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Abstract. The paper deals with modelling of cultivation and processing costs of locally-grown plant protein in
Latvia. Plant protein is a significant component both in animal and human nutrition. Presently, the EU and Latvia’s
economy, especially animal farming, largely depend on the import of plant protein products. Local production of
protein crops has been attracting increased interest recently mainly due to various environmental and climate
benefits, as well as advantages of short supply chains. While political initiatives to promote the growing of protein
crops locally exist in the EU, the cultivation and processing costs are crucial factors that affect the competitiveness
of locally grown plant protein for both animal and human consumption. The article seeks to evaluate the cost-
efficiency of local protein sources for the use as feed ingredients in pig farming. As the content of protein varies
among different crops, four protein crops are considered and compared in the study — soybeans, beans, peas and
blue lupine. The authors have developed a model that allows to evaluate the cultivation and processing costs of
protein crops not only per tonne of crop but also per tonne of crude protein and amino acids, including ideal amino
acid balance. The results of this study indicate that local peas and blue lupine have the highest cost-efficiency for
pig feeding. Locally grown soya is more expensive; therefore, it can be regarded as the premium source of protein
for pig feeding. By changing amino acid profile required in various animal feeds, the model allows assessing the
cost-efficiency of local protein crops not only in pig farming, but also in other livestock sectors.

Keywords: cost-efficiency modelling, plant protein, pig farming.

Introduction

Plant protein is a significant component both in animal and human nutrition. Protein is necessary
for the major structural components of animal tissues (like muscles) that in animal feeding is largely
dependent on the protein provided by plants (feeding animal protein to food producing animals is
generally prohibited in the EU). Being important, protein is usually the most expensive component in
animal diets, especially when evaluated for the amino acids it provides.

Presently, the EU and Latvia’s economy, especially animal farming, largely depend on the import
of plant protein products. Apart from import dependency reduction considerations and frequent price
fluctuations of soybean meal, local production of protein crops has been attracting increased interest
recently mainly due to various environmental and climate benefits, their contribution to the improvement
of local soils, and the possibility to position such products as non-GMO and locally grown, coupled with
other various advantages of short supply chains [1; 2].

Currently imported GMO soybean meal is the most-widespread protein source used in pig feeding
in the EU and Latvia. To develop more sustainable and GMO-free offer by pig farming that can meet
the changing customer preferences and the green course of agricultural policy [3], the inclusion of
locally grown protein plants in feed recipes needs to be considered. To fulfil the potential of alternative
protein sources, it is believed that constraints including inadequate supply and anti-nutritional factors
should be addressed [4]. At the same time, there are studies that have shown no adverse effects of
replacing soybean meals with alternative protein sources on growth performance of growing-finishing
pigs [5]. While political initiatives to promote the growing of protein crops locally exist in the EU [1],
the cultivation and processing costs are crucial factors that affect the competitiveness of locally grown
plant protein for both animal and human consumption.

The paper seeks to evaluate the cost-efficiency of local protein sources for the use as feed
ingredients in pig farming. As the content of protein varies among different crops, four protein crops are
considered and compared in the study — soybeans, beans (faba beans), peas (field peas) and blue lupine.
The paper first focuses on the comparison of the characteristics of these protein plants as feed ingredients
for pigs, followed by the evaluation of the cultivation and processing costs of protein crops not only per
tonne of crop but also per tonne of crude protein and amino acids, including per ideal amino acid balance.

Materials and methods

The main data sources for the study are information and empirical data obtained within the
agricultural European Innovation Partnership (EIP-AGRI) project “New Technologies and
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Economically Viable Solutions for the Production of Local Feed for Pig Production: Cultivation of Non-
genetically Modified Soybeans and New Barley Varieties in Latvia”, including unpublished information
provided by the project’s partners, as well as market data on agricultural commodities. The model of
locally grown protein costs comprises the following blocks.

1. Modelling of the full cultivation costs of protein crops: soybeans, beans, peas and blue lupine.

2. Modelling of processing costs, if processing is necessary (soybeans and blue lupine need to be heat-
treaded prior to feeding to pigs).

3. Calculation of the full costs (cultivation and processing), and modelling of the costs for actual
products used in pig feeding.

4. The calculation of protein costs per different indicators.

The costs of growing are estimated according to the method used by the authors in their previous
research [2]. The costs of growing include the costs of seeds (also inoculants), fertilisers, pesticides,
agro-technical works, transportation (from field to farm), cleaning and drying. To estimate the
processing costs of soybeans, extrusion-expelling is considered, as it is the only processing technology
commercially used for soybeans in Latvia [2]. At present, hardly any processing of blue lupines for pig
feeding exists in Latvia, while to estimate the processing costs of blue lupine, extrusion is used as it is
both technically and economically feasible (it is possible to adapt the existing technology of extrusion-
expelling). Unpublished data on commercial soybean, bean, pea and blue lupine growing [6], combined
with the unit costs of agricultural inputs and agro-technical operations provided by the Agricultural gross
margin calculations for 2019 (Latvian Rural Advisory and Training Centre) [7] serve as input data for
the modelling of the growing and processing costs.

In the case of soybeans and blue lupine, already processed product is used in pig feeding. As the
extrusion of lupine gives only one product, the full costs of growing and processing is calculated per
tonne of extruded lupine. The extrusion and expelling of soybeans yield two products — soybean cakes
or mechanically expelled soybean meal (contains protein) and soybean oil. Therefore, the full growing
and processing costs of soybeans are allocated between soybean cakes and soybean oil based on the
economic nutrient units. The following formulae are used for the allocation of the full cultivation and
processing cost of soybeans:

ENU_
CFfsc = CFfsb '
Yo ENUSC VYo ENUso (1)
ENU,
CF750 = CFfsb :
Yo -ENUg +y,, -ENU, , 2

where ce s — full costs per tonne of soybean cakes, EUR per tonne of dry matter (DM);
Cr_sb — full costs per tonne of soybeans, EUR per tonne of DM;
Cr so — full costs per tonne of soybean oil, EUR per tonne of DM;
Ysc— Obtained soybean cakes, tonnes of DM per tonne of soybean DM;
Yso - Obtained soybean oil, tonnes of DM per tonne of soybean DM;
ENUsc - economic nutrient units, tonnes per tonne of soybean cake DM;
ENUs, - economic nutrient units, tonnes per tonne of soybean oil DM.

The economic nutrient units (ENU) is the concept developed by the authors. It is a complex indicator
that measures the content of basic nutrients — protein, sugars plus starch, fat (lipids). This indicator
allows allocating not only the full costs of soybeans between soybean cakes and soybean oil, but also
the full costs of the products among the nutrients, thus allowing to calculate and model protein costs as
well. The ENU for a product (soybean cakes, soybean oil, beans, peas, extruded lupine) is calculated by
applying the following formula:

ENUP(DM)=a-/1pr_p+ﬂs+s_p+,8-/1f_p' )

where ENUpom — ENU for a product, tonnes per tonne of a product DM;
a — ratio of the market price of protein to the market price of sugars and starch;
Apr_p — protein content in a product, % of DM;
As+s p — content of sugars and starch in a product, % of DM;
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[ — ratio of the market price of crude fat to the market price of sugars and starch;
s p — fat (crude fat) content in a product, % of DM.

The market price of protein, fat, sugars and starch is determined by applying the approach developed
within the authors’ previous study [2]. Nevertheless, some modifications have been made to this
approach. First, maize is used instead of feed wheat as a reference product for sugars and starch due to
its higher content of sugars and starch. Second, GMO soybean meal instead of non-GMO soybean meal
is used as a reference product for protein when calculating the market price of sugars and starch (at
present, the calculated market price of protein is higher if GMO soybean meal is used as a reference
product for protein, which the authors regard as a market shortcoming). Third, more than one indicator
is used to measure protein, in addition to crude protein, the following indicators are applied — the sum
of selected amino acids (SSAA), the sum of selected amino acids expressed on a standardized ileal
digestible (SID) basis for pig feeding (SSAAsip), the sum of selected digestible amino acids in terms of
balanced protein (SSAAsib baianced). The latter is an indicator developed by the authors, which reflects the
part of SSAAsip that is balanced (according to the concept of ideal protein for pigs). The following
algorithm is used to calculate the content of SSAAsib paianced iN @ product (feed ingredient).

1. The ratios of digestible amino acids to digestible lysine in a product are compared to the concept of
ideal protein in order to determine the smallest value (k):

Cont _aa_SID,
Cont _lysg,p

kK =min

: (4)

where Cont_aa_SID; — content of digestible amino acid i in a product;
Cont_lyssip — content of digestible lysine in a product;
ri— ideal ratio of the amino acid i to lysine (ideal protein concept).

2. Ifk<1(4), the content of SSAAsip paianced IS Calculated as follows:

100+>'r,
Cont — SSAASID balanced — k-Cont — IySSID : é! (5)
- 100
where Cont_SSAAsip_batanced — CONtent of digestible SSAAsip palanced IN @ product;

Cont_lyssip — content of digestible lysine in a product;
ri—ideal ratio of the amino acid j (other amino acids except lysine that is 100) to lysine
(ideal protein concept);
n—number of the other amino acids;

3. Ifk>1(4), the content of SSAAsip palanced 1S Calculated as follows:

100+ r,
= 6
w0 (6)

For the study, the authors have selected the following significant amino acids in pig feeding — lysine
(lys), methionine (met), cystine (cys), threonine (thr), isoleucine (ile), leucine (leu), valine (val),
histidine (his), phenylalanine (phe). At the same time, the model allows changing the amino acids
included, as well as operate both at individual amino acids and the combinations of amino acids (e.g.,
met + cys) level. Different views exist about the concept of ideal protein and ideal ratios of amino acids
to lysine. Nevertheless, the authors have used the following ratios for the calculations: lys — 100,
met + cys — 59, thr — 64, ile + leu + val + his + phe — 425.

The long-term market prices of the reference products (rapeseed oil, soybean meal, maize) collected
and provided by Indexmundi.com [8], Donau Soja [9] and European Commission (Price monitoring
data) [10] are used to calculate the market price of fat, sugars and starch, protein and to estimate the
coefficients « and S. The values of a coefficient a vary by the protein indicator (crude protein, SSAA,
SSAAsip, SSAAsID palanced), and the lowest o is for crude protein, the highest o — for SSAAsip balanced-

Cont - SSAA'SID7 balanced — Cont — IysSID ’
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According to the authors’ estimates, « is 8.0 for crude protein, 21.2 for SSAA, 24.6 for SSAAgip and 29.1
for of SSAAsip palanced, While the value of the coefficient f—6.2.

Protein costs are calculated from the full costs per tonne of a product and ENU,owm) by applying the
following formula:

C
C_prot, =— =L . G- (7)
Cont_DM, ENU

where C_prot, — protein costs of a product, EUR per tonne of protein (i.e., crude protein, SSAA,
SSAAsp or SSAASID_baIanced);
Cr , — full costs of growing and processing, EUR per tonne of a product;
Cont_DM, — content of DM in a product;
o — coefficient a according to the applied protein indicator (i.e., crude protein, SSAA,
SSAASID or SSAASID_baIanced)-

Formula (7) is used to model protein costs for of all four protein indicators — per crude protein, per
SSAA, per SSAAsip and per SSAAsip_balanced-

Results and discussion
Protein crops as pig feed ingredients

Soybeans belong to the legumes family but are classified as oilseeds [11; 12]. Most soybeans
produced in the world are crushed to produce oil and soybean meal (beans contain about 20% oil and
40% protein) — the major source of protein and indispensable amino acids in non-ruminant feeding [12-
14]. About 75% of the world’s soybean meal is fed to pigs or poultry as a premier source of amino acids
[13]. Diets for poultry and pigs predominantly consist of cereals, with soybean meal as the main source
of protein (granivores’ diets contain higher levels of soybean meal than ruminants’) [4]. Soybean meal
and other soy products provide pigs with high quality protein that is rich in lysine, threonine and
tryptophan — the most limiting amino acids in cereals. Though not ideal (complements cereals), soybean
protein balance of indispensable limiting amino acids is superior to other plant proteins, as well as amino
acids in soya protein can be better digested by pigs than most other common protein sources [11; 13].

Conventional soybean meal is produced by extracting the oil with a solvent (usually hexane), while
mechanical extraction of the oil from soybeans results in the production of the by-product soybean cakes
[15; 16]. Mechanical extraction is less efficient than chemical, so the oil contents in soybean cakes is
greater than in soybean meal. Soybeans like other legumes contain anti-nutritional factors that reduce
nutrient utilization (most notably trypsin inhibitors), therefore, to be included in pigs’ diets all soybean
products must be prior heat-treated thus inactivating trypsin inhibitors [11; 15].

Soybeans are the most grown legumes in the world [17]. The production of soybeans is still
comparatively small in the EU, though, increasing [2]. In 2019, about 2.7 million tonnes of soybeans
were produced in the EU, as opposed to the total EU feed consumption of soybean meal standing at
around 30 million tonnes [18]. The main challenges for the cultivation of soybeans in the EU currently
are low yields and long growing season [12]. In Latvia, the production of soybeans has also started to
attract wider attention and questions about its growing costs and efficiency have arisen. Presently, the
cultivation of soybeans in Latvia cannot be considered for bulk production, but soybean cakes produced
from on-farm grown soya could be a competitive feed ingredient in local chains. The quality of locally
sourced soybean products in Latvia is found to be equal to the imported soya [19].

Farmers grow grain legumes (pulses) for their seeds to be consumed by humans and animals, with
peas being the most cultivated and established grain legume in Europe, mainly grown to meet protein
requirements of animals [12; 20; 21]. The total EU production of peas was 2.2 million tonnes in 2019,
while feed use totalled 1.9 million tonnes [18]. Currently, peas are the second most cultivated pulses in
Latvia [22]. The use of peas in animal feeding in the world has developed only over the past 50 years
that has been facilitated also by the fact that peas can be cultivated in areas where other protein sources
cannot be grown (cool-season alternative to soybeans) [15; 20]. However, as all legumes, peas suffer
from a wide range of diseases and pests [23]. In recent years, peas are receiving increasing interest in
the EU to be used as protein source for food and feed [12]. Peas contain about 22% protein that has a
relatively high lysine content, but low concentration of methionine, cysteine, and tryptophan compared
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to soybean protein, while the digestibility of most amino acids by pigs is comparable to the soybean
meal [15]. Although peas contain less crude protein and lysine than soybean meal, it is more than grains
[24]. They have 5 to 20% less trypsin inhibitors than soybeans that makes possible to feed dry peas
directly to livestock without extrusion heating process [21]. Apart from young pigs, it is considered that
peas can be included in growing-finishing pig diets as an alternative protein source without affecting the
growth performance [25].

Beans are the second most cultivated grain legumes in Europe [12] and the pulses most sown in
Latvia [22]. The EU production of beans was 1.7 million tonnes in 2019, with the total EU feed
consumption standing at 1.2 million tonnes [18]. The chemical composition of beans is close to peas
with about 22-28% of protein, also digestibility of its amino acids and the concentrations of trypsin
inhibitors in beans is close to the values reported for peas [15]. Peas and beans can be considered as a
viable alternative protein source to soybean meal in nutritionally balanced grower and finisher pig diets
[26].

High protein content (35%) makes lupines an interesting crop, considered as a possible alternative
to soybean meal in diets for monogastric animals [12;[27], though, compared to soybean meal in pig
diets, lupines have imbalanced amino acid profile and lower amino acid digestibility [27]. The EU
production of lupines was 0.3 million tonnes in 2019, with 0.4 million tonnes used as feed [18]. Lupines
contain hardly any trypsin inhibitors but have toxic alkaloids, which are bitter tasting and may reduce
food intake [12]. Among other technologies, extrusion is used to improve the nutritional value of lupines
[28]. If lupine-based diets are formulated on equal amounts of digestible amino acids, performance of
pigs can be comparable or superior to the pigs fed soybean meal-based diet [29].

Modelled plant protein costs for pig feeding

The results of the model indicate that local peas and blue lupine have the highest cost-efficiency for
pig feeding (see Table 1 and Table 2).

Table 1
Full costs of cultivation and processing of local protein crops in Latvia
. Crop
Indicator Soybeans |Beans| Peas | Blue lupine

Field costs, EUR per tonne of crop* 316 136 | 110 88
After-field costs, EUR per tonne of crop** 8 10 10 8
Full growing costs, EUR per tonne of crop 324 146 | 120 96
Processing costs, EUR per tonne of crop 45 - - 35
Full costs, EUR per tonne of crop 369 146 | 120 131
Product Soybean cakes | Beans | Peas | Extruded lupine
Full costs*** according to the protein indicator used, EUR per tonne of product

crude protein 355 146 | 120 131

SSAA 351 146 | 120 131

SSAAsip 352 146 120 131

SSAASID balanced 351 146 120 131

* costs of seeds, fertilisers, pesticides, agro-technical works

** costs of transportation (from field to farm), cleaning and drying

*** choice of indicator matters only for soybeans, as the processing yields two products — soybean cakes and soybean oil
Source: the authors’ calculations

Peas have the lowest full costs (cultivation and processing) per product among the compared local
protein crops (120 EUR per tonne), rather closely followed by blue lupine with about 9% higher costs.
Peas and blue lupine also have the lowest protein costs for all four protein indicators. However, blue
lupine excels in terms of balanced digestible amino acids (SSAAsip palanced). One tonne of digestible
amino acids of blue lupin fed to pigs is evaluated to be by 17% cheaper than that of peas, the cost
advantage over beans is by 42% and for soybean cakes reaches even 48%. While peas are not only the
cheapest, but also a common protein crop suitable for growing in local conditions, it seems that the
potential of blue lupin as a protein source in pigs’ diet could be currently underrated. Considering lower
cost advantages, the potential of blue lupin for wider use in pig feeding is promising. As feed costs
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account for the largest share of the costs in pig farming, by replacing more expensive sources of protein
in pigs’ diets with cheaper alternatives even partly, it is possible to increase the profitability of pig
farmers. Furthermore, the need to reduce protein losses in feed within the climate change context calls
for increased focus on the costs of balanced digestible amino acids instead of the costs of crude protein.

Beans that are currently the most popular local protein crop in Latvia show a medium cost potential.
The full cultivation and processing costs per tonne of beans are by about 22% higher than for peas, the
difference is less for crude protein costs (beans are by 11% more expensive), but it expands for balanced
digestible amino acids (SSAAsip baianced) (D€aNS are by 44% more expensive), the latter being much more
pronounced in comparison with blue lupin.

Table 2
Protein content and calculated protein costs of locally grown protein crops in Latvia
. Crop
Indicator Soybeans Beans Peas Blue lupine

Product Soybean cakes| Beans Peas | Extruded lupine
Biochemical parameters:

Content of crude protein (in DM), % 39.5 28.7 24.5 30.6

Content of SSAA (in DM), % 13.7 9.7 8.9 10.5

Content of SSAAsip (in DM), % 12.0 7.7 7.1 9.2

Content of SSAAsip balanced (in DM), % 10.0 3.8 4.5 7.7

Content of sugars and starch (in DM), % 4.7 51.8 61.0 9.8

Content of crude fat (in DM), % 8.7 1.7 1.7 5.6

Content of DM, % 93.3 86.0 86.0 86.0
Protein costs:

Costs of crude protein, EUR per tonne 813 466 418 422

Costs of SSAA, EUR per tonne 2291 1345 1136 1209

Costs of SSAAsip, EUR per tonne 2 625 1670 1392 1390

Costs of SSAAsip palanced, EUR per tonne 3145 2 868 1993 1649

Source: the authors’ calculations

Growing of soybeans locally is the most complicated and expensive among the studied local protein
crops. The cultivation and procession costs of soybeans are at least twice as high than for other local
protein sources, also protein costs of soybean cakes are considerably higher. At the same time, soybeans
can be regarded as the premium source of protein for pig feeding due to its amino acid profile and very
high content of SSAAsip palanced. At the same time, the protein costs of locally grown soybean cakes are
lower than the protein costs of imported non-GMO soybean meal.

According to the authors’ calculations, if the 3-year average price of imported non-GMO soybean
meal is used in the model, the protein costs are the following: per tonne of crude protein — 1 008 EUR,
per tonne of SSAA — 2 658 EUR, per tonne of SSAAsip — 3 085 EUR, and per SSAAsip palanced — 3 644
EUR. Thus, all four analysed locally grown protein crops outperform imported non-GMO soybean meal.
Furthermore, inclusion of locally grown plant protein feed ingredients in pigs’ diets provides a non-
price competitive advantage for the promotion of pork on the market.

It should be mentioned that the application possibilities of the model developed by the authors are
wider than demonstrated by the results of the study, e.g., modelling of the impact of coupled support for
protein crops on net protein costs, modelling of protein costs for different tillage systems, modelling of
protein costs for other livestock (cattle, poultry) feeding. The model also allows modelling protein costs
for different crops and in different countries (regions).

Conclusions

1. Among four feed ingredients with different protein content considered in the study for the
modelling, the costs of locally grown peas, blue lupine and beans stand out as compared to soybean
cakes, the cultivation and procession costs of which are at least twice as high.
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Blue lupin is potentially an underrated low-cost local protein source, especially when the costs of
balanced digestible amino acids (SSAAsip nalanced) are considered. Peas are a common protein crop
suitable for growing in local conditions, with comparatively low protein costs. Cultivation of beans
is also common, and overall, they have medium cost potential. Cultivation of local soybeans is more
complicated and protein costs of soybean cakes are higher. However, locally grown soybeans can
be regarded as the premium source of protein for pig feeding.

Although soybean cakes from locally grown soybeans have higher protein costs than other local
feed ingredients, they outperform imported non-GMO soybean meals by lower protein costs.
Furthermore, the inclusion of locally grown plant protein feed ingredients in pigs’ diets provides a
non-price competitive advantage for the promotion of pork on the market.

The results of the modelling of locally grown plant protein costs indicate that local blue lupine, peas
and beans can contribute to the performance of pig farming, as by replacing more expensive protein
feed ingredients in pigs’ diets with cheaper alternatives even partially, it is possible to increase the
profitability of pig farmers.

The model developed by the authors provides wider application possibilities to model protein costs
than demonstrated by the study, e.g., modelling of the impact of coupled support for protein crops
on net protein costs, modelling of protein costs for different tillage systems, modelling of protein
costs for feeding of other livestock.
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