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Abstract

Rabbits are classified as obligate herbivores. However, under natural conditions, some members of the family Leporidae incorporate
animal products into their diets. Therefore, it seems biologically justified to supplement the diets of farmed rabbits with feeds of animal
origin as sources of protein, fat and minerals. The aim of this review was to describe, from a historical perspective, the use of various feeds
of animal origin in rabbit nutrition. The applicability of by-products from mammal, poultry, fish and invertebrate processing for rabbit
feeding was evaluated, including the future prospects for their use. A review of the available literature revealed that various animal-
based feeds can be valuable protein sources in rabbit diets, but their inclusion levels should not exceed 5-10%. Studies investigating
their efficacy have been conducted since the 1970s. In some regions of the world, the use of animal-derived protein in livestock feeds was
prohibited due to the risk of spreading bovine spongiform encephalopathy (BSE). However, the interest in animal by-products as protein
sources in livestock diets is likely to increase since the above ban has been lifted.
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Free-living European rabbits (Oryctolagus cunicu-
lus) and domestic rabbits (Oryctolagus cuniculus do-
mesticus) are classified as obligate herbivores. Under
natural conditions, their diets are composed of vari-
ous plant species, mostly grasses (Martins et al., 2002;
Martin et al., 2007). Rabbits raised extensively in small
backyard farms are fed green fodder and hay (Gugotek
et al., 2008; Daszkiewicz et al., 2012). However, there
is evidence to suggest that O. cuniculus and other rep-
resentatives of the family Leporidae such as cottontail
rabbits (Sylvilagus floridanus) and snowshoe hares
(Lepus americanus) incorporate animal products into
their diets (Smith, 1974; Bumann and Stauffer, 2002;
Gonzalez-Redondo and Zamora-Lozano, 2008; Clauss
et al., 2016; Peers et al., 2018). Neonatal cannibalism
has been observed among domestic rabbits, whereas
wild leporids feed on dead animal carcasses, which may
constitute a major source of food for snowshoe hares in
winter. There have been reports of rabbits consuming
snails and insects together with plant matter. However,
no scientific studies have proven this to be true. Euro-
pean hares (Lepus europaeus) have been found to gnaw
on the bones and antlers of different animal species,
which are rich sources of minerals, in particular calcium
(Landete-Castillejos et al., 2007). In view of the above,
it seems logical and biologically justified to supplement
the diets of farmed rabbits with small amounts of animal-
based products as sources of protein and minerals.

Efforts have been made to replace genetically modi-
fied soybean meal (GM-SBM) with other high-protein
plant-based feed components, including oilseed meals,
distiller’s dried grains with solubles and legume seeds
in modern rabbit farming (Gasmi-Boubaker et al., 2007,
Volek and Marounek, 2009; Chetminska and Kowalska,
2013; Alagén et al., 2014; Lounaouci-Ouyed et al., 2014;
Strychalski et al., 2014; Gugotek et al., 2015, 2017;
Zwolinski et al., 2017). Imported SBM is expensive, and
GM crops raise environmental and social concerns. The
use of GM components in animal feeds is also likely to
be banned in some regions of the world (Christiansen et
al., 2019; Jiang, 2020; Scheitrum et al., 2020).

Numerous attempts have been made to include an-
imal-based feed components such as meat, meat and
bone meal, bone meal, blood meal, hydrolyzed feather
meal, whey, sweet, dehydrated and skim milk, poultry
meal, hatchery by-products, fish meal, insect meal, oys-
ter shells and various animal fats in rabbit diets (Lebas,
2004). Such rations have been found to improve rabbit
performance. However, the use of animal protein in live-
stock diets has been banned in many countries, in par-
ticular in the European Union member states, to prevent
the spread of bovine spongiform encephalopathy (BSE)
(Regulation EC, 2002; Rodehutscord et al., 2002). Nev-
ertheless, studies investigating the efficacy of animal
by-products as feed components are still conducted in
Africa (Oladunjoye et al., 2013). Recent years have also
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witnessed a growing global interest in edible insects as
a source of protein in human and animal nutrition. Insect
farming is considered to be an economical and environ-
mentally sustainable method for producing high-quality
protein and other nutrients (Oonincx et al., 2010; Nijdam
etal., 2012).

The popularity of animal-based feed ingredients is
expected to increase due to the implementation of Com-
mission Regulation (EU) 2021/1372 of 17 August 2021
amending Annex IV to Regulation (EC) No. 999/2001 of
the European Parliament and of the Council as regards
the prohibition to feed non-ruminant farmed animals,
other than fur animals, with protein derived from ani-
mals.

The inclusion of feeds of animal origin in rabbit diets
still raises doubts despite their scientifically proven bene-
fits. This review article summarizes the existing literature
and available data on the use and efficacy of various ani-
mal-based feeds in rabbit nutrition, providing a historical
perspective and exploring future trends and prospects.
The applicability of by-products from mammal, poultry,
fish and invertebrate (in particular insect) processing for
rabbit feeding was evaluated, with a special emphasis
on sources of dietary protein and minerals. The role
of animal fats in rabbit nutrition has been described in
our previous review article (Gugotek and Kowalska,
2020).

Feeds of mammalian origin in rabbit nutrition

Feed ingredients of mammalian origin can be divided
into two groups. The first group includes by-products
from animal slaughter and carcass processing. The other
group comprises dairy products and their derivatives,
mainly milk and whey products, and casein. Bone meal,
used as a mineral supplement for livestock, can also be
derived from mammals as well as poultry and fish, there-
fore it was described in a separate subsection.

Feeds from the slaughter of mammalian animals and
carcass processing

Different mammalian by-products collected during
the slaughter process are used in meal production for ani-
mal feeding. This category includes carcass parts not in-
tended for human consumption, blood, inedible offal and
bones. Meal with low ash content is referred to as meat
meal, and meal with phosphorus content exceeding 4.5%
is referred to as meat and bone meal. Apart from typi-
cal meat and bone meal, meal can also be produced from
blood, hydrolyzed feathers and the ruminal contents. Ac-
cording to Hendriks et al. (2002), meat and bone meal is
a rich source of protein and minerals in livestock diets,
contributing to their protein and mineral content, and en-
ergy density.

In studies conducted by Newburgh and Squier (1920)
and Newburgh and Clarkson (1923), rabbits were fed di-
ets containing 33% and 27% dried lean beef, and wheat
flour constituted the remaining portion of the feed ration.
However, the aim of the cited studies was to induce ex-

perimental atherosclerosis, and not to analyze the effect
of experimental diets on rabbit performance.

In the 1970s, Verita and Orlandi (1977) described
feeding meat meal to growing rabbits. In a study by
Niedzwiadek and Kawinska (1981), meat and bone meal
was fed to control group rabbits, which indicates that this
component was commonly used at that time. In the diet
of experimental group rabbits, meat and bone meal was
replaced with krill meal. This experiment is described in
more detail in the “Invertebrates as feed for rabbits” sub-
section.

Sahu and Prasad (1990) fed pellets supplemented
with fish meal (described in the “Fish meal in rabbit nu-
trition” section), 5% or 10% meat meal or 5% or 10%
blood meal to chinchilla rabbits and found that both meat
meal and blood meal can be included in pelleted diets at
up to 10%.

Rabbit diets were more often supplemented with
blood meal or blood meal combined with other ingredi-
ents than with meat meal or meat and bone meal. Blood
is collected during the slaughter of different livestock
species such as cattle, pigs and chickens. Generally, it
is dried and turned into blood meal to facilitate handling
and incorporation into animal diets. Fresh blood, hemo-
globin and blood plasma can also be used as feed prod-
ucts. Blood meal is a rich source of protein, and it can be
added to diets based on cereal grain, plant by-products
and green forage. Blood meal can be an effective sub-
stitute for other protein sources in diets for dairy cattle,
beef cattle, sheep, pigs, poultry, various fish species and
silkworms (Batterham et al., 1986). Fanimo et al. (2002)
compared the utilization of five animal protein concen-
trates (blood meal, fish meal, shrimp meal, hatchery by-
product meal and poultry by-product meal) by rabbits and
found that the animals receiving blood meal were char-
acterized by the lowest feed intake, live weight gain and
feed efficiency. Ojebiyi et al. (2006) evaluated the effect
of diets supplemented with graded levels of sun-dried
cassava peel-blood meal on the growth performance and
organ characteristics of weaner rabbits. In turn, Adeniji
(2012) investigated the efficacy of blood vegetable waste
meal (BVWM) as a substitute for groundnut cake in
the diets of weaner rabbits. They concluded that dietary
groundnut cake can be effectively replaced with BVWM
at up to 45%. It should also be noted that in the experi-
ment performed by Oladunjoye et al. (2014), blood meal
was not an experimental factor, but a feed component in-
cluded in rabbit diets at a constant level of 1-2%, and the
study investigated whether baobab seed meal could be
fed to growing rabbits. In a study by Trung et al. (2017),
blood meal as well as feather meal and fish meal were
experimental factors. However, blood meal did not have
a clear positive effect on the growth rate of Californian
rabbits or carcass quality.

Numerous authors have analyzed the efficacy of bo-
vine rumen, in different forms and combinations, in rab-
bit nutrition. Togun et al. (2009) demonstrated that the
crude protein content of rumen-based diets can exceed
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30%. Oladunjoye et al. (2013) found that cattle rumen
epithelial tissue scrapings meal can effectively replace
80% of fish meal in diets for growing rabbits. Dried bo-
vine rumen digesta has been most extensively researched.
It remains debatable whether ruminal digesta can be
regarded as feed of animal origin, but it often contains
fragments of animal tissue, and therefore was classified
into this category by Lebas (2004). This by-product of
the slaughter process can be an inexpensive and locally
available alternative feedstuff for livestock. The potential
uses of bovine rumen digesta, alone and in combinations
with other components (mainly blood) of rabbit diets, are

Not only bovine rumen was fed to rabbits. Moham-
med et al. (2005) analyzed the performance of growing
rabbits that received diets with graded levels of goat ru-
men contents. In another study, the above research team
compared the nutrient composition, amino acid profile
and microbial assays of fresh and dried cattle, camel,
sheep and goat rumen contents (Mohammed et al., 2008).
In a subsequent experiment, Mohammed et al. (2011 a)
investigated the performance of growing rabbits fed diets
with graded levels of goat blood-rumen content meal and
found that the goat blood-rumen content mixture could
be incorporated into rabbit diets at up to 40% without

presented in Table 1.

compromising their performance.

Table 1. Studies investigating bovine rumen content and its mixtures with other feed components in rabbit diets

Feed component* Dietary inclusion

Aim of dietary supplementation**

Authors

level (%)
Dry sediment of rumen liquor 10-20; High-protein source for growing and mature rabbits El-Adawy (1997)
15-20
Rumen content and blood rumen 10-30 Replacement of groundnut cake protein and evaluation Dairo et al. (2005)
content mixture of the effect of dietary supplementation on growing rab-
bit performance
Mixture of rumen content and 10-20 Replacement of maize and evaluation of the effect of Togun et al. (2009)
blood meal dietary supplementation on growing rabbit performance
Sun-dried rumen content 10-40 Evaluation of the effect of dietary supplementation on Okpanachi et al. (2010)
the growth performance and hematological response of
growing rabbits
Blood-rumen content mixture 10-40 Evaluation of the effect of dietary supplementation on Mohammed et al. (2011 b)
the growth and economic performance of rabbits
Blood-rumen content mixture 10-40 Evaluation of the effect of dietary supplementation on Mohammed et al. (2012)
hematological and serum biochemical indices in grow-
ing rabbits
Spice-treated blood-rumen con- 20 Evaluation of the effect of dietary supplementation on Nnenna and Kanayo (2013)
tent mixtures the productive performance and production economics
of weaned rabbits
Dried rumen digesta 7.4-35.7 Evaluation of the effect of dietary supplementation on Alemede et al. (2014)
the reproductive performance of breeding rabbits
Rumen content-blood meal 10-20 Replacement of palm kernel cake and groundnut cake Ojebiyi and Saliu (2014)
mixtures and evaluation of the effect of dietary supplementa-
tion on the performance and slaughter characteristics of
growing rabbits
Rumen content supplemented 4.5-9 Replacement of groundnut cake in growing rabbit diets ~ Adeniji et al. (2015)
with enzyme
Rumen liquor fermented cassava 11-43 Replacement of maize and evaluation of the effect of Oloruntola et al. (2016)
peels dietary supplementation on the performance and health
status of growing rabbits
Dried rumen digesta 12.5-25 Replacement of maize and evaluation of the effect of di- Oluwafemi and Iliyasu
etary supplementation on the hematological parameters (2016)
of growing rabbits
Enzyme supplemented dried 6-12 Replacement of maize in growing rabbit diets Oluwafemi and Adeiza
rumen digesta (2017)
Yeast-treated blood- rumen 10-40 Replacement of maize in growing rabbit diets Mbahi et al. (2018)
content mixture
Rumen liquor with poultry waste 32-43 Replacement of maize in growing rabbit diets Oloruntola (2018)
fermented cassava peels
Enzyme-supplemented rumen 1040 Replacement of groundnut cake in growing rabbit diets ~ Wafar et al. (2019 ¢)

digesta and blood meal mixture

*names of feed components as in the cited sources.

**aim of dietary supplementation as in the cited sources.
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Rabbit diets were also supplemented with leather
hydrolysates, which were used as a substitute for meat
meal at 4% (Verita and Orlandi, 1977). In a study by
Furlan et al. (1997), SBM was replaced by 25%, 50%,
75% and 100% protein hydrolyzed cattle hide scrap
meal (PHCHSM) in diets for growing rabbits to deter-
mine its effect on their performance and carcass yield.
A regression analysis revealed a linear decrease in daily
weight gain, daily feed intake, carcass weight and yield
in response to the higher levels of PHCHSM, whereas
PHCHSM at up to 50% had no influence on weight gain,
feed intake or carcass weight, which indicates that 50% is
the maximum replacement level of SBM with PHCHSM.

It should be noted that rabbit droppings were also
used as feed. In a study by Swick et al. (1978), dried
rabbit manure was fed to rabbits, whereas Fekete (1985)
used rabbit feces as almost the only feed for rabbits.
However, according to Castillo-Rodriguez et al. (2007),
such diets pose considerable sanitary risk and therefore
cannot be recommended.

Feeds from dairy by-products

Major by-products of the dairy industry fed to ani-
mals, including rabbits, are skim milk and dried whey.
They contain highly digestible proteins with high bio-
logical value, and are a rich source of water-soluble vi-
tamins. Whey contains also lactic acid that supports gas-
trointestinal function (Schingoethe, 1976; Shiratsuchi et
al., 1994). Casein was also included in rabbit diets, but
often as a non-feed ingredient, which was described in
the second part of this subsection.

Milk and whey products

Newburgh and Squier (1920) administered a mix-
ture of milk, carrots and casein to induce arteriosclerosis
in rabbits. The effect of feed ingredients derived from
milk on rabbit performance has been studied since the
1970s. Halga (1974) added 5% dried skim milk to di-
ets for growing rabbits, whereas Akuzawa et al. (1978)
described hand-rearing of rabbits with rabbit milk and
commercial milk powder for dogs and cats.

In the studies described below, Streptococcus faeci-
um cultures were used as probiotics. In the experiment
performed by Masoero et al. (1980 a), rabbits received
dried whey that constituted 2.5% to 5% of the diet, with
or without lyophilized Streptococcus faecium cells. The
cited authors demonstrated that the addition of 5% dried
whey increased mortality rates and decreased feed con-
version in rabbits aged 28-70 days, relative to the con-
trol diet. In their subsequent study, Masoero et al. (1980
b) evaluated the efficacy of lactic acid bacteria in rab-
bit diets supplemented with dried whey. In a study by
Caroppo et al. (1980), Streptococcus faecium was cul-
tured on whey or soybean/casein peptones, yeast extract
and lactose, spray-dried and added to basal rabbit diets.
The rabbits received also 1.5 ml of yoghurt mixed with
drinking water, per day per head. The study revealed that
dried S. faecium fed to young rabbits reduced their mor-

tality rates, improved feed conversion efficiency and had
a beneficial influence on their growth performance. Yo-
ghurt also exerted a positive effect on the studied param-
eters in rabbits. Interactions between dietary and endog-
enous intestinal bacteria were also analyzed in the cited
study. In their subsequent study, Masoero et al. (1982)
continued their research into dried whey-supplemented
rabbit diets. The control diet contained barley, and in
eight experimental diets, barley was partially replaced
with 2.5% or 5% dried whey, 3.2% or 6.4% hydrolyzed
condensed whey, or 0.5 x 10° or 1.0 x 10° viable cells of
S. faecium/g, with or without 5% dried whey.

Beynen et al. (1983 a) analyzed the effect of milk
replacers containing skim milk powder or soybean pro-
tein concentrate on serum cholesterol levels in rabbits
and calves. In another experiment performed by Colina
and Coppings (1989), rabbits received fresh liquid sweet
whey. This is one of very few cases where rabbits were
fed liquid whey and milk, which is possible only in ex-
tensive production systems.

Blas et al. (1990) administered diets containing bar-
ley, bran and alfalfa hay, with or without 15% skim milk,
to young rabbits and found no significant differences in
body weight gain, feed intake or milk intake between
groups. According to the above authors, milk should not
be included in starter diets for rabbits because it does not
improve performance. In a study by Coppings and Ekha-
tor (1990), dried whey (0, 5, 10 or 20%) was incorporat-
ed into isonitrogenous pelleted diets for growing rabbits.
The animals administered dried whey were characterized
by lower feed intake, but higher final body weights, high-
er daily gains and more desirable feed:gain ratios in com-
parison with the control group. The diet did not affect
carcass yield, liver and heart weights, whereas whey-fed
rabbits had heavier kidneys, higher abdominal fat content
and higher mortality rates, but the noted differences were
not significant. In a similar trial that involved 43-day-
old rabbits, no significant differences were observed be-
tween whey-fed and control animals. It was concluded
that dried whey could improve the growth performance
of rabbits, but their responses varied with age.

Lovati et al. (1990) analyzed isonitrogenous purified
diets containing different animal protein sources, includ-
ing milk-whey protein, and concluded that they induced
hypercholesterolemia in rabbits, but the underlying
mechanisms were different. Aggarwal and Kansal (1991)
added 16% dried skim milk to rabbit diets to determine
its effect on plasma cholesterol levels. In a follow-up
study, Aggarwal and Kansal (1992) investigated the ef-
fect of skim milk on the progression of atherosclerosis in
cholesterol-fed rabbits.

Research into the efficacy of milk-derived products
in rabbit nutrition was also conducted in the 21st century.
Lyu et al. (2013) determined the effect of whey powder
on the growth performance, antioxidant status and im-
mune function of weanling laboratory rabbits. The study
revealed that the optimal level of supplemental whey
powder was 5%. In turn, Hassan et al. (2014) evaluated
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the influence of acid whey on rabbit performance. Fresh
acid whey was mixed with drinking water at 0, 100, 150,
200 and 250 ml. Body weight gain, feed intake and feed
efficiency were significantly lower in rabbits receiving
acid whey, which indicates that this feed additive had
a significant negative effect on the growth performance
of rabbits at 4 to 8 weeks of age.

Kishawy et al. (2018) evaluated the influence of die-
tary supplementation with graded levels of whey powder
and citric acid, and reported that 22.5 g/kg whey powder
contributed to the highest final body weights and body
weight gain, the most favorable feed conversion ratio,
the highest protein efficiency, relative growth rate, and
dressed weight in growing rabbits. Optimal digestion
coefficients were associated with 15 g/kg and 22.5 g/kg
whey powder. Rabbits fed diets supplemented with citric
acid, alone or in combination with whey powder, were
characterized by significantly lower intestinal pH val-
ues than control group animals. The dietary addition of
15 g/kg and 22.5 g/kg whey powder resulted in a higher
content of protein and ash in thigh muscles, relative to
the control group and the group with a lower inclusion
level of whey powder. The calcium content of the fe-
mur was higher in the group fed the diet with the highest
whey powder content. The condition of the small intes-
tinal wall improved in the groups receiving 15 g/kg and
22.5 g/kg whey powder, including the highest increase
in the size of intestinal villi and glands, and the number
of goblet cells. The cited authors concluded that the ad-
dition of whey powder at 1.5% and 2.25% to diets for
growing rabbits improved their growth performance and
nutrient digestibility, increased the crude protein content
of thigh muscles, and improved gut health; the optimal
inclusion level of whey powder was 2.25%. The addition
of citric acid had no beneficial influence on the above
parameters.

Ribeiro et al. (2019) evaluated the functional proper-
ties of symbiotic yoghurt fed to rabbits. The study con-
firmed the bifidogenic capacity of Jerusalem artichoke
(Helianthus tuberosus) flour as a prebiotic ingredient in
yoghurt, which modulated gut microbiota and delivered
health benefits, including a significant decrease in cho-
lesterol and glucose levels in rabbits, as evidenced by an
analysis of serological and microbiological parameters.

Casein

Casein is the principal protein found in milk, and it
accounts for more than 70% of total milk proteins. It
forms micelles with calcium and phosphorus. Until the
1960s, casein was primarily used in nonfood (technical)
applications, including adhesives for wood, paper coat-
ing, leather finishing, synthetic fibers and plastics. In the
last few decades, casein has found numerous applica-
tions in the food industry such as enhancing the physical
properties of food products (whipping, foaming, water-
binding, thickening), improving their emulsifying capac-
ity and texture. Casein also increases the nutritional value
of foods (Sarode et al., 2016).

Spreadbury (1978) fed casein to New Zealand White
rabbits in a study investigating their protein and amino
acid requirements. Oat-based diets were supplemented
with maize gluten, gelatin, groundnut meal, SBM, fish
meal and casein. Kuyvenhoven et al. (1989) analyzed
the digestibility of casein, formaldehyde-treated casein
and soybean protein, and their effects on serum choles-
terol levels in rabbits. They demonstrated that cholesterol
concentrations in the blood serum and livers of rabbits
increased in response to casein and formaldehyde-treat-
ed-casein diets. Fecal bile acid excretion and concentra-
tion were lower in rabbits receiving casein and formal-
dehyde-treated casein than in those fed soybean protein.
Apparent nitrogen digestibility was lowest in rabbits fed
formaldehyde-treated casein, and highest in those fed ca-
sein. It appears that protein digestibility is not a reliable
indicator of serum cholesterol levels in rabbits.

Canzi et al. (2000) evaluated the modulation of the
intestinal ecosystem by lactic acid bacteria and plasma
cholesterol levels in rabbits fed casein diets. A microbio-
logical analysis revealed that the diets had a significant
effect on the growth and activity of various bacterial
species in the intestinal ecosystem, and that lactic acid
bacteria contributed to restoring intestinal microbial bal-
ance. Aribi et al. (2010) determined the effects of casein
and an adapted-milk formula on the proliferation of lym-
phocytes, mid-cells and granulocytes and on circulating
lipids in rabbits. The cited authors found that casein and
the adapted-milk formula enhanced the activity of phago-
cytes, eosinophils and basophils, and inhibited lympho-
cyte proliferation. Moreover, the adapted-milk formula
contributed to preventing overweight and childhood obe-
sity, whereas high concentrations of milk casein could be
an atherogenic risk factor.

In other experiments involving rabbits, casein was
used as an agent inducing pathological states (hyper-
cholesterolemia, atherosclerosis) rather than as a dictary
component or an experimental factor. Many of those ex-
periments relied on biological and biochemical analyses,
and not feeding trials. The most important studies of the
type are presented in Table 2.

It can be concluded that meat meal, meat and bone meal
and other mammalian slaughter by-products are valuable
feed additives that increase the protein content of rabbit di-
ets. They had been included in commercial diets since the
1970s, but their use was discontinued in many countries
due to the risk of BSE. The optimal inclusion level of mam-
malian by-products in rabbit diets is 5%, although some
authors recommended higher rates. The interest in feeds of
mammalian origin and other animal by-products is likely to
increase since the ban on their use has been lifted.

Milk by-products are also rich sources of dietary pro-
tein for rabbits. Due to their desirable amino acid compo-
sition, they contribute to improving the performance and
overall health status of rabbits. They can be combined
with probiotics and prebiotics, and their optimal inclu-
sion level is 2-2.5% of the ration. Casein is usually ad-
ministered to rabbits for non-dietary purposes.
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Table 2. Studies investigating casein-supplemented rabbit diets

Aim of casein supplementation Authors
Inducing arteriosclerosis in rabbits Newburgh and Clarkson
(1922)
Analysis of the distribution of cholesterol between serum lipoprotein fractions in rabbits fed semi-purified diets ~ Beynen and West (1981)

containing casein and either coconut oil or corn oil

Development of hypercholesterolemia in rabbits fed semi-purified diets containing casein or soybean protein

Evaluation of the effect of cholestyramine on low-density lipoprotein binding sites on liver membranes in rabbits
with endogenous hypercholesterolemia induced by a wheat starch-casein diet

Inducing hypercholesterolemia in rabbits

Evaluation of the effect of replacing dietary soybean protein with casein on the fecal excretion of neutral steroids
in rabbits

Analysis of the regulation of hepatic receptor-dependent degradation of LDL by mevinolin in rabbits with hyper-
cholesterolemia induced by a wheat starch-casein diet

Treatment of dietary casein with formaldehyde to reduce its hypercholesterolemic effects
Analysis of the correlation between casein-induced hypercholesterolemia and dietary calcium levels

Analysis of the secretion of cholesteryl-ester-rich lipoproteins by perfused liver in rabbits fed a wheat-starch-
casein diet

Evaluation of the effect of soybean protein and casein on pre-established atherosclerosis
Analysis of the turnover of apolipoprotein B in rabbits fed diets containing casein or soybean protein

Evaluation of the effects of dietary casein and soybean protein on the metabolism of radiolabeled low-density
apolipoprotein B

A comparison of the hypocholesterolemic effects of dietary soybean protein and formaldehyde-treated casein
Evaluation of the effect of casein on feed intake and cholesterol metabolism in rabbits

Evaluation of the effects of different dietary animal proteins, including casein and whey, on cholesterol metabo-
lism

Analysis of the turnover of intermediate-density lipoprotein-apolipoprotein B in rabbits fed semi-purified diets
containing casein or soybean protein

Analysis of the relationship between LDL catabolism in casein-fed rabbits and increasing plasma cholesterol
levels

Analysis of the comparative effects of HMG-CoA reductase inhibitors on apo B production in the casein-fed

Terpstra and Sanchez-Muniz
(1981)

Chao et al. (1982)

Beynen et al. (1983 a)
Beynen et al. (1983 b)

Chao et al. (1983)

West et al. (1984)
Van der Meer et al. (1985)
Chao et al. (1986)

Kritchevsky et al. (1988)
Khosla et al. (1989)
Samman et al. (1989)

West et al. (1989)

Bergeron and Jacques (1990)

Lovati et al. (1990)

Samman et al. (1990)

Khosla et al. (1991)

Auerbach et al. (1995)

rabbit

Feeds of poultry origin in rabbit nutrition

Feeds of poultry origin include meat meal, blood
meal, feather meal, hatchery waste and eggs, and they
are valuable components of animal diets. The use of vari-
ous poultry by-products in rabbit nutrition is described
below.

Feeds from the processing and slaughter of poultry

Poultry meal consists of milled, rendered and cleaned
parts of the carcasses of slaughtered birds, i.e. inedible
tissues such as the head, neck, feet, undeveloped eggs,
intestines and skeletal frames following muscle remov-
al. Poultry meal is a rich source of protein as its protein
content ranges from 55% to 74%. It also contains fat
(10-19%) and ash (11-23%) (Dong et al., 1993; Don-
adelli et al., 2019). Poultry meal is widely used as feed
for aquaculture and companion animals. However, the
amino acid composition of poultry meal is less desirable
than that of fish meal (Nengas et al., 1999). Fanimo et
al. (2002) compared poultry meal and other animal by-
products in rabbit nutrition. Their work is described in
more detail in subsequent subsections.

Ekpenyong and Biobaku (1986) analyzed the growth
response of rabbits to dried poultry waste. A more ad-
vanced study was conducted by Fotso et al. (2000) who
evaluated the nutritional value of four different protein
sources, including chicken offal meal, in diets for grow-
ing rabbits raised in Cameroon. They found that rabbits
fed chicken offal as the main dietary protein source were
characterized by higher feed intake and a significantly
higher growth rate than those receiving vegetable pro-
tein sources (cassava leaf meal and cottonseed meal). An
analysis of the cost per kg meat, calculated based on feed
cost, revealed that the diet containing chicken offal meal
was most cost-effective, followed by that containing cot-
tonseed meal and cassava meal.

Ahlawat et al. (2001) analyzed poultry viscera meal
as a potential substitute for fish meal at 5% and 8% in
feed pellets for broiler rabbits. The study demonstrated
that carcass yield (%) and the weight of total edible offal
were significantly higher, and chilling loss was signifi-
cantly lower, in the group receiving 8% poultry viscera
meal than in the control group. The yield of inedible offal
(blood, skin, hind feet and lungs) was also significant-
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ly higher in the experimental group than in the control
group. The cited authors concluded that poultry viscera
meal can be included in rabbit diets as a safe and ef-
fective substitute for fish meal. In a follow-up study by
Ahlawat et al. (2003), poultry viscera meal was added to
Angora rabbit diets to replace fish meal at 5% and 8%
and to determine its effect on wool traits. It was found
that wool yield per shear (g) and fiber length (cm) were
significantly higher in the group receiving poultry vis-
cera meal than in the control fish meal group. Other wool
quality attributes (moisture percent, moisture regain, ash
content, fiber diameter, fiber strength, specific gravity
and pH) were not significantly affected by the dietary
treatment. The results of the study indicated that poultry
viscera meal had a beneficial influence on wool produc-
tion and therefore could be safely included in Angora
rabbit diets.

Feather meal is a by-product of poultry processing.
It consists of poultry feathers that are partially ground
under high heat and pressure, and then ground again and
dried. Although feather meal has relatively high total ni-
trogen content (up to 12%), nitrogen bioavailability from
this feed is low. Feather meal is fed to different livestock
species (Moritz and Latshaw, 2001).

Hydrolyzed feather meal was also tested as a poten-
tial ingredient of rabbit diets. Fekete and Hegedus (1986)
reported that enzymatically digested feather meal, used
as a substitute for SBM at 30% of the diet, had a positive
effect on growing rabbits. Ayanwale (2006) also evalu-
ated hydrolyzed feather meal as a protein source in rabbit
diets. Four types of feeds containing 0.0, 5.0, 10.0 and
15.0% feather meal were formulated. The study revealed
that feather meal improved rabbit performance at a di-
etary inclusion level of up to 15%.

The objective of the experiment performed by Tri-
go et al. (2012) was to evaluate the effects of alterna-
tive dietary protein sources, namely meat meal and hy-
drolyzed feather meal, and two levels of crude protein,
17 and 14%, on performance and carcass quality traits
in growing rabbits. The cited authors found that dietary
protein sources significantly affected dry matter intake and
feed cost per rabbit. Performance traits were generally not
affected by the inclusion of hydrolyzed feather meal in the
diet, but the expected economic results were not achieved
due to higher feed intake levels. Therefore, the inclusion
of feather meal in the diet appears to be the subject of the
cost of this by-product. Performance traits were affected by
a lower percentage of protein in the diet, although the cost
of feed ingredients in the protein-restricted diets was lower.

In a study of Californian rabbits conducted by Trung
et al. (2017), feather meal was one of experimental fac-
tors, together with fish meal and blood meal. Feather
meal in the amount of 14.9 g per day had no clear posi-
tive effect on rabbit performance.

Feeds from hatchery waste
Hatchery waste meal is obtained from the processing
of poultry hatchery waste such as the shells of hatched

eggs, infertile eggs, dead embryos, and dead or culled
chicks (Al-Harthi et al., 2010).

Handa et al. (1996) fed extruded hatchery waste to
growing Soviet Chinchilla rabbits at 6% of the feed ra-
tion. The hatchery waste included infertile eggs, empty
shells, dead embryos in shells, weak and culled chicks,
and day-old male chicks of layer breeds. Extruded hatch-
ery waste contained more than 45% crude protein. The
analyzed feed components did not compromise carcass
quality, and low cost was their main advantage.

Hatchery by-product meal was also fed to weaner rab-
bits in the aforementioned work of Fanimo et al. (2002),
where it contributed to lower feed intake and feed effi-
ciency than fish meal.

In a study by Isaac et al. (2007), weaned rabbits were
fed grower mash diets supplemented with hatchery waste
meal at 0, 15, 25 and 45%. The animals were randomly
allocated to five dietary treatments with four replicates
per treatment to assess their performance. Grower mash
without hatchery waste meal was the control diet (0%),
and the inclusion levels of hatchery waste meal were de-
termined based on 100 g that was given to the control
group. Significant differences were found between treat-
ments. According to the cited authors, hatchery waste
meal has a great potential to support production and
therefore it can be used as an ingredient of rabbit diets.

Another interesting study investigating hatchery
waste was conducted by Ojebiyi et al. (2014) who ana-
lyzed the synergistic effects of hatchery by-products and
cassava peel meal mixtures on the performance of cross-
bred growing rabbits. They found that hatchery waste
and cassava peel meal can be included in diets for young
rabbits at up to 15%, but the highest return can be ex-
pected at the inclusion rate of 10%.

Eggs

Eggs, egg components and by-products can also be
incorporated to rabbit diets. Lovati et al. (1990) analyzed
dietary animal proteins, including ovalbumin, and cho-
lesterol metabolism in rabbits. Chicken egg yolk powder
was also added to rabbit diets, usually to induce athero-
sclerosis. For instance, Jezierski and Konecka (1994) ad-
ministered 130 g of feed pellets mixed with one egg yolk
to young rabbits. Moderate atherosclerosis was induced
to determine the role of behavioral and emotional factors
in diet-induced atherosclerosis in rabbits. Egg yolk had
no significant effect on total plasma cholesterol levels.
None of experimental or control group rabbits developed
visible atherosclerosis. In another experiment by Ko-
necka et al. (1996), experimental group rabbits were fed
150 g standard pelleted feed daily mixed with one egg
yolk and 1.5 g cholesterol.

Srilatha et al. (1997) investigated the effects of feed-
ing egg yolk on serum lipid concentrations in rabbits.
The experimental diet had a significant influence on se-
rum cholesterol levels which increased 15- to 30-fold,
relative to the baseline value, depending on whether ex-
perimental rabbits consumed the yolk of one or two eggs
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during the study. Considerable changes in low-density
lipoprotein cholesterol levels were noted in experimental
animals, which indicates that this method can be used for
detecting the first signs of atherosclerosis in humans. The
above study also provided direct evidence for the harm-
ful effect of hen’s egg yolk on serum cholesterol levels in
an easily reproducible animal model.

Xing et al. (2009) used egg yolks, added at 15% to
experimental diets, to examine the lipid profile of hyper-
lipidemic rabbits.

The effects of chicken and ostrich eggshells on bone
formation in rabbits were evaluated in veterinary stud-
ies by Durmus et al. (2003, 2008), Alemi et al. (2019),
Anashar and Daoud (2019), and Alhussary et al. (2020).
The research findings suggest that eggshells supported
bone growth and contributed to preventing bone defects,
in particular with regard to the mandible.

Poultry manure and litter

Coach (1974) evaluated poultry manure as a potential
ingredient of livestock diets. The author reported on the
adverse effects of dried poultry manure addition exceed-
ing 15% of the diet, resulting from the increasing levels
of uric acid which is not utilized and therefore can be
toxic to animals.

The first study investigating the efficacy of poultry
litter in rabbit nutrition was conducted by Auxilla et al.
(1982) who observed no significant differences in feed
conversion efficiency between rabbits fed 8.0-25.0%
poultry litter and control group animals. The use of poul-
try droppings in fattening rabbits was evaluated by Mar-
tina et al. (1987).

In turn, Mokhtar et al. (2002) analyzed the use of
dried pigeon droppings in rabbit nutrition and concluded
that pigeon manure can be included in rabbit diets at up
to 12% with positive results and without compromising
body gain, feed conversion or economic efficiency.

Onimisi and Omage (2006) evaluated poultry litter as
a feedstuff for growing rabbits and found that poultry lit-
ter could replace up to 32% of maize and soybeans in the
diets without negative effects on growth performance.

Poultry manure in rabbit diets was thoroughly inves-
tigated by Abdel-Azeem et al. (2007) who compared the
efficacy of dried broiler manure and dried layer manure,
supplemented with a Chinese commercial preparation
containing garlic extract, hydrolytic enzymes, Bacillus
subtilis cultures and ginseng extract. The study revealed
that rabbits fed 10% dried broiler manure had significant-
ly higher final body weights and daily gain; intermedi-
ate values of these parameters were noted in the control
group, whereas the lowest values were observed in rab-
bits receiving 15% dried layer manure. The commercial
preparation added at 2.5 g/kg of the diet led to a signifi-
cant improvement in body weights, feed conversion ra-
tio, the digestibility coefficients of dry matter, crude pro-
tein and crude fiber. It also contributed to a decrease in
plasma globulin, total cholesterol, glutamic oxaloacetic
transaminase (GOT) and urea concentrations, compared

with non-supplemented basal diets. The addition of the
tested preparation had no significant influence on car-
cass traits, plasma total protein, albumin, total lipids and
phosphorous levels or economic efficiency. Thus, broiler
manure and layer manure supplemented with the ana-
lyzed preparation can be used as feed additives in grow-
ing rabbits.

In a study conducted in Nigeria, Ogunsipe (2011)
evaluated the effect of layer litter on the performance of
growing rabbits and microbial diversity in their feces.
The experiment had a completely randomized design,
and weaned rabbits were randomly allocated to four di-
etary treatments (0, 10, 20 and 30% of layer litter). Per-
formance parameters were most satisfactory, including
the highest weight gain, in rabbits fed the diet containing
20% of layer litter. No significant differences in weight
gain were found between rabbits fed the reference diet
and the diet with 10% of layer litter, or between those
fed diets with 20% and 30% of layer litter. An analysis of
relative organ weights revealed that only the weights of
the liver and kidneys were not significantly affected by
the dietary inclusion of layer litter. The number of bacte-
rial isolates from rabbit feces was minimal, and bacterial
concentrations had no adverse effects of on the health
status of the animals, as no mortality cases were recorded
throughout the experiment. Some of the bacterial isolates
were highly sensitive to antibiotics (ciprofloxacin, gen-
tamycin and ofloxacin). According to the cited authors,
layer litter can replace up to 30% of maize without any
negative effects on growth performance, carcass cuts, or-
gan weights and the overall health status of rabbits.

In a subsequent study, Ogunsipe (2014) assessed the
effect of poultry litter with and without exogenous en-
zyme (nutrase xylase) supplementation on the growth
performance, nutrient digestibility and economy of rab-
bit production. An analysis of the chemical composition
of diets revealed an improvement in the nutrient status
of enzyme-supplemented diets relative to non-supple-
mented diets. The higher nutrient density of enzyme-sup-
plemented diets was reflected in the higher weight gain
of rabbits, compared with the animals fed non-supple-
mented diets, except for the 40% poultry litter treatment
where no significant differences were found between
rabbits fed enzyme-supplemented and non-supplemented
diets. Apparent nutrient digestibility was higher in rab-
bits fed enzyme-supplemented diets than in those receiv-
ing non-supplemented diets at 0 to 20% and 30 to 40%
poultry litter inclusion levels. An analysis of production
economics showed that enzyme supplementation stead-
ily decreased the cost of feed N/kg weight gain up to the
inclusion rate of 30% poultry litter.

In experiments performed by Oloruntola et al. (2016)
and Oloruntola (2018), rabbits were fed rumen liquor
with poultry waste fermented cassava peels. Sun-dried
layer droppings were mixed with ground cassava peels.
In these experiments, the main factor was rumen liquor
fermented cassava peels, which is why the findings were
described in a previous subsection (Table 1).
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Sayed (2019) evaluated dried poultry droppings as
a feed ingredient of rabbit diets, including their influ-
ence on growth performance, nutrient digestibility, car-
cass characteristics and blood biochemical parameters.
Significantly differences in urea concentration were ob-
served between rabbits fed a diet containing 15% dried
poultry droppings and those fed the control diet. In turn,
carcass dressing percentage and the weight percentages
of the liver, kidneys, heart and lungs were similar in rab-
bits fed dried poultry droppings and control animals. In
conclusion, dried poultry droppings can be included at up
to 100 g/kg in rabbit diets with no adverse effects on their
health or performance. Additional advantages include
lower feed cost and lower pollution levels.

The efficacy of poultry meal as a source of nutrients
in rabbit diets has been tested since the second half of the
20th century. A review of the relevant literature, provid-
ed above, shows that various poultry by-products can be
valuable sources of dietary protein for rabbits, although
their chemical composition can vary widely. Poultry ma-
nure and litter have been analyzed as cheap alternative
feeds mainly in developing countries. The recommended
inclusion level of poultry by-products is 6—8%, although
some authors applied even 15% with no negative effects.
Chicken eggs and egg by-products were added to rabbit
diets mostly as part of biological trials.

Fish meal in rabbit nutrition

In a review article on rabbit nutrition, Lebas (2004)
reported that fish meal is a nutrient-dense feedstuff for
rabbits because it has high energy value per unit weight,
and contains high-quality protein and readily digestible
essential amino acids and fatty acids. Numerous studies
have shown that fish meal contributes to improving the
growth and performance of various animal species (Ko-
rver and Klasing, 1997; Cho and Kim, 2010). However,
fish meal is expensive, which limits its wide use in ani-
mal diets. It is often replaced with cheaper high-protein
feeds such as blood meal, extruded hatchery waste, meat
meal and poultry viscera meal (Lebas, 2004). The most
important studies investigating the efficacy of fish meal
in rabbit nutrition are presented below.

Spreadbury (1978) analyzed the protein and amino
acid requirements of growing rabbits. In the cited study,
protein supplied by oats was supplemented with maize
gluten, gelatin, groundnut meal, casein, SBM or fish
meal. Amino acid balance in dietary protein was found
to be an important consideration, and the dietary addi-
tion of both lysine and methionine improved the growth
rates of rabbits. The minimum requirements for normal
growth were estimated at 6.2 g methionine+cystine and
9.4 g lysine/kg of the diet.

Fish meal substitutes in rabbits have also been exten-
sively researched. Omole and Sonaiya (1981) observed
that rabbits were characterized by higher growth rates
when fish meal rather than groundnut meal was applied
as a protein supplement in diets containing cassava peel
meal, pointing to the poor quality of cassava protein.

Niedzwiadek and Kawinska (1981) replaced fish meal
with krill meal — this study is described in more detail in
the subsequent subsection.

As already mentioned, Lovati et al. (1990) evaluated
the effect of different animal protein sources, including
fish meal, on cholesterol metabolism in rabbits, as com-
pared with soybean protein.

Sahu and Prasad (1990) analyzed whether fish meal
could be replaced with other animal meals in chinchilla
rabbit diets. Rabbits received commercial pellets con-
taining 5% fish meal or laboratory-made pellets contain-
ing 5% or 10% meat meal or 5% or 10% blood meal. It
was concluded that both meat meal and blood meal could
replace fish meal at up to 10% in rabbit diets. It should
be noted that fish meal was not an experimental factor,
and it was included in control diets, which suggests that
already in the 1990s fish meal was regarded as a typical
component of commercial rabbit diets.

The use of fish meal as an ingredient of rabbit di-
ets was described by Indian researchers, Prasad et al.
(1996 a, b), Prasad and Karim (1998). Prasad et al. (1996
a) supplemented rabbit diets with 5% to 8% fish meal
to differentiate the levels of energy and protein. They
found that the total amount of feed consumed throughout
the experiment was highest in the low energy treatment,
followed by the medium energy treatment and the high
energy treatment. The digestibility coefficients of dry
matter, crude protein and energy increased with a rise
in the energy content of diets; an increase in the protein
content of the rations was accompanied by improved pro-
tein digestibility. A regression analysis of average daily
gain vs. the ratio of digestible energy and crude protein
intake revealed that the above ratio had no significant ef-
fect on average daily gain. In turn, Prasad et al. (1996 b)
supplemented rabbit diets with 5% fish meal in a study
of the growth performance of broiler rabbits fed pelleted
and traditional diets. Prasad and Karim (1998) added 5%
to 8% fish meal to rabbit diets to achieve three levels of
energy and protein in nine combinations. The experiment
was performed under tropical conditions, on pregnant
and lactating does (nine groups of six animals each) to
evaluate their reproductive performance and nutrient di-
gestibility. The findings indicate that a diet containing
18% crude protein and 2700 kcal DE/kg of feed can be
considered optimal for reproductive rabbit does in the
tropical environment.

In a study conducted in Cameroon, Fotso et al. (2000)
evaluated the nutritional value of different protein sourc-
es including fish meal (16% of the diet) in diets for grow-
ing rabbits. Higher feed intake and a significantly higher
growth rate were noted in rabbits receiving fish meal than
in those fed plant protein sources. Carcass yields were
similar in rabbits fed fish meal (54%) and cassava leaf
meal (52.3%), and significantly higher than the value de-
termined in rabbits fed cottonseed meal (49.92%). The
diet containing fish meal was least cost-effective.

Ahlawat et al. (2001) analyzed poultry viscera meal
as a potential substitute for fish meal at 5% and 8% in
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feed pellets for broiler rabbits. In another study, the above
authors demonstrated that poultry viscera meal could be
safely included in Angora rabbit diets as a substitute for
fish meal, and that it positively affected wool production
(Ahlawat et al., 2003). In the cited experiments, fish meal
was included in control group diets, which is why they
are described in detail in the “Feeds from the processing
and slaughter of poultry” subsection.

Fanimo et al. (2002) also analyzed fish meal in their
aforementioned study that compared the utilization of
five animal protein concentrates in rabbit diets. Bioba-
ku et al. (2003) tested whether local Nigerian fish meal
could be included in rabbit diets at 7.17% to 12.39%. The
effects of groundnut cake and fish meal on the growth
rate of rabbits and protein utilization were determined in
the study. Control diets, which did not contain ground-
nut cake and local fish meal, contributed to significantly
higher body weight gain, compared with experimental
diets. The protein efficiency ratio was also significantly
higher in the control diets. No enteritis or mortality cases
were recorded in the treatment groups.

Another extensive study involving fish meal was
conducted by Mbanya et al. (2005) who described seven
concentrate feeds for growing rabbits, which were for-
mulated to include one, two or three different protein
sources. The dietary treatments consisted of cottonseed
cake, soybean cake, fish meal, cottonseed cake and soy-
bean cake. Diets were supplemented with 2% to 6% fish
meal. Rabbits fed fish meal were characterized by the
highest growth rate, due to the superior amino acid com-
position of this protein source, relative to cottonseed cake
and soybean cake. However, this trend was not reflected
in better feed conversion.

Njidda and Isidahomen (2010) evaluated the influ-
ence of replacing fish meal with grasshopper meal on the
hematology, serum chemistry and carcass characteristics
of growing rabbits. It was concluded that grasshopper
meal could be included in the diet at 2.50% as a substitute
for fish meal (50% replacement) with no adverse effects
on hematological and biochemical blood parameters or
carcass traits.

Fatufe et al. (2010) examined the effect of feeding
bacterial protein meal (Streptomyces spp. containing
70% crude protein, 6.5% crude fat and 4.1% crude fib-
er) as a substitute for fish meal or groundnut cake meal
in diets for growing rabbits over 84 days. Rabbits’ re-
sponses to bacterial protein meal in terms of feed intake,
body weight gain and feed conversion were not statisti-
cally significant. The inclusion of bacterial meal in rabbit
diets significantly decreased skin weight and kidney fat
content. The experiment confirmed that bacterial protein
meal can completely replace fish meal and groundnut
cake meal in diets for growing rabbits as it had no ad-
verse effect on their growth performance or carcass qual-
ity.

Karikari et al. (2011) evaluated the nutritional value
of millet residue meal combined with fish meal, SBM or
fish-SBM (1:2) as protein sources in diets for domestic

rabbits. Based on the protein source, the treatments were
labeled as a fish meal diet, an SBM diet and a fish-SBM
diet. During the pre-breeding period, does fed the fish
meal diet were characterized by a poorer daily growth
rate and feed conversion ratio than those fed the SBM
diet. The former delivered and weaned a lower number
of kits than the latter. Does receiving the SBM diet were
heaviest at mating and kindling, and they were charac-
terized by superior values of most parameters, compared
with does fed the fish meal diet. The study demonstrated
that millet residue meal may be a better feed source for
female rabbits when it is combined with SBM rather than
fish meal or fish-SBM to increase dietary protein content.

In a study by Oladunjoye et al. (2013), an attempt
was made to replace fish meal with cattle rumen epithe-
lial tissue scrapings meal in diets for growing rabbits. It
was found that this experimental factor can replace 80%
of fish meal. The details of this study are provided in the
section discussing feeds of mammalian origin.

Galan et al. (2013) analyzed whether Nile tilapia
(Oreochromis niloticus) meal can be included in rabbit
diets, and determined its effect on the chemical composi-
tion and resistance of bones. The study revealed that the
meal of tilapia filleting residues positively affected car-
cass quality traits, but it had no influence on the chemical
composition or resistance of bones.

Duwa et al. (2014) replaced fish meal with housefly
pupae meal in diets for growing rabbits. The details of the
study are provided in the subsection on invertebrate meal.

Trung et al. (2017) allocated Californian rabbits to
five treatments differing in dietary protein sources, i.e.
SBM, water spinach leaf meal, fish meal, feather meal
and blood meal. Fish meal accounted for 2.5% of the
diet. The basal diet consisted of para grass (Brachiaria
mutica) and Centrocema pubescens. The crude protein
and metabolizable energy content of diets were 19.0%
and 11.6 MJ/kg DM, respectively. It was found that SBM
and water spinach leaf meal can be fed to young rabbits
to improve their meat performance and increase profits.
However, the fishy smell, low palatability and digestibil-
ity of fish meal, feather meal and blood meal could limit
nutrient intake, impair nutrient digestion and decrease
the growth rate of rabbits.

Fish meal is a valuable feed additive in rabbit nutri-
tion. It has been widely used since the 1970s, exerting
a beneficial influence on the growth performance of ani-
mals and meat quality. Fish oil is a major dietary source
of n-3 long-chain polyunsaturated fatty acids (PUFAS),
docosahexaenoic acid (22:6n-3) and eicosapentaenoic
acid (20:5n-3), which deliver health benefits and can
modify the chemical composition of meat. Fish meal can
be included in rabbit diets at up to 10% or even 15% ac-
cording to some sources. However, the use of fish meal
may be limited by its relatively high price.

Invertebrates as feed for rabbits
Invertebrates (/nvertebrata) are a large group of ani-
mals, comprising more than one million species, which
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can be potential sources of protein and other nutrients
in livestock diets. The term “invertebrates” refers to
all animals except those classified under the subphy-
lum Vertebrata, such as mollusks, crustaceans, arach-
nids and insects. They differ in their nutritional value
(Finke, 2002). In the 21st century, research has focused
on edible insects as potential nutrient sources in diets
for various livestock species (Oonincx et al., 2010; Ni-
jdam et al., 2012).

Annelids, mollusks and crustaceans

In a study by Niedzwiadek and Kawinska (1981),
krill meal was incorporated at 6% into diets for growing
rabbits as a substitute for fish and meat and bone meal.
Rabbits fed krill meal were characterized by the highest
body weight gain and nutrient digestibility. It was con-
cluded that krill meal can effectively replace other meals
of animal origin in rabbit diets.

Orozco et al. (1988) evaluated the nutritional value
of earthworm (Eisenia foetida and Lumbricus rubellus)
meal as a protein feed for growing rabbits. The proximate
chemical composition, amino acid composition and pro-
tein digestibility in vitro of earthworm meal were deter-
mined. The experimental diet, which contained 30% of
total protein as earthworm meal, was compared with the
control diet with SBM as the protein component. Both
diets were isocaloric and isonitrogenous. No significant
differences in feed intake, body weight gain, feed con-
version or apparent digestibility were found between the
groups. Apparent digestibility was 5.09% higher in the
diet containing earthworm meal, compared with the con-
trol diet. The study demonstrated that earthworm meal
can account for 30% of total protein in rabbit diets with-
out any adverse physiological effects.

Fanimo et al. (2002) compared five animal protein
concentrates, including shrimp waste meal. They found
that domestic rabbits can be fed shrimp meal instead of
other protein sources because shrimp meal is palatable,
improves the feed conversion ratio and increases meat
tenderness.

Ojiako et al. (2018) allocated rabbits to six dietary
treatments, where the positive control group received
a standard commercial diet and the diets of five experi-
mental groups were supplemented with crayfish (Cam-
barellus diminutus) meal, rainbow crab (Cardisoma ar-
matum) meal, periwinkle (Tympanotonus fuscatus) meal,
clam (Ergeria radiata) meal, and a combination of these
four meals. An analysis of selected biochemical parame-
ters of rabbits revealed that dietary supplementation with
seafoods delivers health benefits. Thus, seafoods can be
used for dietary modifications, to meet the nutritional
needs of humans and animals, and to decrease plasma
cholesterol levels.

Insects

Insect-based feed ingredients are mostly meals de-
rived from different insect species and insects in various
stages of development (Finke, 2002) as well as insect fat,

described in another section. The efficacy of insect meal
in rabbit nutrition was studied by Carregal and Takahashi
(1987) who replaced SBM with silkworm (Bombix mori)
chrysalis meal. It should be stressed that in a study by Liu
et al. (1987), insect meal was a standard component of
rabbit diets, not an experimental factor, which indicates
that insect-based feeds are widely used in China. The
Web of Science database contains Chinese patents de-
scribing the use of mealworm larvae meal and silkworm
pupae in rabbit diets.

The 21st century saw a revival of interest in insects
as feed for rabbits. Duwa et al. (2014) determined the
effect of maggot meal (housefly pupae meal — Musca do-
mestica) as a substitute for fish meal on the performance
of growing rabbits, their carcass characteristics, and he-
matological and serum biochemical parameters. The in-
clusion rates of maggot meal in experimental diets were
1.25 to 5%. Maggot meal in the amount of 5% (50% fish
meal replacement) had no negative influence on the ana-
lyzed traits and parameters.

Insect meals as ingredients of rabbit diets have also
been studied in Poland (Gugotek et al., 2019, 2021;
Kowalska et al., 2020, 2021; Strychalski et al., 2021).
Gugotek et al. (2019) investigated the effect of silkworm
pupae meal on rabbit performance. The control diet con-
tained 10% SBM, the first experimental diets contained
5% SBM and 5% silkworm pupae meal, and the second
experimental diet — 10% silkworm pupae meal. The study
demonstrated that partial and complete replacement of
SBM with silkworm pupae meal led to a decrease in the
final body weights of rabbits, average daily gain and feed
intake, but improved the feed conversion ratio. The val-
ues of the analyzed carcass quality traits were lower in
rabbits administered silkworm pupae meal. The proxi-
mate chemical composition of rabbit meat was not af-
fected by experimental diets, although the proportions of
fatty acid groups tended to be more nutritionally desir-
able in experimental groups.

Kowalska et al. (2020) determined the effects of dried
silkworm pupae and mealworm larvae (7enebrio molitor)
meals on the carcass and meat quality of rabbits. Dietary
supplementation with insect meals increased the final
body weights of animals and carcass meat content. The
experimental diets had no influence on the concentrations
of total essential amino acids in rabbit muscles, but af-
fected the levels of amino acids (phenylalanine, lysine,
tryptophan, threonine, isoleucine and methionine). The
concentrations of saturated fatty acids (SFAs) and mono-
unsaturated fatty acids (MUFAS) in rabbit muscles were
similar in all groups. The levels of n-3 PUFAs increased
and cholesterol concentrations decreased in the tissues
of rabbits receiving silkworm meal. The study demon-
strated that dried silkworm pupae and mealworm larvae
meals can be included in rabbit diets at 4% with no ad-
verse effects on growth performance or the quality and
nutritional value of meat. In a follow-up study, Kowal-
ska et al. (2021) evaluated the effect of silkworm pupae
and mealworm larvae meals on the growth performance



1422

A. Gugotek and D. Kowalska

of rabbits, and found that SBM can be partially replaced
with the analyzed insect-based feeds.

Gugotek et al. (2021) investigated the effect of silk-
worm pupae meal on nutrient digestibility, nitrogen
utilization, gastrointestinal physiology and blood bio-
chemical parameters in rabbits. An increase in the inclu-
sion rates of silkworm pupae meal in rabbit diets was
accompanied by a decrease in nutrient digestibility and
nitrogen retention. Interestingly, the activity of bacterial
N-acetyl-beta-D-glucosaminidase (NAGase) was lowest
in the group fed SBM, and highest in the group fed 10%
silkworm pupae meal. It was concluded that the inclusion
level of silkworm pupae meal in rabbit diets should not
exceed 5%.

Strychalski et al. (2021) evaluated the effects of silk-
worm pupae meal and mealworm larvae meal on produc-
tive performance and gastrointestinal function in rabbits.
The cited authors reported that silkworm pupae meal
(4%) and mealworm larvae meal (4%) increased the final
body weights and daily weight gains of rabbits, as well
as the digestibility coefficients of fat, acid detergent fiber
and acid detergent lignin without compromising the di-
gestibility of other nutrients or energy. Both insect-based
products enhanced the activity of cecal and colonic bac-
terial NAGases due to higher chitin utilization. However,
they also disrupted the metabolism of large intestinal mi-
crobiota, which was reflected in reduced enzyme activity
and lower SCFA concentrations.

Czech researchers, Volek et al. (2021), performed an
experiment where SBM was replaced with mealworm

larvae meal (3%) in diets for fattening rabbits. They
found that neither the growth of animals nor nutrient
digestibility or nitrogen output were compromised by
a total dietary replacement of SBM with mealworm meal.

Silkworm pupae, the by-products of sericulture, have
long been used in Asia as both foodstuffs and feedstuffs.
Their efficacy in rabbit nutrition was investigated only
in the 1980s. The 21st century has witnessed a grow-
ing global interest in farmed insects used as alternative
protein and energy sources for livestock. The potential
of housefly pupae meal, silkworm pupae meal and meal-
worm larvae meal as feed materials for rabbits has been
evaluated. Research shows that insect meals can be add-
ed to rabbit diets at up to 10%, but based on our studies,
we would recommend lower dietary inclusion levels, not
exceeding 5%. Wider use of insects as feed will depend
on the popularization of insect farming and reduced costs
of insect meal. Invertebrates other than insects as rab-
bit diet components have not received research interest,
although the results of some experiments were pro-
mising.

Mineral feeds of animal origin in rabbit nutrition

Complete rabbit diets are always supplemented with
mineral feeds, usually calcium and phosphorus com-
pounds as well as salt (NaCl). Their total inclusion level
does not exceed 3% of the ration. The experiments de-
scribed below were designed to evaluate whether various
mineral additives of animal origin can be used as calcium
and phosphorus sources in rabbit diets.

Table 3. Studies investigating rabbit diets containing bone meal

Dletag}; Illr;crlrl::;(l)r(l;::)vel of Authors
1.0 Akinfala et al. (2003), Bioibaku et al. (2003), Mbanya et al. (2005), Nodu et al. (2015), Oloruntola (2018)
2.0 Njidda and Isidahomen (2010), Mohammed et al. (2011 b), Ojebiyi et al. (2013), Duwa et al. (2014)
2.5 Fotso et al. (2000), Oshibanjo et al. (2018), Ikyume et al. (2019), Wafar et al. (2019 a)
2.8 Oluwafemi and Adeiza (2017)
3.0 Iyeghe-Erakpotobor (2007), Togun et al. (2009), Adeniji (2012), Nnenna and Kanayo (2013), Ojebiyi and Saliu
(2014), Vermsy and Ahemen (2019), Wafar et al. (2019 b)
35 Okpanachi et al. (2010)
4.0 Akuru et al. (2021)

Table 4. Studies investigating rabbit diets containing animal fat

Type of animal fat

Authors

Beef tallow

Butter

Fish oil

Insect oil
Krill oil
Poultry fat
Pork lard

Raimondi et al. (1976), Reid et al. (1980), Santoma et al. (1987), Abdelhamid (1989), Fekete et al. (1990), Fernan-
dez and Fraga (1992), Fernandez et al. (1994), Xiccato et al. (1995), Falcdo-E-Cunha et al. (1996), Pla and Cervera
(1997), Kritchevsky et al. (1998), Pascual et al. (2002), Andrade et al. (2018)

Kang et al. (1997, 2000), Bansal et al. (2002), Mehta et al. (2002), Purohit and Vyas (2005), Faulconnier et al.
(2006), Roy et al. (2007), Elrufai et al. (2015)

Linetal. (1991), Gillis et al. (1992), Aguilera et al. (2005), Kowalska and Bielanski (2009), Kowalska et al. (2011),
Castellano et al. (2012), EI-Moghazy et al. (2014), Rebollar et al. (2014), Ivanowa et al. (2015), Rodriguez et al.
(2017,2019)

Gasco et al. (2017), Dalle Zotte et al. (2018), Martins et al. (2018), Gasco et al. (2019 a, b, ¢), Cullere et al. (2021)
Ivanowa et al. (2015)
Hemid et al. (1995), Hernandez et al. (2000), Pascual et al. (2002), Andrade et al. (2018)

Fraga et al. (1989), Gillis et al. (1992), Kritchevsky et al. (1998), Aguilera et al. (2002, 2005), Casado et al. (2010,
2013), Garcia-Quirés et al. (2014), Rebollar et al. (2014), Liang et al. (2015), Rodrigez et al. (2019)
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Invertebrate-based mineral feeds

Oyster shells are an example of invertebrate-based
mineral feeds. They were added to rabbit diets at 2%
(Biobaku et al., 2003; Akinfala et al., 2003) and 3% (Ola-
dunjoye et al., 2014).

Limestone can also be considered a feed ingredi-
ent of animal origin. It is a sedimentary rock composed
mainly of calcium carbonate (CaCO,) in different crystal
forms such as calcite and aragonite, which also contains
the skeletal fragments of marine organisms (corals, fo-
raminifera and mollusks). Limestone is often added to
livestock diets (Wheeler and Noller, 1976; Davin et al.,
2020; Majeed et al., 2020), and it was also fed to rab-
bits at 3% (Grobner et al., 1982), 2% (Oluwafemi and
Adeiza, 2017), 1% (Tamowa et al., 2002) and 0.5-1%
(Al-Dobaib, 2010).

Vertebrate-based mineral feeds

Bone meal is a slaughterhouse waste product. The
bones of various species of farmed mammals, birds and
fish are processed into bone meal by different methods.
Theoretically, bone meal can be a source of calcium,
phosphorus and other minerals in diets for livestock,
including rabbits. From a nutritional perspective, bone
meal can replace other dietary sources of calcium and
phosphorus. The calcium to phosphorus ratio should re-
main within the recommended range (Orban and Roland,
1992; Lee et al., 2010). However, the use of bone meal as
well as meat and bone meal was prohibited in the Euro-
pean Union for a long time (Regulation EC, 2002). Bone
meal and meat and bone meal are also valuable mineral
fertilizers applied to various crop species (Nogalska et
al., 2014). Selected studies that analyzed the optimal in-
clusion levels of bone meal in rabbit diets are listed in
Table 3.

It should be noted that in the cited studies, bone meal
was not an experimental factor, but a standard compo-
nent of rabbit diets, included in the amount of 1% up to
even 4%. Bone meal was used as a mineral feed additive
primarily in developing countries, and less frequently
in Europe and North America, where commercial min-
eral supplements that do not raise sanitary concerns are
widely available. In developed countries, such alterna-
tive mineral sources in rabbit diets are often preferred
due to their lower costs.

Animal fats in rabbit nutrition

The use of animal fats in rabbit nutrition was
described in detail in one of our previous articles
(Gugotek and Kowalska, 2020), therefore only major
studies addressing this problem are summarized in this
review.

Research studies conducted to date have investigat-
ed the following animal fat sources in rabbit diets: beef
tallow, butter, pork lard, poultry fat, fish oil, krill oil,
insect oil as well as mixtures of various animal fats, and
vegetable oils and animal fats (Table 4). Their effects

on the growth performance of rabbits, lactation, rearing
parameters, meat quality and the health status of ani-
mals were evaluated (Table 4). Animal fats, in particu-
lar, pork lard and butter, were added to rabbit diets to
balance them and to increase their energy value, espe-
cially when rabbits were used as model animals in trials
examining cardiovascular diseases and obesity (Ber-
tomeu et al., 1990; Aguilera et al., 2002; Bansal et al.,
2002; Mehta et al., 2002; Roy et al., 2007; Liang et al.,
2015).

The above review indicates that various animal fats
can be included in rabbit diets at 2—5% without negative
effects on performance, reproduction or meat quality.
Moreover, it has been found that meat quality can be
modified through the addition of different dietary fat
types. It should also be stressed that research into the
effects of different animal fats added to rabbit diets con-
tributes to a better understanding of the main causes and
mechanisms underlying numerous diseases associated
with high-fat diets in humans.

Since each of the main subsections concerning dif-
ferent animal-based feed materials included in rabbit
diets contains a fairly detailed description of the cited
studies, this review article ends with a short summary
focusing on the opportunities and future perspectives
regarding the use of this group of feeds in rabbit nutri-
tion.

Conclusion

The efficacy of meals derived from mammals, birds,
fish and invertebrates as feed ingredients and additives
for rabbits has been evaluated to date. The above feeds
can be added to rabbit diets to increase protein content
or replace other high-protein components of plant and
animal origin. In general, their recommended inclusion
rate is 5—10% of the ration. Selected milk products have
become standard ingredients of rabbit diets; their opti-
mal inclusion level is 2-2.5% of the ration. Bone meal,
treated as a mineral feed additive, is also routinely in-
corporated into rabbit diets at 1-4%, mostly in develop-
ing countries. Animal fats of various origin can be safely
added to rabbit diets at 2—5% of the ration.

From a historical perspective, research into the use
of animal-based feeds in commercial rabbit diets began
in the 1970s and continues to this day. However, their
popularity declined when sanitary regulations relating to
BSE were introduced. Today, it appears that animal feeds
will receive renewed attention as components of diets for
different livestock species, including rabbits, because the
above restrictions have already been loosened. Another
important consideration is the implementation of the an-
nounced regulations restricting the use of GM-SBM as
the protein source in animal diets. Wider use of animal
by-products in rabbit nutrition will also depend on their
prices on the feed market. Moreover, consumers should
be persuaded to accept animal-derived ingredients in
food products.
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