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Abstract

Soybean meal (SBM) is a by-product of soybean processing, and it is widely used as
a component of diets for various livestock species, including rabbits. However, at the beginning of
the 215t century, researchers began to search for alternative high-protein feeds that could replace
SBM in rabbit diets. The aim of the present study was to review, in chronological order, the
literature on alternative feed ingredients as substitutes for SBM in rabbit diets in Central
Europe in the 215t century. The authors reviewed studies investigating the replacement of SBM
in rabbit diets with plant-based protein sources such as maize and wheat distillers’ dried grains
with solubles (DDGS), rapeseed meal, rapeseed cake, white lupine seeds, peas and silkworm
pupae and mealworm larvae meals.

The analysis revealed that SBM in rabbit diets can be completely or partially replaced with
other high-protein plant ingredients and insect meals without compromising the performance of
animals.

The soybean (Glycine max) is an annual plant of the family Fabaceae.
Its most productive part is the seed pod containing up to four seeds.
The soybean was first domesticated in China in the 11t? century BCE, and
this crop was introduced to both Americas and Europe only in the 18tk
century CE. At present, the soybean is one of the leading crops in the
global economy, and the interest in this plant species continues to increase
(ANDERSON et al. 2019). The world’s leading producers and exporters
of soybeans are the United States, Brazil, Argentina, India, China,
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Canada, and Paraguay (LAGOS and STEIN 2017, IBANEZ et al. 2020). Soy-
bean production is still low in Europe, mainly due to unfavorable climatic
conditions, but its cultivation has increased in recent years. Genetically
modified (GM) soybeans were introduced to the global market in the 1990s.
The distinguishing feature of GM soybeans was their resistance to the
Roundup herbicide. New GM soybean varieties that are resistant to other
plant protection products and pests were developed in the following years.
At present, more than 80% of soybeans cultivated worldwide are GM plants,
and GM soybeans occupied 50% of the global area under modified crops in
2018 (SIERADZKI et al. 2021). In the European Union, genetic modification
of crops for food and feed production continues to stir considerable contro-
versy. However, conventional (non-GM) soybeans are more expensive to
produce, and they are cultivated mainly in the more affluent European
countries and in Japan (GUILPART et al. 2022).

The global popularity of soybeans can be attributed to their high pro-
tein content. On average, soybeans contain 35-38% of protein with
a highly favorable amino acid profile for feed production (KARR-LILIEN-
THAL et al. 2004). This crop is also cultivated for the production of food,
and it can be used as a replacement for animal protein sources in vegetar-
ian and vegan diets. Soybeans contain approximately 18% of fat rich in
essential unsaturated fatty acids such as linoleic, oleic and linolenic acids.
Soybean oil is used in the food processing industry and in the production
of lubricants and biofuels. Soybean oil is also incorporated into animal
diets to enhance their energy value and fatty acid content (GUZELER and
YILDIRIM 2016, ANDERSON et al. 2019).

The by-products of soybean oil extraction are used in animal nutrition,
including in rabbit diets. These include soybean meal (SBM), soybean
hulls, and soy protein concentrates. Soybean meal is the most popular
by-product of soybean oil processing. It is a rich source of protein and exog-
enous amino acids for fast-growing farm animals during intensive fatten-
ing and for high-yielding livestock. The protein content of SBM ranges
from 42% to 50%, and it is usually determined at 45.0-49.5%, depending
on the soybean cultivation method, variety, and geographic origin. For
example, SBM produced in the US sometimes contains more crude pro-
tein, fewer oligosaccharides, and is characterized by lower trypsin inhibi-
tor activity than SBM produced in Argentina or Brazil, which results in
higher apparent ileal digestibility of nitrogen and higher energy value. It
should also be noted that thermal processing reduces the content of
anti-nutritional factors in soybeans (KARR-LILIENTHAL et al. 2004,
DE COCA-SINOVA et al. 2008, RAVINDRAN et al. 2014, LAGOS and STEIN
2017, IBANEZ et al. 2020).
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The chemical composition and energy value of SBM fed to rabbits in
experiments conducted in Central Europe are shown in Table 1. In all
tables, the results are presented on a dry-matter (DM) or a fresh-matter
(FM) basis, and energy value is expressed as gross energy (GE) or digest-
ible energy (DE), as in the cited studies. All abbreviations are spelled out
under the tables. The protein content of SBM ranged from 36.82% (STRY-
CHALSKI et al. 2020) to 47.10% (VOLEK et al. 2018b) on a FM basis, and
from 50.26% (KOWALSKA et al. 2020b, KOWALSKA et al. 2021, STRYCHALSKI
et al. 2021) to 53.20% (ZWOLINSKI et al. 2017) on a DM basis.

Table 1
Chemical composition and energy value of soybean meal (according to the authors cited
in the study

DM|CP|EE|CF|NFE|NDF|ADF|ADL GE
[%] [Md/kg]

Authors

VOLEK and MAROUNEK (2009)"*

86.80(43.80| 2.30 | — — |10.80| 6.70 | 2.50 - VOLEK ot al. (2014)"
88.24(45.93| 2.46 | — - |16.97| 741 | — | 1811 | STRYCHALSKI et al. (2014)""
88.20(53.20| 2.30 | 420 | — [19.20] 840 | — | 17.10 GUGOLEK et al. (2015)"
90.11|50.15| 2.05 | — |[85.70|15.67| 6.92 | 5.56 | 19.45 GUGOLEK et al. (2017)"
89.66 | 50.40 | 20.64 | — — |15.41| 756 | 4.23 | 14.53 ZWOLINSKI et al. (2017)"
87.30(47.10| 1.90 | — — 19.90 | 5.80 | 1.40 - VOLEK et al. (2018b)""
90.10|45.20 | 1.80 | 4.60 [32.20| - - - |12.50% GUGOLEK et al. (2018)™

GUGOLEK et al. (2019)™

88.6846.56 | 1.98 | 4.44 |34.12|10.63| 6.25 | 1.15 | 17.36 GUGOLEK et al. (2021)™

90.11|45.19| 1.85 | — — |14.12| 6.24 | 5.01 | 17.53 KOWALSKA et al. (2020a)"
89.92(36.82| 2.17 | — — |16.57| 7.36 | 5.08 | 17.13 | STRYCHALSKI et al. (2020)""
89.10(46.50 | 2.40 | — - |11.70| 7.00 | — - VOLEK et al. (2021)"

KOWALSKA et al. (2020b)”
89.35|50.26 | 2.15 — — 15.02| 7.84 | 3.96 | 16.38 KOWALSKA et al. (2021)*
STRYCHALSKI et al. (2021)"

NOWAKOWICZ-DEBEK et al.
— |46.550| - - - - - - - (2021)™
WLAZEO et al. (2021)™

* —in DM; ** — in FM; ™ — digestible energy

DM - dry matter; CP — crude protein; EE — ether extract; CF — crude fiber; NFE — N-free extract;
NDF — neutral detergent fiber; ADF — acid detergent fiber; ADL — acid detergent lignin;
GE — gross energy; FM — fresh matter
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Soybean meal is a popular protein source in complete pellets for rab-
bits. Most studies addressing this issue were conducted in the 1990s (NASR
et al. 1996, PRASAD and KARIM 1998). Previously, peanut meal and animal
meals had been included in livestock diets to increase protein content
(GUGOLEK and KOWALSKA 2022).

In addition to SBM from defatted flakes, soy protein concentrates are
also fed to farm animals, including rabbits. Soy protein concentrates con-
tain up to 90% of crude protein, and they are frequently added to diets for
pregnant and lactating does (GARCIA et al. 1999, GUTIERREZ et al. 2003,
CHAMORRO et al. 2007).

Soybean hulls are yet another by-product of soybean oil extraction.
Soybean hulls contain approximately 12—13% of crude protein and 2—3% of
crude fat. They also contain around 36% of crude fiber, and can be used as
a crude fiber source in rabbit diets (GARCIA et al. 1999, NICODEMUS et al.
2007).

The by-products of the extraction of oil from soybean seeds, in partic-
ular SBM, are widely used as components of diets for broiler rabbits. How-
ever, at the beginning of the 215t century, researchers and breeders began
to search for alternative high-protein feeds that could replace SBM in rab-
bit diets. This is because the production of SBM is expensive outside coun-
tries that are the world’s leading soybean suppliers, including in Central
Europe. Genetically modified (GM) soybeans also raise numerous con-
cerns. Moreover, some countries have announced their plans to ban soy-
bean cultivation for the production of feedstuffs (CHRISTIANSEN et al. 2019,
JIANG 2020, SCHEITRUM et al. 2020).

Numerous studies have been conducted in Central Europe, i.e. in
Poland and Czechia, to test other vegetable protein sources as potential
SBM substitutes in rabbit diets, such as oilseed meals (STRYCHALSKI et al.
2014, GUGOLEK et al. 2015, GUGOLEK et al. 2017, ZWOLINSKI et al. 2017,
VOLEK et al. 2018b, NOWAKOWICZ-DEBEK et al. 2021, WLAZLO et al. 2021),
DDGS (CHEEMINSKA and KOWALSKA 2013, STRYCHALSKI et al. 2014,
GUGOLEK et al. 2015), legume seeds (VOLEK and MAROUNEK 2009, VOLEK
et al. 2014, GUGOLEK et al. 2017, ZWOLINSKI et al. 2017, VOLEK et al.
2018a, VOLEK et al. 2018b, UHLIROVA and VOLEK 2019, STRYCHALSKI et al.
2020), and insect meals (GUGOLEK et al. 2019, KOWALSKA et al. 2020b,
KOWALSKA et al. 2021, GUGOLEK et al. 2021, STRYCHALSKI et al. 2021,
VOLEK et al. 2021). The chemical composition and energy value of feed
components used as SBM alternatives in rabbit diets, described in the
above studies, are presented in Table 2.
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Table 2

Chemical composition and energy value of feed components used as substitutes
for soybean meal

DM | CP | EE | CF |NFE |NDF|ADF|ADL| GE
Feed | | | [*J,] | | | M k] Authors
%’%gg 88.88(23.59(12.635.45| — | — | — | — | - CHELMINSI(‘Q*O?I;%*KOWALSKA
Wheat |93.53(29.13|7.36| — — |39.98/3.42| — | 20.46 STRYCHALSKI et al. (2014)™
DDGS [93.50[39.30]7.808.50| — [42.80[3.60] — | 18.50 GUGOLEK et al. (2015)"
DWLS |88.70(43.00/11.50] — | — [12.70[10.80|3.80| — VOLEK et al. (2018a)""
NOWAKOWICZ-DEBEK et al. (2021)"
FRM |[87.87(36.15/1.63[14.16] — | — | — | — - WiAZLO eEtQ Al (2021)£* )
KOWALSKA et al. (2020b):
MM |9430[51:34/27.95 — | - |11.42/7.59|1.26| 22.50 KOWALSKA et al. (2021)°
STRYCHALSKI et al. (2021
59.40(40.00(15.00 — — [11.50{8.30| — - VOLEK et al. (2021)
88.14(25.25(0.96| — [63.51[12.77| 7.9 | 5.34 | 18.83 GUGOLEK et al. (2017)"
88.85(24.29(1.29| — | — [11.71]7.35|4.12| 12.09 ZWOLINSKI et al. (2017)"
PS  88.10(22.30(0.90|5.70 [55.80| — | — 12.30%) GUGOLEK et al. (2018)""
88.14(22.26/0.85| — | — [6.96(11.26/4.71| 16.60 KOWALSKA et al. (2020a)"™"
88.85(29.61(1.26| — | — [14.637.72]4.60| 16.48 STRYCHALSKI et al. (2020)"
91.02(37.98]3.99| — [33.35(26.29|14.62| 6.42 | 17.48 GUGOLEK et al. (2017)"
90.11(36.46[4.20 | — | — [24.07|14.25(4.98| 11.79 ZWOLINSKI et al. (2017)"
RPM |91.00(34.60| 3.60 |15.20{30.40| — | — | — | 9.909 GUGOLEK et al. (2018)™
87.80(34.50| — | — — 28.30[20.10{ 8.50 | — VOLEK et al. (2018b)™
91.02(34.57|3.63| — | — [23.93/13.31|5.84| 15.91 KOWALSKA et al. (2020a)™
RSC 90.28(31.58[10.84| — | — [22.19(12.61] — | 20.25 STRYCHALSKI et al. (2014)""
90.20(35.50(12.00(13.40| — [24.60[14.00] — | 18.90 GUGOLEK et al. (2015)"
gy |8870[27.50/2:80| — | - |ss.60[28.00 9.50| - VOLE{} ;L’;‘:{l\gfgf‘ggﬁ)(%ﬁmg)
88.50(27.30 39.90/28.70{ 9.80 | — VOLEK et al. (2018b)™
GUGOLEK et al. (2019)""
93.19(51.58(26.49| 3.73 | 7.46 [31.35|9.34 | 2.95 | 24.69 GUGOLEK of al. EZOZI;H
SPM KOWALSKA et al. (2020b):
94.40(51.75[24.19] — | — [6.49|5.49|2.46| 23.94 KOWALSKA et al. (2021)°
STRYCHALSKI et al. (2021)
VOLEK and MAROUNEK (2009)"*
88.30(29.70[11.40 — | — [33.00[23.00/5.90| - VOLEK et al. (201 45** )
88.79(46.28| 2.27 31.64(31.41|22.12| 5.99 | 18.77 GUGOLEK et al. (2017)""
90.34(43.37|4.45| — | — [29.32[21.68|5.09 | 12.34 ZWOLINSKI et al. (2017)"
WLS  T38.80[41.10] 5.00 [18.50[25.10] — | — | — |10.309 GUGOLEK et al. (2018)""
89.00(34.90| — | — — [22.70(17.00{6.50 | — VOLEK et al. (2018b)™
88.79(41.092.02| — | - [27.89|19.64|5.32 | 16.67 KOWALSKA et al. (2020a)™
90.13(29.61[2.64| — | — [28.85(16.93|5.52| 16.65 STRYCHALSKI et al. (2020)""

* —in DM; ™ —in FM;

*wk

— digestible energy

DM — dry matter; CP — crude protein; EE — ether extract; CF — crude fiber; NFE — N—free
extract; NDF — neutral detergent fiber; ADF — acid detergent fiber; ADL — acid detergent lignin;
GE — gross energy; FM — fresh matter; DDGS — distillers’ dried grains with solubles; DWLS — de-
hulled white lupine seeds; FRSM — fermented rapeseed meal; MLM — mealworm larvae meal;
PS — pea seeds; RPM — rapeseed meal; RSC — rapeseed cake; SBM — soybean meal; SFM — sun-
flower meal; SPM — silkworm pupae meal; WLS — white lupine seeds
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The aim of the present study was to review, in chronological order, the
literature on alternative feed ingredients as substitutes for SBM in rabbit
diets in Central Europe (Poland, Czech Republic) in the 215t century. Stud-
ies investigating SBM substitution in rabbit diets and substitution levels
are listed in Table 3. The main findings and conclusions from these studies
are discussed chronologically in subsequent sections.

Table 3
Studies investigating soybean meal substitution in rabbit diets and substitution levels
SBM in diet SBM substitution with other feed
Authors
[%] components [%]
10.0 1) WLS 15.0 VOLEK and MAROUNEK
: 2) SFM 17.0 (2009)
12.0 1) SBM 7.0+maize DDGS 5.0 CHELMINSKA and
: 2) SBM 2.0+maize DDGS 10.0 KOWALSKA (20183)
1) SBM 13.0+SFM 5.0 | 1) WLS 25.0
2) 7.0 2) WLS 12.0 VOLEK et al. (2014)
1) wheat DDGS 5.0 STRYCHALSKI et al. (2014)
5.0 2) RSC 5.0 GUGOEEK et al. (2015)
3) wheat DDGS 2.5+RSC 2.5 et al.
1) SBM 7.5+RSC 5.0+WLS 4.0+PS 3.0 GUGOLEK et al. (2017)
15.0 2) RSC 10.04WLS 8.0+PS 6.0 ZWOLINSKI et al. (2017)
’ ’ ’ GUGOLEK et al. (2018)
7.0 1) DWLS 7.0 VOLEK et al. (2018a)
1) SBM 13.0+SFM 5.0 | 1) RPM 10.0+WLS 14.0
2) 7.0 2) RPM 6.0+WLS 4.0 VOLEK et al. (2018b)
1) SBM13.0+SFM 5.0 | 1) DWLS 18.0 UHLIROVA and VOLEK
2) 7.0 2) DWLS 7.0 (2019)
1) SBM 5.0+SPM 5.0
10.0 2) SPM 10.0 GUGOLEK et al. (2019)
1) SBM 5.0+WLS 3.5+PS 1.5
10.0 2) WLS 7.0+PS 3.0 STRYCHALSKI et al. (2020)
1) SBM 7.0+RPM 5.0+WLS 4.0+PS 3.0
15.0 2) RPM 10.0+WLS 8.0+PS 6.0 KOWALSKA et al. (2020a)
1) SBM 5.0+SPM 4.0 KOWALSKA et al. (2020b)
10.0 9) SBM 5.04MLM 4.0 KOWALSKA et al. (2021)
’ ’ STRYCHALSKI et al. (2021)
6.0 1) MLM 3.0 VOLEK et al. (2021)
1) SBM 5.0+SPM 5.0
10.0 %) SPM 10.0 GUGOLEK et al. (2021)
1) SBM 7.85+FRSM 4.0 WLAZEO et al. (2021)
10.85 2) SBM 4.88+FRSM 8.0 NOWAKOWICZ-DEBEK
3) SBM 1.90+FRSM 12.0 et al. (2021)

SBM - soybean meal; WLS — white lupine seeds; SFM — sunflower meal; DDGS — distillers’ dried
grains with solubles; RSC — rapeseed cake; PS — pea seeds; DWLS — dehulled white lupine seeds;
RPM - rapeseed meal; SPM — silkworm pupae meal; MLM — mealworm larvae meal, FRSM —
fermented rapeseed meal



Soybean Meal Alternatives in Rabbit Diets... 299

VOLEK and MAROUNEK (2009) were the first Central European
researchers to explore SBM replacement in rabbit diets. They analyzed
whether white lupine seeds or sunflower meal could be effective dietary
protein sources for broiler rabbits. Three diets were prepared: a control
diet containing SBM, and two experimental diets where SBM was replaced
with white lupine seeds (first experimental diet) and sunflower meal (sec-
ond experimental diet). No significant differences in body weight gain or
the feed conversion ratio (FCR) were found between the groups, but feed
intake was higher in the sunflower meal group. Carcass yield was higher
in rabbits receiving white lupine seeds, compared with the other two
groups. The digestibility of DM and crude protein was not affected by the
dietary treatments. However, the digestibility coefficient of neutral deter-
gent fiber was significantly lower, and the digestibility coefficients of acid
detergent fiber and energy were lower (non-significant differences) in rab-
bits fed sunflower meal, relative to the other two diets. Increased cecal
concentration of lactic acid was observed in rabbits fed white lupine seeds.
The study demonstrated that both white lupine seeds and sunflower meal
can effectively replace SBM in diets for growing rabbits raised for meat.
The next study by VOLEK and MAROUNEK (2011) did not focus on SBM
substitution, but its results are worth mentioning. The authors compared
the effects of white lupine seeds (15%) and sunflower meal (12%) added to
rabbit diets on the fatty acid composition of hind leg meat and perirenal
fat. The diet containing white lupine seeds had a beneficial influence on
the fatty acid profile of both hind leg meat and perirenal fat. These tissues
had higher concentrations of monounsaturated fatty acids than the tissues
of rabbits fed sunflower meal.

CHEEMINSKA and KOWALSKA (2013) determined the effect of two inclu-
sion levels of maize DDGS in rabbit diets. The addition of DDGS at 5% had
no negative influence on body weight gain, feed intake or meat quality.
However, a diet containing 10% of DDGS was not safe for rabbits due to its
high mycotoxin content. Mycotoxin concentrations remained high in this
diet, despite the use of detoxifiers, which considerably deteriorated meat
quality. The study has shown that maize DDGS fed to rabbits should be
analyzed to establish safe mycotoxin levels.

In their experiment, VOLEK et al. (2014) examined the effect of white
lupine seeds fed to lactating does on the yield and fatty acid composition of
milk, and the growth rate and health status of their offspring. No signifi-
cant differences in feed intake or litter weight gain were noted between
the groups. However, does fed a diet with white lupine seeds were charac-
terized by higher milk yields and a more favorable fatty acid profile of
milk. Morbidity and mortality rates due to digestive diseases were lower
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in the group receiving white lupine seeds, compared with the groups fed
SBM and sunflower meal. It was found that white lupine seeds can be
a viable alternative to conventional protein sources in diets for lactating
does, and that they can improve the fatty acid profile of milk.

STRYCHALSKI et al. (2014) investigated the efficacy of rapeseed cake
and wheat DDGS fed to growing Californian rabbits. Four diets were ana-
lyzed: a control diet containing 5% SBM, a diet containing 5% rapeseed
cake, a diet containing 5% wheat DDGS, and a diet containing 2.5% rape-
seed cake and 2.5% wheat DDGS. No significant differences in rabbit per-
formance were found between the groups. Nutrient and energy digestibil-
ity was highest in the control group, and lowest in the group fed a diet with
5% wheat DDGS. The relative weight of the small intestine and digesta
was highest in the latter group. The coefficients of cecal digesta hydration
and bulking as well as pH values were highest, and the cecal concentra-
tions of volatile fatty acids were lowest in rabbits fed a diet with 5% addi-
tion of rapeseed cake. Enhanced enzyme activity of colonic microbiota,
which increased nutrient digestibility, was noted in rabbits receiving
a diet with 2.5% rapeseed cake and 2.5% wheat DDGS, relative to the
group fed 5% wheat DDGS. The study demonstrated that SBM can be
effectively replaced with 5% rapeseed cake as well as 2.5% rapeseed cake
combined with 2.5% wheat DDGS in diets for young rabbits.

In a study by MATUSEVICIUS et al. (2014), sunflower meal was par-
tially replaced with rapeseed meal in diets for growing rabbits to deter-
mine their gastrointestinal tract response and growth performance.
The results of this study are interesting because both meals can also be
used as SMB substitutes. Desirable changes were noted in the gastrointes-
tinal tract of rabbits fed diets containing 5% and 10% rapeseed meal,
including a decrease in pH and ammonia concentration, and an increase
in DM digestibility, compared with the control group. However, rapeseed
meal had no significant effect on feed intake and utilization or live weight
gain. It was found that the addition of rapeseed meal to rabbit diets can
minimize the negative effect of sunflower meal on fermentation processes
in the gastrointestinal tract, but it does not improve the growth perfor-
mance of animals.

GUGOLEK et al. (2015) evaluated the productivity and gastrointestinal
tract response of meat-type rabbits fed diets containing rapeseed cake and
wheat DDGS. The administered diets were identical to those described by
STRYCHALSKI et al. (2014). Productivity was highest in the control group,
and lowest in the group receiving a diet with 5% wheat DDGS. Similar
tendencies were noted for nutrient digestibility and nitrogen retention. No
significant differences in carcass dressing percentage were observed
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between the groups. Animals fed 5% wheat DDGS were characterized by
undesirable gut responses, including excess digesta hydration in the small
intestine, increased ammonia concentration in the cecum and colon and
enhanced activity of potentially pathogenic bacteria. Such responses were
not noted in rabbits fed other diets. A decrease in DM concentration in the
small intestine was observed only in the group receiving a diet with the
addition of 2.5% rapeseed cake and 2.5% wheat DDGS. The results of this
experiment indicate that SBM can be replaced with rapeseed cake in rab-
bit diets. Since the animals receiving 2.5% rapeseed cake and 2.5% wheat
DDGS were characterized by comparable productivity, such a combination
is also possible. However, the dietary inclusion of 5% wheat DDGS nega-
tively affected most of performance parameters in growing rabbits.

In their later study, GUGOLEK et al. (2017) analyzed whether SBM
could be replaced with rapeseed meal and legume seeds in rabbit diets.
The influence of such a substitution on productivity and gastrointestinal
function was evaluated. Three diets were formulated: a control diet con-
taining 15% SBM, experimental diet 1 containing 7.5% SBM, 5% rapeseed
meal, 4% white lupine seeds and 3% pea seeds, and experimental diet 2
where SBM was completely replaced with 10% rapeseed meal, 8% white
lupine seeds and 6% pea seeds. Productivity was comparable in all groups.
Changes were noted in the enzyme activity of large gut microbiota, in par-
ticular increased secretion of glycoside hydrolases by bacterial cells, in
rabbits fed a diet without SBM, which probably contributed to their high
growth performance. The study revealed that SBM can be replaced, par-
tially or completely, with a mixture of rapeseed meal, white lupine seeds
and pea seeds.

ZWOLINSKI et al. (2017) also evaluated the effect of a mixture of rape-
seed meal, white lupine seeds and pea seeds as a substitute for SBM on
performance parameters, nutrient digestibility and nitrogen retention in
rabbits. They found that animals fed diets containing rapeseed meal, white
lupine seeds and pea seeds were characterized by similar productivity as
those fed SBM-based diets.

VOLEK et al. (2018a) investigated the effect of dehulled white lupine
seeds added to rabbit diets on carcass traits and meat quality. The control
group was fed a diet containing SBM. Many quality attributes of raw and
cooked meat were higher in rabbits fed a diet with dehulled white lupine
seeds.

In their subsequent experiment, VOLEK et al. (2018b) analyzed whether
SBM and sunflower meal can be replaced with white lupine seeds and
rapeseed meal in diets for female rabbits, and whether such a substitution
would affect milk yield and composition as well as the performance of their
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offspring. Two diets for lactating does and two diets for growing rabbits
were formulated. The first lactation diet contained 13% SBM and 5% sun-
flower meal as the main protein sources; the second lactation contained
10% rapeseed meal and 14% white lupine seeds; the first grower diet con-
tained 7% SBM; the second grower diet contained 6% rapeseed meal and
4% white lupine seeds. Does feeding their young received one of the two
lactation diets, and kittens aged 17 to 42 days received one of the two
grower diets. No significant differences in milk yield, the body weights of
animals or feed intake were found between the dietary treatments. How-
ever, diets with white lupine seeds and rapeseed meal contributed to
a more favorable fatty acid profile of milk, including higher concentrations
of polyunsaturated fatty acids. No negative side effects of feeding the
experimental diets were noted, which suggests that rabbits can be success-
fully fed diets with white lupine seeds and rapeseed meal.

GUGOLEK et al. (2018) evaluated the physiological response of rabbits
to diets containing rapeseed meal, white lupine seeds and pea seeds as
SBM substitutes. The diets were identical to those formulated by GUGOLEK
et al. (2017). No significant differences in the growth rate of animals,
selected morphological and biochemical blood parameters or carcass traits
were noted between experimental and control groups. In addition, white
lupine seeds exerted a beneficial influence on gastrointestinal function by
improving fermentation processes in the gut. The results of this study
clearly indicated that SBM can be successfully replaced with white lupine
seeds, pea seeds and rapeseed meal in rabbit diets.

UHLIROVA and VOLEK (2019) performed an experiment to determine
the effect of dehulled white lupine seeds added to feed on milk production
and composition in does, and on the growth performance of their litters
before weaning. Two lactation diets were formulated: a control diet con-
taining 13% SBM and 5% sunflower meal and an experimental diet con-
taining 18% dehulled white lupine seeds. No significant differences in milk
production were observed between the treatments. An increase in the con-
centrations of polyunsaturated fatty acids was observed in milk from does
receiving dehulled white lupine seeds. Their kittens were also character-
ized by higher milk intake. It was found that dehulled white lupine seeds
can be used as a protein source in diets for lactating does without compro-
mising their milk performance or the growth performance of their off-
spring. It should also be noted that a study by VOLEK et al. (2020) revealed
that narrow-leaved lupine seeds were a less effective dietary protein source
for fattening rabbits than white lupine seeds.

GUGOLEK et al. (2019) analyzed the growth performance of broiler rab-
bits and the chemical composition of their meat in response to different
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dietary levels of silkworm pupae meal. The control diet contained 10%
SBM, the first experimental diet contained 5% SBM and 5% silkworm
pupae meal, and the second experimental diet contained 10% silkworm
pupae meal. In both experimental groups, rabbits were characterized by
slightly lower final body weights, lower average daily gains, and lower feed
intake, as well as lower dressing percentage and carcass weight, relative
to the control group. In turn, silkworm pupae meal contributed to improv-
ing the FCR. Experimental diets had no significant influence on the chem-
ical composition of rabbit meat, but they affected its fatty acid profile. The
cited authors concluded that insect meals can constitute novel protein and
fat sources for rabbit raised for meat. Moreover, the use of silkworm pupae
meal for feed production can partially solve the problem of environmental-
ly-friendly sericultural waste management.

A study by STRYCHALSKI et al. (2020) aimed to determine the effect of
replacing SBM with a mixture of white lupine seeds and pea seeds on
growth performance, nutrient digestibility and nitrogen retention in rab-
bits. The control diet contained 10% SBM, the first experimental diet con-
tained 5% SBM and a mixture of white lupine seeds and pea seeds, whereas
in the second experimental diet, SMB was completely replaced with white
lupine and pea seeds. Neither partial nor complete substitution of legume
seeds for SBM negatively affected the growth performance of rabbits,
nutrient digestibility or nitrogen retention.

Similarly to GUGOLEK et al. (2017), KOWALSKA et al. (2020a) investi-
gated whether a combination of rapeseed meal, white lupine seeds and pea
seeds, used as substitutes for SBM in rabbit diets, affected the growth
performance of animals and the fatty acid composition of their meat and
fat. The tested diets had no significant effect on the final body weights of
rabbits. Rabbits fed diets containing rapeseed meal, white lupine seeds
and pea seeds were characterized by higher feed efficiency and higher pro-
tein content of thigh muscle. Dressing percentage was higher in the exper-
imental group fed a diet without SBM than in the control group. The pro-
portion of saturated fatty acids decreased, and the proportion of polyun-
saturated fatty acids increased in perirenal fat with decreasing dietary
inclusion levels of SBM. The study demonstrated that SBM can be effec-
tively replaced with a mixture of rapeseed meal, white lupine seeds and
pea seeds in rabbit diets.

In another experiment, KOWALSKA et al. (2020b) evaluated the efficacy
of insect meals in rabbit nutrition, including their effect on slaughter
parameters and meat quality. The following diets were formulated: an
SBM-based control diet, an experimental diet containing silkworm pupae
meal and an experimental diet containing mealworm larvae meal. Insect
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meals increased the final body weights of rabbits and carcass dressing
percentage. They also affected the amino acid composition of meat by mod-
ifying the levels of lysine, tryptophan and isoleucine, although the total
concentrations of essential amino acids remained unchanged. The content
of saturated fatty acids in meat was comparable in all groups. The meat of
rabbits fed silkworm pupae meal had higher levels of polyunsaturated
fatty acids and lower cholesterol levels. It was concluded that insect meal
can be included in rabbit diets at 4% without compromising the growth
performance of animals or meat quality.

Set out to determine whether SBM could be replaced with yellow meal-
worm larvae meal in rabbit diets, VOLEK et al. (2021) formulated two diets,
of which one contained 6% SBM and the other contained 3% yellow meal-
worm larvae meal as protein sources, and their effects on average daily
gains, nutrient digestibility and nitrogen retention were compared. Daily
feed intake was significantly lower in rabbits fed the diet with insect meal.
Average daily gains between days 32 and 53 of the experiment were lower
in the experimental group than in the control group. However, at the end
of the study, no significant differences in this parameter or in the final
body weights of animals were found between the groups. Feed utilization,
nutrient digestibility and N excretion were also comparable in both groups.
Rabbits receiving yellow mealworm larvae meal were characterized by
lower total nitrogen excretion, lower nitrogen losses in urine, and higher
nitrogen retention. According to the cited authors, diets with the addition
of yellow mealworm larvae meal can be fed to fattening rabbits with no
adverse effect on the analyzed parameters.

STRYCHALSKI et al. (2021) investigated the gastrointestinal response
and growth performance indicators of rabbits to the dietary replacement of
SBM with insect meals. Three diets were tested: the first (control) diet
contained 10% SBM, the second diet contained 5% SBM and 4% silkworm
pupae meal, and the third diet contained 5% SBM and 4% mealworm lar-
vae meal. Rabbits fed diets supplemented with insect meals were charac-
terized by higher final body weights and higher daily body weight gains, as
well as higher apparent total tract digestibility of crude fat, acid detergent
fiber (ADF) and acid detergent lignin (ADL). Increased digesta viscosity,
a decrease in the extracellular activity of cecal bacterial enzymes
(a-glucosidase, f-glucosidase, a-arabinofuranosidase and pS-xylosidase)
and a decrease in the intracellular activity of f-glucuronidase were also
noted in experimental groups. The addition of insect meals to rabbit diets
enhanced the activity of N-acetyl-beta-D-glucosaminidase (an enzyme
involved in chitin degradation) in the cecal digesta. Rabbits fed mealworm
larvae meal had the lowest cecal concentrations of acetic acid, propionic
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acid, and total short-chain fatty acids. Animals receiving silkworm pupae
meal had a lower colonic concentration of isovaleric acid. The experiment
revealed that the dietary inclusion of insect meals at 4% improved rabbit
productivity, with no negative effect on nutrient digestibility.

In the work of GUGOLEK et al. (2021), rabbit diets were supplemented
with silkworm pupae meal to determine its effect on gastrointestinal func-
tion, nitrogen retention and selected blood parameters. Three groups of
rabbits were fed a diet containing 10% SBM, a diet containing 5% SBM
and 5% silkworm pupae meal, and a diet containing 10% silkworm pupae
meal, respectively. It was found that both nutrient digestibility and nitro-
gen retention decreased as the dietary inclusion level of silkworm pupae
meal increased. The analyzed additive significantly increased gastrointes-
tinal pH values. Rabbits receiving 10% silkworm pupae meal were charac-
terized by the highest weight of cecal tissue and digesta. Silkworm pupae
meal also contributed to a decrease in the activity of numerous bacterial
enzymes in the gut and to an increase in the activity of N-acetyl-8-D-glu-
cosaminidase. The total cecal concentration of volatile fatty acids was low-
est in rabbits fed a diet with 10% silkworm pupae meal. Blood analyses
revealed that the addition of silkworm pupae meal to rabbit diets increased
the plasma levels of albumins and urea. The authors concluded that rabbit
diets can be supplemented with silkworm pupae meal at up to 5% since its
higher inclusion rate may disturb gastrointestinal physiology.

Another study by KOWALSKA et al. (2021) aimed to evaluate the effect
of insect meals on the growth performance of rabbits. The composition of
three diets formulated in this experiment was identical to that described
by STRYCHALSKI et al. (2021). The study demonstrated that rabbits fed
diets supplemented with silkworm pupae and mealworm larvae meals had
higher final body weights, better carcass characteristics, and a higher
crude fat content of meat than control group animals. Therefore, insect
meals can be used as partial substitutes for SBM in diets for growing rab-
bits.

NOWAKOWICZ-DEBEK et al. (2021) focused on the effect of fermented
rapeseed meal on meat quality and gastrointestinal morphometry in rab-
bits. A control diet and experimental diets containing different propor-
tions of fermented rapeseed meal (4%, 8% and 12%) were formulated. The
addition of fermented rapeseed meal caused a significant increase in the
length of the cecum and the large intestine as well as in the weight of the
heart. The proximate chemical composition of rabbit meat was comparable
in all groups, excluding collagen content which increased in the longissi-
mus thoracis and longissimus lumborum muscles of animals fed diets sup-
plemented with fermented rapeseed meal. The collagen content of the
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biceps femoris muscle was highest in rabbits receiving 4% fermented rape-
seed meal, and lowest in those receiving 12% fermented rapeseed meal.
A decrease in the pH and water-holding capacity of the longissimus tho-
racis and longissimus lumborum muscles was also observed in animals fed
diets with the addition of fermented rapeseed meal. The values of the
above parameters did not decrease in the biceps femoris muscle. Changes
in meat color, including increased yellowness, were also noted in experi-
mental groups. The results of this study suggest that fermented rapeseed
meal can be fed to rabbits with no negative influence on the quality of their
meat.

WLAZLO et al. (2021) examined the effect of fermented rapeseed meal
on gut microbiota and the immune status of rabbits. The composition of
experimental diets was identical to that described by NOWAKOWICZ-DEBEK
et al. (2021). The counts of coliform bacteria, including Escherichia coli,
and Clostriduim perfringens decreased, whereas the counts of beneficial
lactic acid bacteria increased in the gastrointestinal tract of rabbits fed
diets with the addition of fermented rapeseed meal. Immunoglobulin lev-
els and the size of gut microbial populations increased with growing inclu-
sion rates of fermented rapeseed meal. The authors reported that fer-
mented rapeseed meal can be a valuable component of rabbit diets. It
exerted a beneficial influence on their gut microbiota and immune status,
thus contributing to reduced use of antibiotics in rabbit farming.

The results of studies conducted in Central Europe indicate that
SBM in rabbit diets can be completely or partially replaced with other
high-protein ingredients of plant and animal origin, such as oilseed meals,
legume seeds, DDGS and insect meals, applied alone or in combinations,
without compromising the growth rate or reproductive performance of
animals.
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