Total		Razione Circagric_biscotto 2023		Silomais landriano 2016		Pastone Landriano 2016		soia insilata Landriano LIFE		Mais farina (50%HU+50%IT) - EULAT		Melasso di canna Thailandia - EULAT		Soja f,e, (80%sa+20%it) LUC da agrifood nuova con soia italiana corretta		Paglia di frumento		Integratore Minerale - EULAT		Prato stabile fieno non irriguo		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S		Frumento Crusca - EULAT -		Soja tostata Italia - EULAT		Polpe essiccate di bietola Italia		Girasole farina di estrazione		Farinaccio e farinetta di frumento (nazionale)		Integratore min-vit		Sottoprodotti biscotti market for | Alloc Def, U

		GWP100 - fossil		kg CO2-eq		6.6824731		0		0.35484464		1.8896127		0.15041173		0.67356231		0.0044225097		1.9641878		0.11027244		0.46867197		0.25966986		0.2094676		0.168038		0.39375653		0.029989443		0.14825879		0.0017295392		0.0040005069		-0.14842332





Foglio2

						C		FF

		Corn silage		Corn silage		0.35484464		0.35484464

		High moisture corn		High moisture corn		1.8896127		1.8896127

		Soybean silage		Soybean silage		0.15041173		0.15041173

		Corn meal		Corn meal		3.038196		0.67356231

		Sugarcane		Sugarcane		0.073217105		0.0044225097

		Soybean meal		Soybean meal		1.9641878		1.9641878

		Paglia di frumento				0.11027244		0.11027244

		Integratore Minerale - EULAT				0.46867197		0.46867197

		Prato stabile fieno non irriguo				0.25966986		0.25966986

		Wheat middlings & feed, proxy market mix, at regional storage {NL} Economic, S				0.2094676		0.2094676

		Frumento Crusca - EULAT -				0.168038		0.168038

		Soja tostata Italia - EULAT				0.39375653		0.39375653

		Polpe essiccate di bietola Italia				0.029989443		0.029989443

		Girasole farina di estrazione				0.14825879		0.14825879

		Farinaccio e farinetta di frumento (nazionale)				0.0017295392		0.0017295392

		Integratore min-vit				0.0040005069		0.0040005069

		Sottoprodotti biscotti market for | Alloc Def, U		FF		0		-0.14842332



Corn silage	C	FF	0.35484463999999999	0.35484463999999999	High moisture corn	C	FF	1.8896127	1.8896127	Soybean silage	C	FF	0.15041172999999999	0.15041172999999999	Corn meal	C	FF	3.0381960000000001	0.67356231	Sugarcane	C	FF	7.3217105000000005E-2	4.4225096999999996E-3	Soybean meal	C	FF	1.9641877999999999	1.9641877999999999	C	FF	0.11027244	0.11027244	C	FF	0.46867196999999999	0.46867196999999999	C	FF	0.25966985999999997	0.25966985999999997	C	FF	0.2094676	0.2094676	C	FF	0.16803799999999999	0.16803799999999999	C	FF	0.39375652999999999	0.39375652999999999	C	FF	2.9989443000000001E-2	2.9989443000000001E-2	C	FF	0.14825879	0.14825879	C	FF	1.7295392000000001E-3	1.7295392000000001E-3	C	FF	4.0005068999999999E-3	4.0005068999999999E-3	FF	C	FF	0	-0.14842332	
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						C		FF

		Global warming		kg CO2 eq		1.85		1.82

		Acidification		kg SO2 eq		0.018		0.018

		Marine eutrofization		kg N eq		0.002		0.002

		Land use		m2 crop eq		1.51		1.48

		Water Consumption		m3		0.391		0.377
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Method: IPCC 2021 GWP100 V1.01 / Characterization


Analyzing 1 p 'Razione Circagric_controllo 2023';
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Method: IPCC 2021 GWP100 V1.01 / Characterization


Analyzing 1 p 'Razione Circagric_biscotto 2023';


GWP100 - fossil GWP100 - biogenic GWP100 - land
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Dieta Controllo Sottoprodotto bis.

Global warming kg CO2 eq 1.85 1.82
Acidificazione kg SO2 eq 0.018 0.018
Eutrofizzazione marina kg N eq 0.002 0.002
Uso del suolo m2a crop eq 1.51 1.48

Consumo di acqua m3 0.391 0.377








Environmental impact from another case study

Ingredient (kg as
fed/d) C FF C FF

Corn silage 30.0 29.0 Global warming kgCO,eq 1.73  1.71
Hay 9.00 9.20 L :
High moisture corn 6.30 3.00 Acidification kes0,eq  0.018 0.017
Soybean meal 3.13 3.07 Marine eutrofization keNeg  0.002 0.002
C 1 1.50 2.20

orn mea Land use m? crop eq 0.99 0.97
Former Food 1.80 .
Alfalfa hay 1.50 Water Consumption m? 0.554 0.555
Sunflower meal 1.64 1.61
Sugar cane 1.40 1.30
Wheat Bran 0.83 0.78
Min vit 0.67 0.66
Corn gluten 0.43
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CONCLUSION

* The use of former food was, where possible, a valide alternative to corn meal;

* 1improvement of environmental sutainability of milk production and increasing the
circularity of the sector;

* potential 1ssues:
availability on the market
pdo production
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