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Section 5. People and animals
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43. Reducing feed-food competition: impact of by-products and 
grazing in ruminant feeding

P. Cornale*, A. Mimosi and L.M. Battaglini
Department. of Agricultural, Forest and Food Sciences, University of Turin, largo Paolo Braccini 2, 10095 
Grugliasco, TO, Italy; paolo.cornale@unito.it

Abstract

World population and global food demand are expected to increase in the next decades. Although 
some improvements have been achieved, livestock sector remains a major contributor to the impacts of 
agriculture. One of the sustainability themes that has recently seen an increasing interest is the con!ict 
between feeding edible crops to people or to livestock. Large amounts of cereals and legumes used in 
conventional systems could instead be used more e"ciently by monogastric animals or be consumed 
directly by humans. #erefore, reducing human-edible crops in animals’ diets represents a promising 
way to increase the sustainability of ruminants with noticeable ethical implications. Two indicators are 
available in literature to assess the potential human-edible content in animal diets. In two experimental 
trials carried out with dairy cows, these two indexes improved signi$cantly both when hazelnut skin, a by-
product from hazelnut industry, was included in the diet of cows and with increasing level of grazing in 
mountain dairy farms. Ruminants play a major role in food supply chain: thanks to the microbiota in the 
rumen, they are able to convert $brous feedstu%s (unsuitable for human consumption) into high valuable 
and nutrient-dense food (i.e. milk and meat), with increased nutraceutical quality of the products if grass 
or by-products are used. Moreover, the use of grasslands and pastures by ruminants, especially when 
land is unsuitable for crop production like in mountain areas, provides ecosystems services. It preserves 
land abandonment and provides a livelihood for populations living such areas, conserves local traditions 
and cultural heritage related to cheese-making activity, enriches biodiversity of pastures consequently 
increasing the accessibility for tourists. Using by-products in livestock diets transforms waste into source 
of nutrients, feeding the virtuous cycle of circular economy. Con$rming previous $ndings, our results 
show that both grass-based feeding and use of by-products are e%ective feeding strategies to make 
dairy systems more sustainable, considerably reducing the feed-food competition as well as providing 
ecosystem services with relevant ethical and socio-cultural advantages.

Keywords: sustainability, human-edible feed, livestock systems, circular economy

Introduction

World population is expected to increase in the next decades, reaching 9.8 billion in 2050 (UN, 2019). 
#is trend will bring along increasing global demand of food, including animal-derived products: milk 
and meat request is reported to increase by 60% in the future (Revell, 2015). Although signi$cant 
improvements in reducing environmental impacts of livestock activities have been achieved in the past 
decades (Herrero et al., 2015), livestock sector is a major contributor to the environmental impact 
of agriculture, due to greenhouse gas emission (Steinfeld et al., 2006). #erefore, it is essential that 
sustainability guides the development of agriculture and animal productions. However, environmental 
issue is just one of the several aspects that are involved in the complex concept of sustainability. One 
of the topics that has recently seen an increasing interest is the feed-food competition (i.e. the use of 
potential human food in livestock feeding), especially in ruminant nutrition (Wilkinson and Lee, 2018). 
Worldwide, feeds containing large amounts of cereals and legumes are used in conventional systems to 
meet high nutrients’ requirements of high producing cows. However, cereal grains and legumes seeds 
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could be used more e"ciently by monogastric animals or be consumed directly by humans. On the 
other hand, ruminants, thanks to their microbiota in the rumen, are able to use $brous feedstu%s that 
are unsuitable for human consumption, converting them into high valuable and nutrient-dense food 
(i.e. milk and meat) (Eisler et al., 2014). Reducing the inclusion of human-edible crops and feedstu%s 
in animals’ diets leads to a decrease in food–feed competition, representing a promising way to increase 
the sustainability of ruminants’ production (Schader et al., 2015).

Assessing feed-food competition at farm level

In livestock sector, feed e"ciency refers to the capability of animals to produce high output (milk and 
meat) by using low input (feed). However, this index does not consider the type of feed fed to animals, 
but only its amount. In order to assess the feed-food competition at farm level, it’s necessary to quantify 
the potential human-edible content in animal diets.

Two indicators are available in literature for that aim. #e human-edible feed conversion e"ciency 
(heFCE) is de$ned as the ratio between human-edible output in the form of animal products and the 
potential human-edible input via feedstu%s (Ertl et al., 2015). Similarly, net food production (NFP) is 
calculated as the di%erence between the human-edible content in the milk (or meat) and the potential 
human-edible content in the feed consumed (Ertl et al., 2016). #e two indexes are expressed on a crude 
protein (CP) and gross energy (GE) basis. #e feed-food competition indicators were determined in two 
di%erent experiments. In a $rst study, the inclusion of hazelnut skin (HS), a by-product from hazelnut 
industry, was evaluated as a source of nutrients for lactating cows, replacing part of the concentrate 
(Renna et al., 2020). Although the inclusion of HS in the treated group represented a small percentage 
of dry matter intake (about 6%), the cows fed with HS showed higher heFCE (CP: +21% and GE: 
+24%) and higher NFP (CP: +128% and GE: +149%) compared to control group (Figure 1).

Figure 1. Human-edible feed conversion e!ciency (heFCE) and net food production (NFP) for crude protein 
(CP) and gross energy (GE) of cows fed the control (CTRL)and hazelnut skin (HAZ) diets; the dashed line in 
heFCE sets at 1.0 indicates the e!ciency threshold.
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In a second study, four scenarios of mountain dairy farms characterized by di%erent use of environmental 
resources were compared (Verduna et al., 2020). With increasing level of grazing as main feed ingredients 
in cows’ diet (during the favorable season around the farm and at Alpine pastures on summer) the two 
indicators improved progressively. Compared to the indoor feeding in winter season, heFCE showed 5.3 
to 8.2-fold increase for CP and 9.3 to 14.3-fold increase for GE (Figure 2). Similarly, NFP for protein 
and energy resulted negative in the indoor feeding scenario, showing that the cows during the winter 
season consumed more human-edible protein and energy than they produced in the milk.

Figure 2. Human-edible feed conversion e!ciency (heFCE) (A,B) and net food production (NFP) (C,D) for 
crude protein (CP) and gross energy (GE) comparing the four scenarios (IWF, Indoor Winter Feeding; VBG, 
Valley Bottom Grazing; MPG, Mountain Pasture Grazing); the dashed line in (A) and (B) sets at 1.0 indicates 
the e!ciency threshold.
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Reducing feed-food competition: an ethical responsibility

#e two above-mentioned studies con$rm that livestock systems based on grazing and use of by-products 
are able to reduce the feed-food competition without impairing productive performance of the animals. 
If this is a signi$cant result from a zootechnical perspective, there are also additional ethical remarks 
that are worth to be highlighted.

From an environmental point of view, ruminants produce food by using marginal lands that cannot be 
cropped (Mottet et al., 2018). Well-managed grazing activities in marginal land and mountain areas 
prevent hydrogeological disruption and landscape degradation by increasing the cover and abundance 
of perennial grasses and thus reducing soil erosion (Teague and Kreuter, 2020). Sustainable grazing 
strategies have long-term biodiversity bene$ts: selective defoliation due to dietary choices, treading 
and nutrient cycling maintain and enhance structural heterogeneity of sward, and thus botanical and 
faunal diversity (Fraser et al., 2014). #e production of food through pastoral resources also has evident 
repercussions on the containment of GHG emissions through the action of carbon sinks in the soil 
(O’Mara, 2012). Similarly, agro-industrial by-products are addressed as innovative raw materials to be 
used in feed formulations for livestock animals to reduce the environmental impact of animal-derived 
food production: recycling agricultural wastes in animal feeding represents a concrete opportunity for 
realizing circular economy in agriculture and thus creating sustainable agricultural systems (Halmemies-
Beauchet-Filleau et al., 2018).

From a social perspective, agricultural activities in marginal areas provide a livelihood for those areas’ 
populations, for which agro-pastoral activities are o&en one of the few only feasible economical activities. 
#is is even more relevant because rural and marginal mountain areas have been strongly a%ected by 
depopulation over several decades (Bätzing et al., 1996). Moreover, sustainable agriculture is recognized 
as an e%ective way to safeguard local farming traditions and cultural heritage, especially traditions linked 
to pastoralism activity, cheese-making, etc.

Concerning the quality of the products obtained through grass-based systems, grazing and consumption 
of fresh grass are known for their bene$cial e%ects on the nutraceutical properties of derived products. 
Pasture feeding has been demonstrated to have a positive impact on the nutrient pro$le of milk, 
increasing the content of some bene$cial nutrients such as omega-3 polyunsaturated fatty acids, 
vaccenic acid, and conjugated linoleic acid ( Joubran et al., 2021). Similarly, vegetable by-products have 
considerable amounts of bioactive components such as polyphenols, including tannins, and vitamins. 
#ese compounds, when included in animals’ diets, have positive e%ects on productive performance 
and improve the quality of livestock products, especially increasing their oxidative stability (Kasapidou 
et al., 2015).

Finally, outdoor farming systems, if properly managed, have been demonstrated to increase animal 
welfare (Spigarelli et al., 2020). Grazing and extensive systems allow animals to behave in a more natural 
way. Walking on pasture induce positive modi$cations of the animal’s metabolism, with bene$cial 
e%ect on animal’s health, as well as reducing hock damage, lameness, and claw disorders. As previously 
mentioned, several vegetable wastes are rich in compounds that enhance the quality of milk and meat. 
Moreover, the same bioactive substances are also able to positively a%ect animals’ health: polyunsaturated 
fatty acids, vitamins, and antioxidants introduced with the diet support animals’ health improving 
immune response, reducing in!ammatory processes, and enhancing the antioxidant status of animals 
(Salami et al., 2019).
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Conclusions

Con$rming previous $ndings, our results show that both grass-based feeding and use of by-products are 
e%ective feeding strategies to make dairy systems more sustainable, considerably reducing the feed-food 
competition as well as providing ecosystem services with relevant ethical and socio-cultural advantages.

References

Bätzing, W., Perlik, M. and Dekleva, M. (1996). Urbanization and Depopulation in the Alps. Mountain Research and 
Development 16(4): 335-350.

Eisler, M.C., Lee, M.R.F., Tarlton, J.F., Martin, G.B., Beddington, J., Dungait, J.A.J., Greathead, H., Lui, J., Mathew, 
S., Miller, H., Misselbrook, T., Murray, P., Vinod, V.K., Van Saun, R. and Winter, M. (2014). Steps to sustainable 
livestock. Nature 507, 32-34.

Ertl, P., Zebeli, Q., Zollitsch, W and Knaus, W. (2015). Feeding of by-products completely replaced cereals and pulses in 
dairy cows and enhanced edible feed conversion ratio. Journal of Dairy Science 98: 1225-1233.

Ertl, P., Zebeli, Q., Zollitsch, W. and Knaus, W. (2016). Feeding of wheat bran and sugar beet pulp as sole supplements 
in high-forage diets emphasizes the potential of dairy cattle for human food supply. Journal of Dairy Science 99: 
1228-1236.

Fraser, M.D., Moorby, J.M., Vale, J.E. and Evans, D.M. (2014). Mixed grazing systems bene$t both upland biodiversity 
and livestock production. PLoS One 9(2): e89054.

Halmemies-Beauchet-Filleau, A., Rinne, M., Lamminen, M., Mapato, C., Ampapon, T., Wanapat, M. and Vanhatalo, 
A. (2018). Review: alternative and novel feeds for ruminants: nutritive value, product quality and environmental 
aspects. Animal 12: s295-s309.

Herrero, M., Wirsenius, S., Henderson, B., Rigolot, C., #ornton, P., Havlík, P., de Boer, I. and Gerber, P.J. (2015). 
Livestock and the environment: what have we learned in the past decade? Annual Review of Environment and 
Resources 40: 177-202.

Joubran, A.M., Pierce, K.M., Garvey, N., Shalloo, L. and O’Callaghan, T.F. (2021). Invited review: A 2020 perspective 
on pasture-based dairy systems and products. Journal of Dairy Science 104: 7364-7382.

Kasapidou, E., Sossidou, E. and Mitlianga, P. (2015). Fruit and Vegetable Co-Products as Functional Feed Ingredients in 
Farm Animal Nutrition for Improved Product Quality. Agriculture 5: 1020-1034.

Mottet, A., Teillard, F., Boettcher, P., De’Besi, G. and Besbes, B. (2018). Domestic herbivores and food security: current 
contribution, trends and challenges for a sustainable development. Animal, 12: s188-s198.

O’Mara, F.P. (2012). #e role of grasslands in food security and climate change. Annals of Botany 110(6): 1263-1270.
Renna, M., Lussiana, C., Malfatto, V., Gerbelle, M., Turille, G., Medana, C., Ghirardello, D., Mimosi, A. and Cornale, P. 

(2020). Evaluating the Suitability of Hazelnut Skin as a Feed Ingredient in the Diet of Dairy Cows. Animals 10:1653.
Revell, B. (2015). Meat and Milk Consumption 2050: the Potential for Demand-side Solutions to Greenhouse Gas 

Emissions Reduction, EuroChoices, #e Agricultural Economics Society 14(3): 4-11.
Salami, S.A., Luciano, G., O’Grady, M.N., Biondi, L., Newbold, C.J., Kerry, J.P. and Priolo, A. (2019). Sustainability of 

feeding plant by-products: A review of the implications for ruminant meat production. Animal Feed Science and 
Technologies 251, 37-55.

Schader, C., Muller, A., El-Hage Scialabba, N., Hecht, J., Isensee, A., Erb, K.-H., Smith, P., Makkar, H.P.S., Klocke, P., 
Leiber, F., Schwegler, P., Stolze, M. and Niggli, U. (2015). Impacts of feeding less food-competing feedstu%s to livestock 
on global food system sustainability. Journal of the Royal Society Interface 12, 20150891.

Spigarelli, C., Zuliani, A., Battini, M., Mattiello, S. and Bovolenta, S. (2020). Welfare Assessment on Pasture: A Review 
on Animal-Based Measures for Ruminants. Animals 10: 609.

Steinfeld, H., Gerber, P., Wassenaar, P., Castel, V., Rosales, M. and de Haan, C. (2006). Livestock’s Long Shadow: 
Environmental Issues and Options. Rome: FAO. Available at: http://www.fao.org/3/a0701e/a0701e00.htm. 
Accessed 25 January 2022.

Teague, R. and Kreuter, U. (2020). Managing grazing to restore soil health, ecosystem function, and ecosystem services. 
Frontiers in Sustainable Food Systems 29: 534187.

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/9
78

-9
0-

86
86

-9
39

-8
_4

3 
- T

ue
sd

ay
, S

ep
te

m
be

r 0
6,

 2
02

2 
6:

02
:3

6 
A

M
 - 

U
ni

ve
rs

ità
 d

eg
li 

St
ud

i d
i T

or
in

o 
IP

 A
dd

re
ss

:1
30

.1
92

.2
14

.1
3 



People and animals

Transforming food systems: Ethics, innovation and responsibility 287

United Nations (2019). World Population Prospects 2019: Highlights. Available online at: https://www.un.org/
development/desa/publications/world- population- prospects- 2019- highlights.html. Accessed 7 July 2021.

Verduna, T., Blanc, S., Merlino, V.M., Cornale, P. and Battaglini, L.M. (2020). Sustainability of Four Dairy Farming 
Scenarios in an Alpine Environment: #e Case Study of Toma di Lanzo Cheese. Frontiers in Veterinary Science 7: 
569167.

Wilkinson, J.M. and Lee, M.R.F. (2018). Review: use of human-edible animal feeds by ruminant livestock. Animal 12: 
1735-1743.

 h
ttp

s:
//w

w
w

.w
ag

en
in

ge
na

ca
de

m
ic

.c
om

/d
oi

/p
df

/1
0.

39
20

/9
78

-9
0-

86
86

-9
39

-8
_4

3 
- T

ue
sd

ay
, S

ep
te

m
be

r 0
6,

 2
02

2 
6:

02
:3

6 
A

M
 - 

U
ni

ve
rs

ità
 d

eg
li 

St
ud

i d
i T

or
in

o 
IP

 A
dd

re
ss

:1
30

.1
92

.2
14

.1
3 


