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The demand for animal-based food production is increasing mainly due to the rapid growth of the human
population. The effective production of high-quality agricultural products promotes and protects the natural
environment, human health, and animal welfare. Sustainable processing involves minimizing the waste stream.
One way to use agricultural plant-based waste, which is often rich in bioactive substances, is to produce fermented
feed in accordance with the principles of sustainable development. Corn, yellow lupins, and narrow-leaved lupins
are rich in nutrients, and are suitable for fermentation and use in pig feed. They are also safe for weaned piglets.
Used as a feed additive, fermented plant biomass has a positive effect on the health of pigs, increasing their weight
and improving the taste and appearance of the meat. The fermentation of plant biomass reduces antinutritional
substances that are abundant in feed components.

fermentation plant waste biomass maize lupine

1. Fermented Biomass as an Element of the Circular
Economy

Agriculture is the most vulnerable sector of the economy to climate change. Changes in precipitation, temperature,
CO, concentrations, and sea levels, as well as the increasing intensification and frequency of extreme weather
events (including heat stress and its effects), significantly affect the quantity and quality of crops . Sustainable
agriculture involves the efficient production of high-quality, agricultural products. The purpose is to protect and
promote the natural environment, ensuring animal health and welfare, as well as sustainable social and economic
conditions for farmers, workers, and local communities. In line with the principle of sustainable development, as
defined by the 1987 World Commission on Environment and Development, economic systems should be adjusted
as soon as possible to counteract the effects of climate change 2. The Common Agricultural Policy (CAP) for
European Union member countries defines nine key social, environmental, and economic goals, including

combating climate change, caring for the environment, and protecting health and food quality &I,

Population growth requires the production of more and more food, which results in more agro-industrial waste and
economic losses. Often, production residues are rich in active compounds that can be used as additives in food
and functional food, animal feed, pharmaceuticals, cosmetics, or bio-packaging. This not only reduces the amount
of waste but also minimizes economic losses (Figure 1). Industrial fermentation processes can be used to produce
biologically active compounds from agricultural waste. The spectrum of substrates and the metabolic abilities of
microorganisms determine the final product Bl. The active compounds present in agricultural waste before

fermentation include phenolic compounds, antioxidants, and compounds with anti-inflammatory and anticancer
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properties. Vegetable and fruit waste is attracting increasing attention as a source of biomass, due to its quantity
and high content of unused nutrients 4&,
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Figure 1. Fermented biomass as an element of the circular economy.

| 2. Contemporary Models Related to Pig Feeding

According to UN predictions, the human population is expected to reach almost 10 billion by 2050. Population
growth is creating increased demand for meat products. At the same time, consumer standards are rising. Meat
obtained by breeding animals, including pigs, must meet higher expectations, not only in terms of quality but also of
appearance. This demand creates a shortage of animal feed, and contributes to the growing interest in the
modification of plant waste into wholesome animal food (2.

Increased meat production due to the growing population also has serious consequences for the climate. There are
two ways in which animals can be fed and produce meat sustainably. The first method of meat production is based
on the requirements of the animal. It involves the precise feeding of animals with genetically modified feed,
produced with the use of improved production methods. In this method the animals are monitored for disease and
welfare. However, this system may lead to lower animal welfare standards and contribute to a decline in animal
immunity. This method is characterized by a high input and maximum efficiency, based on the uniform production

of the protein on the smallest possible surface in such a way as to have a minimal impact on the environment. In
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addition, the potential loss of nutrients, the release of manure into the wastewater, and the production of large

amounts of greenhouse gases can contribute to the opposite effect—meat production is unsustainable 28],

The second system emphasizes environmental conditions and the availability of raw materials for feed, allowing
local feeds, feedstuff co-products, or food waste to be fed to animals. This system assumes a reduced input and
reduced production, as it is based on the selection of animals that are more resistant to climate change and are
able to convert low-quality feed into meat . Experts believe that the use of the second system will be less
economical due to reduced yield forecasts, the potential costs of reorganizing the feed supply chains, the need to
supplement unsustainable nutrient quality, or the pretreatment of feed to, for example, reduce antinutritional
factors, which will directly increase meat prices for consumers. Therefore, the best solution is to combine the two
systems by assessing the amount of available feed and by-products in the local area, identifying available areas for
plant and livestock production, setting production levels, and controlling production via established national and
international bodies (2],

According to Regulation (EC) No 1829/2003, genetically modified organisms cannot be used for food and/or feed if
they are not covered by the EU authorization or if the conditions specified in this authorization are not met. The
European Union member states (including Poland) are planning to introduce an order to limit the use of genetically
modified ingredients in animal feed in the near future. This will exclude the use of feed with the addition of soy.

High-protein alternatives are therefore being sought. One possibility is to use legumes grown in Poland and Europe
(81

The diet of pigs, regardless of their age, is based on high-protein ingredients with a good content of amino acids
(including lysine, methionine, and cysteine), such as yellow lupine or genetically modified soybeans. Pig feeding is
a complex process, requiring specific methods for each stage of the pig's development. The most sensitive stage is
weaning piglets from sows and subsequent rearing. To minimize quantitative and economic losses, the breeder
should take care to implement appropriate conditions and processes, including enzyme training, feeding, water
availability, temperature, appropriate early feeding (when feeding the sows and taking care that the piglets do not
eat the sow's feed), feed acidification, the removal of uneaten feed, and veterinary control. Pigs reach full
development of the digestive tract at the age of 5-6 months. Therefore, from the 5-7th day of life, piglets are given
prestarters to accelerate their development, stimulating digestive processes and helping them learn how to feed
independently [GI21120]

| 3. Fermented Biomass as a Feed Component

There is increasing interest in using fermented feed as food for pigs as an alternative to antimicrobial growth
promoters. Fewer and fewer microbes react to the action of antibiotics, and resistance to antibiotics may also pose
a threat to consumers. Probiotics are defined by the WHO and FAO as ‘living organisms which, when administered
in appro-priate amounts, benefit the health of the host.” In the case of pigs, they can promote growth and nutrient
utilization, modulating their gut microflora. The use of probiotic bacteria can also increase anti-infective properties

against pathogens and decrease the amount of Salmonella sp. and E. coli in excreted feces. Feed fermented with
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probiotic microorganisms reduces the effects of stress in young pigs after weaning and weight gain, preventing
weight loss and diarrhea, which may lead to economic losses. Probiotic microorganisms also provide greater
fermentation efficiency 1122 Xu et al. (23! evaluated the effect of fermentation on the amount of feed nutrients
required, pig growth efficiency, and meat quality. They showed that fermented feed significantly increases the crude
protein content of the meat. Moreover, in weaned piglets and fattening pigs, fermented feed increases the
digestibility of nutrients and improves daily weight gain. Fermented feed has a positive effect on the quality
(nutrient content, including protein), taste, and appearance of meat, improving its marbling and reducing the

content of water 131,

Fermentation is a process whereby water-soluble carbohydrates (WSC) are converted under anaerobic conditions
into organic acids, mainly lactic acid, by lactic acid bacteria (LAB). This quickly lowers the pH of the ensiled
biomass and interrupts the natural processes of nutrient decomposition by its own enzymes. Because the silage
does not deteriorate, it can be stored for a long time, provided it has no contact with air. In an acidic environment,
undesirable microorganisms that cause silage to rot and the protein to break down die, resulting in the formation of
harmful substances. This slightly changes the chemical composition of silage compared with green forage: the
concentration of sugars decreases and the content of neutral detergent fiber (NDF) increases, which may inhibit
the absorption and use of other nutrients. Therefore, specific starters or fermentation modifications are applied.
During forage ensiling, organic acids are used to ensure a sufficiently low pH and to protect against the
proliferation of undesirable microorganisms, including Enterobacteriaceae. The population of microorganisms used

for fermentation must produce sufficient amounts of organic acids to inhibit pathogens and pollutants [24115],

There are diverse methods of plant biomass fermentation, which is influenced by the type of biomass, the starter
used, and the process conditions Their course is influenced by the type of biomass, the starter used, and the
process maintenance conditions. The following factors influence the fermentation of plant materials: the dry matter
content and chemical composition of the silage plant; the compatibility between the silage plant and the inoculated
organism; the number and diversity of living microorganisms in the inoculum, as well as their ability to dominate the
natural microflora of the plant; the method of ensilage used; and the application of chemical and physical modifiers

to the fermentation process and the aerobic stability of the silage 241113],

To ensure the development of lactic acid bacteria, the raw material should have a high sugar content, proper
moisture content, and be finely ground. The purity of the ensiled material should be ensured through compaction
and by quicky shutting off access to air (covering). The most optimal conditions for the growth of lactic acid bacteria
are 30-35% dry matter content, minimum 30% starch in dry matter, and maximum 20% crude fiber in dry matter
(26 When the biomass contains 70% water (30% dry weight), LAB are not restricted in their activity. A lower dry
matter content of 30% can cause the growth of bacteria of the genus Clostridium. When the raw material is drier
(more than 50% dry weight), LAB activity can be inhibited by 90%. Only 10% of LAB survive these extreme
conditions, due to the lack of free water. During ensiling, the osmotic pressure in the ensiled biomass increases.
The water available to bacteria in the dry raw material does not contain soluble carbohydrates, proteins, or

minerals. Dry matter content above 50% makes it difficult to knead and remove air. This promotes the growth of
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aerobic bacteria and fungi. As much as 35% of dry matter means that some parts of the ensiled raw material
contain up to 45% of dry matter [8JL7I[18]

3.1. Use of Maize for the Production of Fermented Feed

Corn (Zea mays) is a grain grown in North and South America, Asia, Africa, and Europe. About 850 million tons of
grain are grown on 162 million hectares of land each year. The USA (37% of world production) and China (21% of
world production) are the largest producers of maize. Maize silage is one of the most energetic foods for farm
animals, providing high levels of fat and protein. Currently, about two-thirds of the world’s maize is used as animal
feed 12, One of the main forms of maize used for animal feed is silage. Maize can be fermented with a high
efficiency because it has a high content of soluble sugars. The dry matter content of the whole maize plant silage
should be in the range of 32—-35%. The parameters determining the nutritional quality of maize silage include the
chemical composition and the content of nutrients, such as dry matter, total protein, total sugars, crude fat, crude
fiber, NDF, ADF, and starch, as well as minerals such as calcium, phosphorus, potassium, magnesium, sodium,
phosphorus, and sulfur [L8IL7I18],

Properly produced maize silage should meet the following parameters [18l:
o dry weight: 30—35%;

» starch: minimum 30% in dry matter;

 crude fiber: maximum 20% in dry matter;

e ADF: maximum 25% in dry matter;

o NDF: maximum 45% in dry matter;

e energy content: minimum 6.5 MJ NEL or 0.9 JPM in 1 kg of dry matter.

Corn grain has the highest energy value of any cereal, low fiber content, high concentrations of easily digestible
carbohydrates, quite high fat content, and highly digestible nutrients. However, corn kernels have low levels of
protein and amino acids such as lysine, tryptophan, and sulfur amino acids. The fat in corn kernels is rich in EFAs
(Essential Fatty Acids), especially linoleic acid. Unfortunately, due to its high moisture content and content of
simple sugars, corn is susceptible to pathogens and mold fungi of the genus Fusarium and Aspergillus. These
fungi produce very dangerous mycotoxins that have a negative impact on the health of animals. Therefore,
fermentation has become a popular method of preserving corn, especially as is about four times less expensive
than drying 1729,

3.2. Use of Yellow and Narrow-Leaved Lupine in the Production of Fermented Feed
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Like maize, lupine is grown all over the world. Poland is the third largest producer of lupine in the world (14.47% of
world production), after Australia (47.14% of world production) and Russia (16.51% of world production). The
amount of lupine produced in Poland has been increasing steadily since 2018. The most commonly used varieties
of lupine bred for the production of animal feed are narrow-leaved husk (Lupinus angustifolius L.) and yellow lupine
(Lupinus luteus L.). Replacing imported soybean feed with legumes is an interesting option for Polish agriculture,
since legumes are cultivated locally and have a high crude protein content (40% in yellow lupine seeds). Lupine
also has the ability to bind nitrogen, phosphorus, and other elements by releasing citrate into the soil. This is
important because the cultivation of lupine can improve the condition of less fertile lands and prevent over
exploitation, in accordance with the principles of sustainable agriculture. Lupine tolerates poor and acidic soils well,
and is adapted to the temperate climate prevailing in Europe. Lupine has a similar high protein content and amino
acid profile to soybeans, but it is less suitable for use in animal feed because of the presence of antinutritional
substances, including protease inhibitors, alkaloids, lectins, tannins, and phytates. These substances can be
reduced by various thermal treatments, or by the cultivation of sweet lupine varieties or varieties with a low
concentration of undesirable substances. Compared to maize silage, lupine silage contains much more protein.
Although it is a valuable protein feed, the large amount of protein and small amount of sugars do not favor the
fermentation process. The use of primers can eliminate this problem. By influencing the rate and course of lactic
acid fermentation, primers enable the long-term preservation of the fodder protein without reducing its biological
value. To obtain good quality silage, the dry matter content of the green forage should be 28—35% [221]122][23][24]

3.3. Other Plant-Based Biomass Used in the Production of Fermented Feed

3.3.1. Soy

Full fat and high protein (35-40% content 23) soybeans are a tasty and preferred component in pig feed, both
alone and in combination with other vegetable protein sources. Apart from having significantly improved protein
digestibility, soybean grains subjected to the extrusion process are also characterized by a better availability of
energy. As a result, the fat is better absorbed by the intestinal villi of animals. A fermented soybean meal is rich in
probiotics and functional metabolites, which facilitate digestion, absorption, and the use of soy protein in pigs, as

well as inhibiting the growth of pathogens, including Staphylococcus aureus and Escherichia coli 28],

3.3.2. Rapeseed

Rapeseed is used in pig feed due to its high protein content (36—38%), which is similar to that in soy. However,
rapeseed contains less lysine and more crude fiber than soy. Rapeseed meal is a by-product after oil extraction. Its
use in pig feed also reduces problems and costs related to disposal. The extrusion of rapeseed meal makes it
highly digestible, thanks to which there is great potential to significantly increase its share in the feed ration for pigs
[27][28]

3.3.3. Cereals
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Since cereals are grown mainly for human consumption, rye and other cereals were for a long time not included as
a feed component for pigs. An additional limitation was the ergot content of the old varieties. With the advent of
genetically modified rye, its use as a feed ingredient has increased. The high concentration of nonstarch
polysaccharides present in rye is undesirable in the diet of young pigs. However, the fermentation of these
components contributes to the production of more butyrate and improves intestinal health, providing some prebiotic
properties. Wheat is used in the form of decoctions, which are a by-product of ethanol production. This prevents
excessive waste and reduces problems and costs related to disposal. Feed with the addition of fermented cereals
contributes to reduce the susceptibility of pigs to diarrhea [22129,

References

1. European Commission. Agriculture and Climate Mitigation. Available online:
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/key policies/documents/cap-
specific-objectives-brief-4-agriculture-and-climate-mitigation_en.pdf (accessed on 5 January
2022).

2. International Institute for Sustainable Development. World Population to Reach 9.9 Billion by
2050. Available online: https://sdg.iisd.org/news/world-population-to-reach-9-9-billion-by-2050/
(accessed on 5 January 2022).

3. Sabater, C.; Ruiz, L.; Delgado, S.; Ruas-Madiedo, P.; Margolles, A. Valorization of Vegetable
Food Waste and By-Products Through Fermentation Processes. Front. Microbiol. 2020, 11,
581997.

4. Fierascu, R.C.; Fierascu, |.; Avramescu, S.M.; Sieniawska, E. Recovery of Natural Antioxidants
from Agro-Industrial Side Streams through Advanced Extraction Techniques. Molecules 2019, 24,
4212.

5. Jimenez-Lopez, C.; Fraga-Corral, M.; Carpena, M.; Garcia-Oliveira, P.; Echave, J.; Pereira, A.G.;
Lourenco-Lopes, C.; Prieto, M.A.; Simal-Gandara, J. Agriculture waste valorisation as a source of
antioxidant phenolic compounds within a circular and sustainable bioeconomy. Food Funct. 2020,
11, 4853-4877.

6. Rauw, W.M.; Rydhmer, L.; Kyriazakis, I.; @verland, M.; Gilbert, H.; Dekkers, J.C.; Hermesch, S.;
Bouquet, A.; Izquierdo, E.G.; Louveau, |.; et al. Prospects for sustainability of pig production in
relation to climate change and novel feed resources. J. Sci. Food Agric. 2020, 100, 3575-3586.

7. European Parliament and the Council. Regulation (EC) No 1829/2003 of the European Parliament
and of the Council of 22 September 2003 on Genetically Modified Food and Feed. Available
online: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32003R1829 (accessed
on 18 May 2022).

https://encyclopedia.pub/entry/34719 7/9



Fermented Plant Biomass in Pigs Feeding | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Sobotka, W.; Fiedorowicz-Szatkowska, E. The Effect of Replacing Genetically Modified Soybean

Meal with 00-Rapeseed Meal, Faba Bean and Yellow Lupine in Grower-Finisher Diets on Nutrient
Digestibility, Nitrogen Retention, Selected Blood Biochemical Parameters and Fattening
Performance of Pigs. Animals 2021, 11, 960.

. Andretta, I.; Pomar, C.; Kipper, M.; Hauschild, L.; Rivest, J. Feeding behavior of growing—finishing

pigs reared under precision feeding strategies1. J. Anim. Sci. 2016, 94, 3042-3050.

Nguyen-Ba, H.; van Milgen, J.; Taghipoor, M. A procedure to quantify the feed intake response of
growing pigs to perturbations. Animal 2020, 14, 253-260.

Xu, B.; Zhu, L.; Fu, J.; Li, Z.; Wang, Y.; Jin, M. Overall assessment of fermented feed for pigs: A
series of meta-analyses. J. Anim. Sci. 2019, 97, 4810-4821.

Nowak, A.; Slizewska, K.; Libudzisz, Z. Probiotics—History and Mechanisms of Their Effect.
Zywno$¢ Nauka Technologia Jako$é. Available online:
http://yadda.icm.edu.pl/yadda/element/bwmetal.element.agro-article-9858acac-d432-46bf-90be-
3b553194dbef (accessed on 5 January 2022).

Shin, D.; Chang, S.Y.; Bogere, P.; Won, K.; Choi, J.-Y.; Choi, Y.-J.; Lee, H.K.; Hur, J.; Park, B.-Y.;
Kim, Y.; et al. Beneficial roles of probiotics on the modulation of gut microbiota and immune
response in pigs. PLoS ONE 2019, 14, e0220843.

Plumed-Ferrer, C.; Von Wright, A. Fermented pig liquid feed: Nutritional, safety and regulatory
aspects. J. Appl. Microbiol. 2009, 106, 351-368.

Santos, A.; Avila, C.; Pinto, J.; Carvalho, B.; Dias, D.; Schwan, R. Fermentative profile and
bacterial diversity of corn silages inoculated with new tropical lactic acid bacteria. J. Appl.
Microbiol. 2016, 120, 266—279.

Fan, L.; Dou, M.; Wang, X.; Han, Q.; Zhao, B.; Hu, J.; Yang, G.; Shi, X.; Li, X. Fermented corn-
soybean meal elevated IGF1 levels in grower-finisher pigsl. J. Anim. Sci. 2018, 96, 5144-5151.

Kolver, E.S.; Roche, J.R.; Miller, D.; Densley, R. Maize silage for dairy cows. J. N. Z. Grassl.
2001, 63, 195-201.

Serva, L.; Andrighetto, I.; Marchesini, G.; Contiero, B.; Grandis, D.; Magrin, L. Prognostic capacity
assessment of a multiparameter risk score for aerobic stability of maize silage undergoing
heterofermentative inoculation (Lactobacillus buchneri) in variable ensiling conditions. Anim. Feed
Sci. Technol. 2021, 281, 115116.

Erenstein, O.; Jaleta, M.; Sonder, K.; Mottaleb, K.; Prasanna, B. Global maize production,
consumption and trade: Trends and R&D implications. Food Secur. 2022, 1-25.

Sola-Oriol, D. Data sheets: Maize. Available online: https://www.pig333.com/articles/maize-as-a-
feed-ingredient-for-pigs 14971/ (accessed on 17 June 2022).

https://encyclopedia.pub/entry/34719 8/9



Fermented Plant Biomass in Pigs Feeding | Encyclopedia.pub

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Islam, S.; Ma, W. Lupine. Encyclopedia of Food and Health. 2016. Available online:
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/lupin
(accessed on 5 January 2022).

Kim, J.C.; Pluske, J.R.; Mullan, B.P. Lupins as a protein source in pig diets. Perspect. Agric. Vet.
Sci. Nutr. Nat. Resour. 2007, 2, 3.

Available online: www.tridge.com/intelligences/lupin-bean/production (accessed on 5 January
2022).

Grela, E.R.; Samolinska, W.; Kiczorowska, B.; Klebaniuk, R.; Kiczorowski, P. Content of Minerals
and Fatty Acids and Their Correlation with Phytochemical Compounds and Antioxidant Activity of
Leguminous Seeds. Biol. Trace Element Res. 2017, 180, 338—-348.

Qin, P.; Wang, T.; Luo, Y. A review on plant-based proteins from soybean: Health benefits and soy
product development. J. Agric. Food Res. 2022, 7, 100265.

Su, L.-W.; Cheng, Y.-H.; Hsiao, F.S.-H.; Han, J.-C.; Yu, Y.-H. Optimization of Mixed Solid-state
Fermentation of Soybean Meal by Lactobacillus Species and Clostridium butyricum. Pol. J.
Microbiol. 2018, 67, 297-305.

Hui, Y.; Tamez-Hidalgo, P.; Cieplak, T.; Satessa, G.D.; Kot, W.; Kjeerulff, S.; Nielsen, M.O.;
Nielsen, D.S.; Krych, L. Supplementation of a lacto-fermented rapeseed-seaweed blend promotes
gut microbial- and gut immune-modulation in weaner piglets. J. Anim. Sci. Biotechnol. 2021, 12,
1-14.

Grela, E.R.; Czech, A.; Kiesz, M.; Wlazto, t.; Nowakowicz-Debek, B. A fermented rapeseed meal
additive: Effects on production performance, nutrient digestibility, colostrum immunoglobulin
content and microbial flora in sows. Anim. Nutr. 2019, 5, 373-379.

Olstorpe, M.; Axelsson, L.; Schnd%Rer, J.; Passoth, V. Effect of starter culture inoculation on feed
hygiene and microbial population development in fermented pig feed composed of a cereal grain
mix with wet wheat distillers’ grain. J. Appl. Microbiol. 2009, 108, 129-138.

McGhee, M.L.; Stein, H.H. Apparent and standardized ileal digestibility of AA and starch in hybrid
rye, barley, wheat, and corn fed to growing pigs1. J. Anim. Sci. 2018, 96, 3319-3329.

Retrieved from https://encyclopedia.pub/entry/history/show/79685

https://encyclopedia.pub/entry/34719 9/9



