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Abstract. The quality of compound feeds used in livestock diets could be enhanced by means of
domestically produced pulses. Nevertheless, there are available few research studies that would
allow us to identify the economic efficiency of livestock diets with pulses and the digestibility of
protein by livestock for deer farming. Accordingly, the present research aims to identify the
economic efficiency of diets supplemented with domestically produced pulses - faba beans, peas
and lupine beans - for captive deer. The research conducted a feeding experiment on captive deer
(Cervus elaphus) kept in fenced areas to identify the economic efficiency of diets supplemented
with three legume species: peas (variety ‘Vitra’), faba beans (variety ‘Fuego’) and narrow-leaved
lupin seeds (variety ‘Boregine’). Deer productivity was assessed by live weight, live weight gain,
feed intake and protein efficiency ratio during the experimental period, as well as feed cost per
live weight gain unit. The research found that feeding deer diets containing peas, faba beans and
lupine beans as protein-rich feedstuffs was economically advantageous - at the same cost of feed,
deer productivity increased and per-unit production costs decreased. Live weight gains during the
experimental period were 1.02% higher in group 2 (pea diet), 1.78% higher in group 3 (faba bean
diet) and 2.91% higher in group 4 (lupine diet) than in the control group. During the experimental
period, the highest protein efficiency ratio was found in group 4 fed a diet containing lupine beans
- a unit of protein fed (1 kg) yielded the highest weight gain or 0.43 kg. Feed costs per kg of live
weight gain were the lowest in group 4 (2.32 EUR kg'!), 2.48 EUR kg! in group 3 and
2.70 EUR kg in group 2, which was 20.56%, 14.81% and 7.39%, respectively, lower than those
in the control group.
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INTRODUCTION

The livestock industry needs to adapt to the changing external environment, which
is affected by changing public needs regarding food, the environment and health, and is
therefore still developing. In many countries research is done on protein sources and
protein levels in ruminant diets with regard to animal health, product quality and
environmental impacts (Gilbery et al., 2007; Joch & Kudrna 2020; White et al., 2000).
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With regard to the changing and growing public needs, the livestock industry need to be
economically viable; therefore, the key to its economic viability is the efficient use of
available feed resources. To make the industry more profitable, the efficient use of
feedstuffs becomes increasingly important (Sharasia et al., 2015). In recent years, pulses
have become an increasingly popular source of feed for farm animals, and it is estimated
that between 10 and 20 percent of the feed is made up of various pulses. Some authors
(Wanapat et al., 2013) have pointed out that the inclusion of legume seeds in animal diets
has the potential to improve animal productivity both qualitatively and quantitatively.
One of the challenges to be tackled is the choice of appropriate feedstuffs that can
increase productivity without increasing feed costs (Beigh et al., 2017).

Feed is divided into roughage and concentrates. Roughage is mainly pasture grass,
hay, silage, root crops, straw etc., while concentrates are mainly made up of protein-rich
feeds, e.g. grains and pulses, food, starch and alcohol processing residues as well as
oilseed (rapeseed, maize, soybean, sunflower) meal (AAFCO, 2000). Poultry and pig
feed consists of concentrates, while for ruminants concentrates make up 0.75-0.5% of
the dry matter of the feed (Schone & Rajendram, 2009).

The protein-rich feed traditionally used in deer diets (oat grains) has a dry matter
crude protein content of approximately 12%, (Summary of the..., 2013), which together
with roughage feedstuffs cannot provide the optimal amount of protein (14-16%) to
achieve the desired level of productivity (Huapeng et al., 1997). For this reason, food
processing residues (e.g. rapeseed cakes) with high protein content (up to 30% of dry
matter) have become widely used in livestock production, yet the output of residues
cannot meet the quantity needed for livestock farming. There is a high demand for high-
protein materials for livestock feed in Europe and European agriculture has a deficit of
about 70% high-protein materials, of which 87% is met by imported soybeans and
soybean meal (Watson et al., 2017). The imported protein-rich products (soybean,
sunflower meal), however, are expensive; therefore, using such products in livestock
production could be economically unprofitable. Trends in the world market indicate that
the prices of protein-rich feedstuffs are rising, thereby making a significant impact on
the total price of feed and, consequently, on the cost of livestock production. Over the
last 5 years, the average price of soybean meal on world stock exchanges has fluctuated
from 279 to 419 EUR t!, reaching 419 EUR t! at the end of 2020 (IndexMundi, 2021).
The price of soybean meal imported from the USA has increased from 333 EUR t™! in
January 2015 to 449 EUR t! in January 2021 (European Commission, 2021). Overall,
the prices of imported full-fat soybean, rapeseed and sunflower meal have increased by
43-65% during this period. The domestic price of feed-grade wheat in July 2020 in the
EU-28 was 196 EUR t!, while in Latvia 147 EUR t"'. At the end of last year, the average
prices of feed-grade peas and beans in the EU were 219 and 240 EUR t, respectively,
while in Latvia 202 and 227 EUR t! (EUROSTAT, 2019, CSB, 2021).

According to the available information, the main focus in Latvia should be placed
on increasing the protein content in feed by means of domestically produced feedstuffs.
The inclusion of pulses in the diet of ruminants is important not only in terms of chemical
composition of the diet but also in terms of rate of nutrient degradation in the rumen.
The rumen degradation of pulse proteins often exceeds 80%, which is similar to most
cereals (Dixon & Hosking, 1992). The rumen degradation of starch is lower for faba
beans and peas than for cereals (Larsen et al., 2009).
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Pulses are a source of high-quality protein and energy for all kinds of livestock,
ensuring a combination of great taste and digestibility (Pulse Australia, 2006).
Experience is being built up in feeding cattle (Osmane et al., 2017), sheep (Kairisa &
Aplocina, 2018), goats (Aplocina & Degola, 2019) and poultry (Nolte et al., 2020)
legumes in the form of both green fodder and dried seeds. Faba beans can replace
soybean meal in diets for dairy cows and sheep without reducing milk yield and affecting
milk composition, livestock growth and carcass quality (Tufarelli et al., 2012). The
authors base their research studies on the rational and efficient use of pulses in animal
diets on the physiological and biological processes of metabolism in animals. Besides,
the inclusion of pulses in animal diets can lead to higher animal productivity. However,
there are few research studies on the economic efficiency and effectiveness of inclusion
of pulses in livestock diets for a non-traditional agricultural industry -deer farming.

Deer farming is a new and intensively growing non-traditional livestock industry
in Latvia, in recent years, the assortment and consumption of game meat products has
increased significantly, which is mainly associated with consumer expectations of the
quality and nutritional value of the products (Grunert et al., 2004). The economic and
cultural transition from mass selling to niche selling (Riivits-Arkonsuo et al., 2017) plays
an important role in the development of deer farming; at the same time, the food market
1s beginning to be dominated by product characteristics such as nutritional value and
healthiness. Strazdina et al. (2011) indicate that venison is a good addition to a healthy
human diet, it has a lower content of saturated fatty acids (SFA) than traditional farm
animal meat has, as well as a higher protein content. The number of captive deer has
increased 2.2 times between 2008 and 2019, reaching 16.01 thousand in 2019 (Animal
statistics, 2019). Thereby raising a number of questions concerning effective
management of the deer herds.

Composing a livestock diet of different feedstuffs, it is important to ensure all
nutrients needed for the growth and normal development of livestock are supplied:
protein, fats (lipids), carbohydrates (including fibre), minerals (macroelements),
microelements, vitamins etc. Protein is an essential component of animal feed. It is
absolutely necessary for the growth of animals and the maintenance of the animal
organism, as well as for the production of livestock products (Chadd et al., 2002).The
feedstuffs selected for animal diets make an effect on animal productivity and the
economic performance of the farm; therefore, efficient use of feed is also essential in
assessing the economic efficiency and effectiveness of the resources used. Some
research studies by foreign authors (Brelurut et al., 1990; Hewitt, 2011) have found that
an animal weighing 90150 kg need to receive on average 25.0-39.0 MJ kg™! of energy
and 310.0-350.0 g of protein per day, depending on the climatic conditions and the
physiological condition of the animal and according to the season and the physiological
requirements of the red deer organism.

The efficiency of animal diets is one of the most important aspects of deer farming
in relation to the production of animal products. In Latvia, few research studies are
available on the economic efficiency and effectiveness of inclusion of pulses in livestock
diets, yet there are some research studies indicating that pulses included in livestock and
poultry diets can serve as an important source of protein, and the inclusion of pulses in
the diets reduces feed costs and increases livestock productivity. A research has been
done on an industry that is presently topical in Latvia which is a little-researched non-
traditional agricultural industry. Since a limited amount of statistical data on the deer
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industry was available, to identify economic gains of using selected feed ingredients in
the deer farming authors analyzed the information of primary sources - results of
experiments, publications of Latvian and foreign scientists, research findings regarding
theoretical aspects of deer industry as well as an unpublished information of the
institutions engaged in the deer industry. Therefore, the present research aims to identify
the economic efficiency of diets supplemented with domestically produced pulses - faba
beans, peas and lupine beans - for captive deer.

MATERIALS AND METHODS

The research conducted a feeding experiment on captive red deer (Cervus elaphus)
kept in fenced areas to identify the economic efficiency of diets supplemented with three
legume species: peas (variety ‘Vitra’), faba beans (variety ‘Fuego’) and narrow-leaved
lupine seeds (variety ‘Boregine’) for captive deer. The feeding experiment was
implemented for five months in the winter-spring season of 2018. It should be
emphasized that the year 2018 was characterized by low rainfall (LEGMC, 2019). For
this reason, the grass yield was relatively low at the beginning of the grazing period, and
feeding hay and silage to the deer continued until mid-June. Feeding the deer
concentrates was particularly important to maintain their productivity during both winter
and summer. The quality of compound feed used in animal diets could be enhanced by
including domestically produced pulses.

Table 1. Chemical feed test results

. Oats Peas Beans Lupine Hay Silage
Indicators (=5 (=5 (=5 (=5 (=5 (=5
Dry matter, 90.84 £0.53 86.87 £0.08 86.05 +0.27 90.99 +£1.15 87.86 £ 0.08 24.75 +0.27
%

Crude protein, % 9.36 £0.33 26.80£0.22 33.69 + 0.86 34.89 £2.53 7.66 +0.45 9.77 £0.59
of dry matter

Insolube protein, 0.25+0.04 0.71+£0.11 055+0.21 1.24+0.42 0.85+£0.01 0.44+0.02
%

Soluble protein, 2.15+0.08 12.71 £1.15 19.89 +2.26 22.92 +1.85 2.53 +0.32 7.15+£0.27
%

Undegradable 66.85+2.0 48.89+4.73 38.10 +8.13 29.37 £2.37 19.08 £ 2.05 16.47 +4.83
intake protein, %

Neutral detergent 33.32 +2.63 12.84 £0.79 14.83 £1.48 20.58 £3.92 77.91 £0.79 61.42 £1.36
fibre (NDF), %

Acid detergent  17.77+1.02 9.32+£0.16 11.72+£0.88 20.06 + 1.90 44.98 £ 0.69 40.91 +0.53
fibre (ADF), %

Metabolizable 12.20£0.08 13.50 £0.01 12.60 + 0.07 13.00 £0.15 9.70 £ 0.06 10.00 +0.92
energy (ME),

MJ kg! of dry

matter

Data are presented as means + SD — standard deviation.

For the feeding experiment, the deer were selected according to analogous
physiological parameters (18 months), so that the amount of protein provided by the diet
would be the main factor to be analysed. The average live weight of the deer in the
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control group (group 1) (n=10) was 75.20 £ 9.83 kg, in group 2 (n=10) 74.75 £ 5.73 kg,
in group 3 (n =10) 73.80 £ 8.71 kg and in group 4 (n = 10) 73.10 + 8.48 kg.

In the control group (group 1), one deer received an average of 7 kg of silage, 1 kg
of hay and 1 kg of rolled oats per day, vitamins, a mineral complex and freely available
drinking water. For the experimental groups, the diets included 200 g kg ground peas
(group 2), 200 g kg ground faba beans (group 3) and 150 g kg ground lupine beans
(group 4). The basic feed ration (hay, silage) was the same for all the groups, while the
amount of oats was reduced according to the amount of pulses added. Since the object
of the present research is the economic aspects of protein components of the concentrates
fed, the protein components of feedstuffs are a focus in the research. The research results
were comparatively assessed from the perspective of profitability of the industry,
focusing on the economic efficiency of feedstuffs, the cost of protein-rich feedstuffs and
animal productivity. To assess the quality of the feed, biochemical feed tests were
performed to determine dry matter content, crude protein content, ADF, NDF (Table 1).

Table 2. Protein intake per animal per day, g

1%t group 2" group 3" group 4™ group
Forage (control) (peas) (beans) (lupine)
Silage 169.21 169.21 169.21 169.21
Hay 66.69 66.69 66.69 66.69
Oats 85.06 59.54 59.54 61.25
Peas - 46.56 - -
Faba beans - - 57.98 -
Lupine - - - 47.62
Total 320.96 341.99 353.42 344.76
Change against control group  — 21.04 32.46 23.80

The basic function of protein is to provide the animal with the amino acids it
contains. Protein also has nutritional energy value and contributes to meeting the energy
requirements of the animal. This additional function was taken into account when
designing an optimal diet; however, to meet the energy requirements, it was based
primarily on the addition of carbohydrate and fat-containing feedstuffs to the diet. The
average amount of crude protein in the diet for the control group was 320.96 g. The
amount of crude protein in the diets for the experimental groups was similar, exceeding
that for the control group by 21-32 g (Table 2). For the feeding experiment, the diet for
the control group was designed so that an animal could absorb 2.6 kg of dry matter per
day, providing the control group with a metabolizable energy (ME) per animal on
average 33.94-35.1 MJ kg ..

The following animal productivity indicators were calculated based on (Perrett et
al., 2008):

— weight gain (WGQG) per animal during the experimental period:

WG = LWe — LWi, (1)
where WG — weight gain, LWe — live weight at the end of the experiment, LWi — initial
live weight;

— average daily live weight gain (DWG) per animal:

LWe — LWi
DWG= — 2)
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here T — experimental period in days;

— live weight gain percentage (WG (%)) per animal:
wee) = V=W 0o, 3)
LWi

The animals were weighed using the electric scales EziWeigh 6 (manufacturer Tru
Test Ltd) with aresolution of 0.1 kg at the beginning of the experiment and once a month
during the experiment.

To determine the weight gain per unit of protein consumed or the efficiency of feed
intake (Rushton, 2008),

— protein efficiency ratio (PER) was calculated:
wa
PER = =, “4)
where CPi — protein intake;
— feed cost per weight gain (FCwo):
(FS; X FC) + ...+ (FS, X FC,)

wa ©®)

FCye =

where FS — fees stuff; FC — feed cost.

Research data were analyzed by a non—parametric method (Mann—Whitney U
criteria test) for data comparison (Arhipova & Balina, 2006) using SPSS for Windows,
Version 25.0 (IBM Statistics for Windows). Two independent variables - deer of control
group and deer of trial groups were compared at the essentiality level P < 0.01.

RESULTS AND DISCUSSION

One of the main economic aspects of livestock production is feed cost. The average
price of feedstuffs over the experimental period was used to calculate feed costs. For
feed cost assessment, comparing only actual unit costs is misleading. When purchasing
feedstuffs, the main focus is put on one or two of their main characteristics - protein
content and energy value. Protein and nutritional energy are the main ingredients to
balance a ration. Most proteins from natural sources are equably usable by animals;
therefore calculating price per unit of protein is a good method to determine the best
feedstuff (Shewmaker, 2013). For this reason, analysing protein-rich feedstuffs for deer
diets, the actual cost of protein in a feedstuff was determined, and the price of a kg of
crude protein in legume seeds and oats was calculated according to the amount of protein
in the feed and the price of this feed.

Table 3. Crude protein cost

Faba Lupine

Feed concentrate Oats Peas

beans beans
Purchase price*, EUR kg! 0.18 030 030 0.40
Cost of 1 kg of crude protein, EUR kg! 206 129 1.03 1.26
Cost of crude protein compared with the cost of oats, EUR kg! — -0.77 -1.02 -0.80

* The prices are calculated according to 2019 Prices Roundup provided by Central Statistical Bureau of Latvia.

The results of the experiment showed that the actual cost of a kg of protein in
legume beans was higher than that in oats fed to the deer (Table 3). However, an analysis
of the costs of a kg of protein in protein-rich feedstuffs revealed that oats were the most
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expensive feedstuff and cost 2.06 EUR kg!. The cost of protein available in pulses was
in the range from 1.03 to 1.29 EUR kg, meaning that the cost of a kg of crude protein
in faba beans was the lowest, 1.02 EUR kg™ lower than that in oats.

The economic efficiency of the feed ingredients used in the experiment needs to be
identified in terms of production costs and productivity (Perrett et al., 2008), thus
determining the most efficient diet with the highest profitability.

Table 4. Feed costs per animal per day

1t group 2™ group 3" group 4™ group
Forage (control) (peas) (beans) (lupine)
Silage, EUR 0.07 0.07 0.07 0.07
Hay, EUR 0.055 0.055 0.055 0.055
Oats, EUR 0.200 0.140 0.140 0.144
Peas, EUR - 0.06 - -
Faba beans, EUR — - 0.06 —
Lupine, EUR — - - 0.06
Mineral additives, EUR 0.016 0.016 0.016 0.016
Total per animal per day, EUR 0.341 0.341 0.341 0.345
Total per group per trial, EUR 511.50 511.50 511.50 517.50
Changes against control group,% — 0 0 1.17

A prerequisite for the production of economically efficient livestock products is to
achieve the lowest possible feed cost. To make the most rational use of feed, it is
important to achieve a decrease in feed consumption, i.e. the lowest feed consumption
per unit of production. It should be mentioned that the inclusion of legume seeds in deer
diets kept the cost of feed at the same level and even slightly increased it for group 4 by
1.17% (Table 4), which could be explained by the difference in crude protein content
and cost between oats and legume seeds (Table 1).

Table 5. Economic indicators of pulse diets during experiment (150 days)

: 1%t group 2™ group 3" group 4™ oroup
Indicators (control) (peas) (beans) (lupine)
LWi , kg* 7520+£9.83 74.75+5.73 73.80+871 73.10+8.48
LWe, kg* 92.75+12.70 93.70£9.99 94.405+ 11.40 95.455+ 11.60
Change against control group, % — 1.02 1.78 291
WG per animal, kg* (1) 17.55+3.72 18.95+8.78 20.605+6.69 22.355+523
Change against control group, % — 7.98 17.38 27.35
DWG, kg (2) 0.117 0.126 0.137 0.149
WG (%) (3) 23.34 25.35 27.91 30.57
Change against control group, - 2.01 4.58 7.24
percentage points
PER (4) 0.36 0.37 0.39 0.43
Change against control group, % — 1.34 6.60 18.56
FCwa, EUR kg'! (5) 291 2.70 2.48 2.32
Change against control group, % 100 -7.39 -14.81 -20.56

*Means with superscript letter S are significantly different at P < 0.01 in comparison with the control group.
The numbers of each columns that do not have letter have a meaningful difference (P > 0.01); data are
presented as means + SD — standard deviation.
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As regards the intakes and chemical composition of feed, the diets with an addition
of pulses contained higher amounts of protein at equivalent feed costs. This provides an
opportunity to achieve higher productivity at equivalent resource consumption.

The economic efficiency of animal diets is determined by animal fattening and
productivity. Various research studies have emphasized that feeding concentrates leads
to faster live weight gain in deer, as well as positive changes in the properties of carcasses
and meat (Volpelli et al., 2003). There are few research studies on feeding pulse diets to
red deer and the physiological and economic efficiency of the diets. Some research
studies indicate that the protein content in concentrates (16%) is provided by pulses and
cereals (Gomez et al., 2006), while Lavrenci¢ & Veternik (2018) point out that there are
no significant differences in in-vitro digestibility of feed between sheep and red deer and
state that this allows the results of research on sheep to be applied to the development of
feed rations for red deer (Lavren¢i¢ & Veternik, 2018). Research studies on feeding
lupine beans to ruminants have found that supplementing the ruminant diet with lupine
bean meal makes a positive effect on live weight gain compared with feeding cereal
grains (Van Barneveld, 1999). A similar conclusion was made by Tefera and the
colleagues who pointed out that the inclusion of 300 g of lupine beans in the diet for
sheep resulted in a higher average weight gain, feed conversion and carcass quality
compared with the grain diet (Tefera et al., 2015).

The present research showed that supplementing the deer diets with pulses over a
five-month experimental period, the deer live weight in the experimental groups
exceeded that of the control group (Table 5). In the group fed peas, the total live weight
gain was 1.02% higher than that in the control group fed beans (an increase of 1.78%),
while in the group fed lupin beans, the increase was even 2.91%. A comparison of the
final live weight with the initial one within each group revealed that the highest rate of
live weight increase was found in the group fed a lupine bean additive, exceeding the
initial live weight by 30.57%, which was 7.24 percentage points more than in the control
group. A similar conclusion was made by Wegi et al. (2018) who found in their
researches that a higher increase in live weight was observed if 30% faba beans of
various varieties were included in sheep diets. However, feeding faba beans (300 g kg™!)
and a combination of faba beans (150 g kg'!) and lupine beans (150 g kg™') to fattening
lambs resulted in a higher average live weight gain and slaughter weight than that in the
group fed a diet with an addition of lupine beans (250 g kg!). Lobon et al. (2020) noted
that field pea can constitute up to 30% of the concentrate of light lambs, reducing the
soybean inclusion 42% without deleterious effects on the apparent digestibility, lamb
performance or carcass characteristic

To determine the efficiency of legume seed diets, a protein efficiency index was
calculated, which showed the weight gain per unit of protein consumed. The results of
the experiment confirmed that the most efficient absorption of protein was found in the
group fed a diet with an addition of lupine beans, where one unit of protein fed (1 kg)
resulted in the highest increase in live weight or 0.43 kg during the experimental period.
The groups fed diets with an addition of peas and faba beans to concentrates had a higher
protein efficiency index than the control group. Conversely, the lowest performance was
found in the control group, where a kg of protein fed lead to a 0.36 kg increase in live
weight during the experimental period.
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Feed costs per kg live weight gain during the experimental period were calculated
to identify the economic efficiency of pulse diets. An analysis of the feed costs per kg
live weight gain during the experimental period revealed that the differences in cost were
significant. For example, in group 2 fed a diet with an addition of peas, the feed cost per
kg live weight gain was 7.39% lower than that in the control group, in group 3 fed a diet
with an addition of faba beans it was 14.81% lower, and in group 4 fed a diet with an
addition of lupin beans it was even 20.56% lower.

CONCLUSIONS

Feeding diets containing peas, faba beans and lupine beans as protein-rich
feedstuffs to captive deer was economically advantageous - at the same cost of feed, deer
productivity increased and per-unit production costs decreased. The costs of protein in
various feedstuffs varied significantly. Faba beans provided the lowest protein cost, as a
kg of crude protein cost 1.03 EUR, the cost of crude protein in lupine beans was
1.26 EUR kg!, in peas 1.29 EUR kg'!, while the highest crude protein cost was found
for oats at 2.06 EUR per kg of crude protein. The experimental groups fed diets with an
addition of pulses received higher amounts of protein (21-32 g) at the same feed cost as
in the control group. The live weight gain during the experimental period was 1.02%
higher in group 2 (peas) than that in the control group, 1.78% higher in group 3 (faba
beans) and 2.91% higher in group 4 (lupin beans). The most efficient protein absorption
was found in group 4 fed a diet with an addition of lupine beans, where one unit of
protein fed (1 kg) resulted in the highest live weight gain or 0.43 kg during the
experimental period. The lowest feed costs per 1 kg of live weight gain were found in
group 4 (2.32 EUR kg™'), in group 3 - 2.48 EUR kg'!, in group 2 - 2.70 EUR kg!, which
were by 20.56%, 14.81%, and 7.39%, respectively, lower than that in the control group.

The economic results of feeding domestically produced feeds rich in protein
convincingly show that these feeds may be recommended for deer farms for the purpose
of reducing feed costs and increasing productivity. Adding pulses to deer feed rations
increases the productivity of deer, which at the same time reduces the cost of feed per
weight gain. It indicates that it is possible to achieve a higher efficiency in exploiting
production resources and a reduction in production cost.
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