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Abstract: The consumption of animal by-products has continued to witness tremendous growth over
the last decade. This is due to its potential to combat protein malnutrition and food insecurity in many
countries. Shortly after slaughter, animal by-products are separated into edible or inedible parts.
The edible part accounts for 55% of the production while the remaining part is regarded as inedible
by-products (IEBPs). These IEBPs can be re-processed into sustainable products for agricultural and
industrial uses. The efficient utilization of animal by-products can alleviate the prevailing cost and
scarcity of feed materials, which have high competition between animals and humans. This will also
aid in reducing environmental pollution in the society. In this regard, proper utilization of animal
by-products such as rumen digesta can result in cheaper feed, reduction in competition and lower
cost of production. Over the years, the utilization of animal by-products such as rumen digesta as
feed in livestock feed has been successfully carried out without any adverse effect on the animals.
However, there are emerging gaps that need to be further addressed regarding the food security
and sustainability of the products. Therefore, the objective of this review highlights the efficacy
and effectiveness of using animal by-products as alternative sources of feed ingredients, and the
constraints associated with their production to boost livestock performance in the industry at large.
Keywords: animal by-products; environmental pollution; feed; livestock; rumen digesta; utilization;
food security; sustainability

1. Introduction
Meat and meat products form an important segment of the human diet because they provide
essential nutrients which cannot be easily obtained through vegetables and their derived products [1].
They provide a means for reducing malnutrition and increasing household food and food security [2].
Over the last 20 years, the demand for meat and meat products has increased in many parts of the
world (including Africa, Asia, Europe and United States of America) and this has led to rapid surge
in livestock production for sustainable food security [3]. The process of converting livestock to meat
in abattoirs usually generates a lot of by-products which can be further utilized by humans as food
or reprocessed as secondary by-products for both agricultural and industrial uses [4]. The yield of
these by-products has been reported to account for about 10% to 15% of the value of the live animal
in developed countries, although animal by-products account for about two-third of the animal after
slaughter [5]. Basically, animal by-products include all parts of a live animal that are not part of the
dressed carcass such as liver, heart, rumen contents, kidney, blood, fats, spleen and meat trimmings.
In this sense, the production of these animal by-products can be grouped into non-carcass meat (EBPs)
and non-meat products (IEBPs) as shown in Figure 1.
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Figure 1. Classification of animal by-products.
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The consumption of EBPs across the world is gradually increasing due to the discovery of their
importance as a source of nutrients for human benefit. They are widely used in traditional culinary
in Europe, South America, North America, Asia, Africa and Australia [17,18]. In Africa, all parts of
EBPs are processed and commonly used as human food [18]. In South Africa, EDP delicacies are
enjoyed and accepted as one of the traditional norms shared collectively between white South Africans
(especially Afrikaners) and black South Africans [19]. A study conducted in Somalia revealed that
EBPs are culturally acceptable and consumed by people of all ages [20]. EBPs are usually eaten after
frying, grilling, boiling or braising with vegetables and other ingredients. In some cultures, liver meat
is processed and consumed in different forms such as liver pâté, foie gras and liver sausages [21–23].
This is due to the richness of animal liver in protein, fat, iron, copper and vitamins which are important
for normal development in humans.
In a recent survey conducted among 1030 United Kingdom public members, 43% of the
respondents indicated that they eat chicken livers [24]. The study also revealed that chicken liver dishes
are eaten by people of ages ranging from 18 years and above. On the nutritional basis, beef heart and
liver have been reported as important dietary sources of Coenzyme Q10 (vitamin) compared to muscle
tissue [25]. In addition to this, the digestibility of coenzyme Q10 in beef heart and liver was significantly
higher than the digestibility of coenzyme Q10 in muscle tissue. Coenzymes Q10 are produced mainly
in mitochondria, which show that liver and heart muscle contain higher mitochondria than other parts
of muscle tissue.
It is well known that the liver is a vital edible organ that forms 1–2% of the live weight of cattle
and is richer in minerals and vitamins compared to other muscular tissue [26]. Beef liver was reported
to contain about 3.5% to 7.8% lipid at wet basis [27,28]. In general, lipids from ruminant liver appear
to contain more longer-chain polyunsaturated fatty acids (PUFA), stearic acid (l8:0) and less palmitic
acid (16:0) than the ruminant muscle [28]. The concentration of PUFA in the liver has been reported
to be ten times higher than that of muscles from the same animals [28]. Seong et al. [29] also found
that the fat content of pork liver was comparable to those of the muscle tissues of cattle. Fats serve as
building blocks of membranes and play a key regulatory role in numerous biological functions.
Liver protein contains essential functional features that are associated with different protein
portions and with physiochemical conditions such as pH, ionic strength, and high level of water
soluble protein [30,31]. However, sheep liver was reported to contain a higher value of di-unsaturated
(C18:2) and tri-unsaturated (C18:3) fatty acid than longissimusdorsi muscle [28]. Similarly, there was
lower saturated (C16:0, C16:1) fatty acid values in liver compared to longissimus dorsimuscle. Purchas
and Busboom [32] reported that beef liver contains relatively higher iron content than beef muscle.
Iron is needed for proper functioning of blood in the human system and its deficiency can result in
anaemia, especially in pregnant women and children [33]. The liver has also been found to contain a
moderate amount of taurine, carnosine, and creatine [32] compared to other muscle tissues.
Heart muscles have been reported to contain a large amount of threonine, leucine, lysine and
tryptophan and other amino acids [34]. The proximate composition and amino acid profile of gizzard
were reported to be similar to that of chicken meat [35]. Gizzards from poultry can be processed to
produce fermented sausage or served fried or eaten with other food ingredients. Chicken gizzard is
high in protein (26%), ash (1.3%) and low in fat (0.9%) [36]. Bovine intestine is commonly used as
sausages casings [37,38]. Blood and viscera organs from goat have been reported to be rich in protein,
fat and mineral content (phosphorus and iron) in a measure similar to those of goat muscle tissue [39].
The tongue is also known to provide quality protein, vitamins and minerals which could be beneficial
nutritionally [16,40]. It is rich in iron, zinc, choline and vitamin B-12; its utilisation showed that each
portion of cooked cow tongue can boost iron content in the body system to provide about 28% and 12%
of the daily iron intakes set for men and women, respectively [40]. In this sense, beef, pork, sheep, goat
and veal tongues can be processed by curing, boiling, smoking and seasoned with onion and other
spices before consumption. Cow tongue is consumed as special delicacies in North America, Africa,
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Europe and Asia as a nutritional food source [41]. However, research on textural and organoleptic
properties of the cooked cow tongue is still limited.
A study on beef and pork testicles has shown that they are relatively rich in lipid, iron, protein
and poly-unsaturated acids [42]. Pork testicles are reported to contain 10.5% protein, 2.9% fat and
1.3% carbohydrate [43]. The concentration of the heme iron in pork testicles (2 mg/100 g, uncooked
weight) has been specified to be at least 2.5 times higher than that in pork loin which can provide
25% of the United States Department of Agriculture (USDA) daily recommended intake for adult
males [43]. The testicles and penis from livestock are customarily eaten in many parts of the world as a
means to enhance male strength, virility, and prowess [44]. In the United Kingdom and the United
States, spleens are broadly consumed in processed foods while, in Sicily, it is used for making the
sandwich “pani ca meusa”, or “bread with spleen” and caciocavallo cheese [17]. However, consumers
may sometimes prefer offal to meat due to availability, nutritional value, price difference, cultural
background and religious belief. With the fast growing population, the demand for offal is likely to
increase in regards to individual perception. In this regard, further research on consumer perception
on consumption of EBPs should be carried out. This will give a comprehensive representation on
factors influencing offal demand.
4. Factors Influencing the Yield and Quality of Edible and Inedible Animal By-Products
4.1. Edible By-Products
The yield and quality of edible animal by-products depend on multiple interactive factors
of genotype (breed), sex, animal species, production system (feedlot or pasture-based system),
physiological and health condition of the animal, age, weight, post-mortem handling and
processing [45]. Florek et al. [45] reported that variation in weight of the by-products is due to
differences in animal weight at slaughter, indicating that animal of the same breed and species
with high body weight gain will produce more kilogrammes of by-products than those with low
body weight.
Florek et al. [45] reported that veal from calves has higher fat, energy, ash, minerals (Zn and Ca),
fatty acids and oxidative stability than the liver, tongue, heart and kidney from suckling calves.
Hoffman et al. [46] in their study also found a significant breed effect on the proximate composition
of all the organs meat, with Merino sheep having higher fat content in liver, and tongue than Dorper
sheep. However, Dorper brain, heart, kidney, spleen and testicles had higher protein contents than
those of the Merino. It was also found that Dorper liver had higher levels of valine, tyrosine, isoleucine,
phenylalanine and leucine than Merino liver. Li et al. [26] reported higher significant differences in
the protein, fat, carbohydrate, total energy, mineral, amino acids, polyunsaturated fatty acids and
glycogen values of liver meat from Wagyu × Qinchuan cattle than from Qinchuan cattle raised on the
same pasture.
Furthermore, Puschner et al. [47] found that mineral content (copper) of calves varied according to
age, sex and production system while the amount of copper in liver was higher in dairy calves than beef
calves. In addition, copper concentration in the liver for both dairy and beef calves increased initially
for the first 2 months of age and then declined until about 9–10 months of age when concentrations
began to increase slightly. Zawacka et al. [48] in their study showed that Capons chicken had higher
liver and gizzard weight and lower heart weight than cockerels. In addition, Zawacka et al. [48]
has shown that the physiological condition of the animal could influence weight variation, and this
is similar to the result obtained by Abdelmageed et al. [49] that the gizzard weight of male broiler
chickens was heavier than those from female chickens. On the other hand, buffalo had heavier hearts,
lungs, kidney fat and spleens and lighter livers compared to cattle liver, heart and spleen [32].
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4.2. Effect of Thermal Processing and Preservation Methods on Quality of Edible By-Products
It is well known that EBPs are highly perishable and must be stored under refrigerated conditions
to control microbiological growth and other deteriorative changes. Shortly after slaughter, the EBPs
are washed with clean running water, hung on hooks for cooling and drip drying and then chilled
to reach a core temperature less than 7 ◦ C within 16 h to prevent any deterioration or spoilage by
microorganisms. To a certain degree, EBPs can be chilled at 0–2 ◦ C for 7 days without negative impact
on their quality. However, at frozen temperatures of −12, −18 and −24 ◦ C, liver meat shelf life could
be extended to 4, 12 and 18 months, respectively [50]. These preservative mechanisms are employed to
ensure that EBPs are safe for consumption by the end-users, although some authors have reported
the presence of different microorganisms such as Escherichia coli, Staphylococcus aureus, Clostridium
perfringens in EBPs from cattle, pig and sheep [51–53]. Moreover, this has been attributed to poor
hygienic quality of the products due to their uncontrolled processing, storage, and handling.
Studies on the impact of packaging on the quality of edible offal during cold storage are still
limited. Moreover, it is required that these products are processed, wrapped, boxed and frozen for
shipment in order to preserve quality and increase marketability. Traditionally, EBPs are prepared
and cooked by boiling, roasting, smoking, frying and microwaving before eaten. Cooking is carried
out to destroy microbial contamination and improve the palatability and quality of the products.
Among the cooking processes, boiling seems to be the most common practice with all different recipes.
Contaminants such as Campylobacter have been implicated on both the inside tissues and the outer
surfaces of fresh liver meat, especially in poultry and lamb liver [24]. To ensure that meat and other
EBPs are safe for eating, an appropriate cooking temperature is needed to reduce the risk of food-borne
infection. Destruction of cyst in meat could be achieved when the internal temperature of the meat
reaches a temperature of 67 ◦ C but uneven heating from microwave may not destroy the parasites
completely [54]. Recent work on cooked liver revealed that application of heat at 60 and 80◦ C did
not significantly affect the fatty acid and mineral composition of the liver meat from cattle raised on
pasture-based diets [55]. Apart from this report, no other scientific studies seem to be available on the
effect of heat treatment on quality of EBPs.
5. Utilization of Inedible By-Products
IEBPs as stated earlier represent discards that are unsuitable for human consumption and
rejected as wastes (blood and stomach contents) or reprocessed into secondary products (gelatine
and keratin extraction, belts, footwear, and pharmaceuticals) as shown in Figure 1. Most inedible
animal by-products consist of hides, hair, horns, teeth, blood, fats, bone, ligaments and cartilage, feet,
manure, trimmings, rumen contents and glands (Figure 2). IEBPs can be further separated into parts
such as elementary and secondary by-products [56]. Elementary by-products are by-products which
are described as being collected after slaughter and include blood, bones, pancreas, intestine, hides
and skins, hoofs and horns (Figure 2). Secondary by-products are by-products which are obtained as
derivatives from elementary by-products; this may include products like, buttons, bone meal, insulin,
cutlery handles, tennis strips, fat and gelatine. Hides from abattoir are often exported to different
parts of the world such as South America, Asia, North America and Europe for reprocessing, and later
converted to leather through the use of tanning agents for the production of secondary by-products
like shoes, clothing, car seats, and many other items [57]. Other IEBPs such as glands are vital to the
development of most superior quality and accessible modern human medicines [58,59]. It has been
reported that glands and organs harvested from slaughtered animals such as adrenal, parathyroid,
pituitary, thyroid, ovaries, pancreas and testes are responsible for many of the hormones and enzymes
used in the medical field sustainability nowadays [58]. Medicinal products that can be procured
from animal glands are epinephrine, oestrogens, progesterone, insulin, trypsin, parathyroid hormone,
adrenocorticotropic hormone (ACTH), somatotropin, thyroid stimulating hormone, testosterone and
thyroxin [12]. Under-utilization of these by-products could lead to loss of potential incomes and result
in the additional cumulative rate of discarded products.
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Blood is a red fluid comprising a mixture of cellular and plasma fraction (red blood cells, white
blood cells and platelets). It represents about 4% of animal live weight or 6–7% of the lean meat
content of the carcass [60,61]. Blood is rich in iron, proteins and bioactive compounds which are
suitable for human and livestock use [62]. Blood proteins are easily accessible, edible and available in
different forms, mainly as a liquid, frozen and dried. In the food industry, blood is used as binding
agents, colour enhancers, emulsifiers, fat replacers and meat curing agents [18,63]. Plasma product
(spray dried plasma) has been well integrated into food industry due to its foaming and leavening
properties [64]. Besides, many cultures also consume blood as food or in combination with meat and
other ingredients such as in blood sausage, black puddings and pancakes [62]. In feed industry, blood
is used in the production of blood meal for feeding livestock and pets [18,65]. In medicine, blood is
usually processed and used as a medium for the growth of probiotic bacteria (bovine plasma), the raw
material for pharmaceutical porphyrin derivative production, a precursor to thrombin production and
purification, the active ingredient in topical surgical hemostatic applications, and a reagent for routine
blood clotting in serology laboratories [65]. When blood is collected from any animal, it is compulsory
that such animal should be free from disease before the blood can be consumed or processed into food.
However, blood or blood-related products are prohibited by a certain group of people who avoid
blood-tainted foods due to religious, ethical, traditional and/or health reasons [64].
Animal horns contain keratin for the production of trophies, decorative objects, musical
instruments and drinking vessels. The hooves and horns of animals have an abundant quantity
of keratin, a protein used as hair care products. Likewise, collagen, gelatine and glue can be extracted
from bone, hoof and horn. The extracted gelatine can be used for the treatment of digestive problems,
ulcer, muscular disorders and nails growth [5]. Meat and bone meal (MBM) in animal diet remains
a protein source because of its available essential amino acids, minerals and vitamins. On the other
hand, the use of MBM became restricted in countries that experienced mad cow disease epidemics
due to health concerns [66]. Like any other gland, bile is extracted either in liquid or dry form. Bile
extracts contain proteins, prednisone, cortisone, acids and pigments that are important for medicinal
and pharmaceutical purposes such as the treatment of constipation and indigestion [67]. In the poultry
industry, feathers are epidermal growths that form the outer covering on poultry animals. Feathers
are commonly used to stuff mattresses, pillows, dusters and in the manufacturing of automobiles
accessories. They are among the most complex integumentary structures that produce keratin proteins
in vertebrates. “Keratins are insoluble proteins (scleroproteins) which are resistant to physical, chemical
and biological actions due to the resistance of proteolytic degradation” [68]. Thus, keratinase-producing
microorganisms have been reported to degrade feathers into usable poultry feed and can be utilised
for biogas production [68]. More so, application of high-pressure heat and steam has been shown to
hydrolyze feathers into usable cysteine-rich, high protein product which has 60% digestibility [69].
These degraded feathers can be used to produce fertiliser because of its high protein and nitrogen
content [70]. Furthermore, chicken feathers can be used for the production of strong thermoplastic
products (such as polyethylene nylon, polyvinyl chloride and polystyrene) when processed with
chemicals such as methyl acrylate [71].
6. Industrial Usage of IEBPs
6.1. Biogas Industry
Abattoirs generate an enormous quantity of waste products in the form of solid and liquid wastes
which are responsible for severe environmental degradation if not well handled [72]. The usage of
abattoir wastes as secondary fuel through thermal recycling in power plants has been reported to be
achievable [73]. In spite of this, cattle manure, poultry litter and pig waste are also important for biogas
and electric power production [74] while solid waste generated from abattoirs and meat processing is
used as fuel in the cyclonic combustor [75].
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6.2. Cosmetic and Fabric Industry
After the removal of hides and skin from slaughtered animal in the abattoir, it is necessary to
cure the skin to prevent microbial and enzymatic decomposition [74]. The by-product such as hide
and skin provides raw materials for industrial processing and export in many countries around the
world. Common products from hides and skin are cosmetics, shoes, belts, car seats, bags, keratin and
gelatine [76].
6.3. Pharmaceutical Industry
Chemical and biochemical extracts present in animal glands and organs which are contained as a
portion in the syntheses of enzymes, hormones, pigments and vitamins are desirable and excellent
products in the pharmaceutical, food and cosmetic industries [5]. Some preliminary research suggests
that the use of these extracts may be helpful in treating various medical conditions such as hepatitis,
building healthy red blood cells, treating chronic liver diseases, preventing liver damage, regenerating
liver tissue, and treating certain cancers and other viral infections [4,67]. The liver extract contains
vitamins and minerals such as calcium, copper, phosphorus and iron sold in either powdered or tablet
form. Heparin extracted from the lungs and small intestine is a prescribed anticoagulant drug (Table 1)
used to prevent blood clotting during surgery and in organ transplants [67]. The adrenal gland is for
the production of steroid drugs, insulin from pancreas helps to treat diabetic patients while glucagon
is important to treat overdose or low sugar [67].
Table 1. Common uses of animal by-products.
Animal
By-Products

Reprocessed Products

Major Uses

Cured hides & skin.
Leather & Textiles

Leather clothes, belts, car and household upholsteries, bags,
footwear, drums, luggage, wallets, sports goods, gelatine etc.

Hoof & horn meal
Gelatin and
keratin extraction

Combs, buttons, plates, souvenirs,
Fertilizer, Collagen, glue, gelled food products, foaming in
fire extinguishers

Bone

Extraction of collagen
Bone meal

Cutlery handles, Shortening, bone gelatine, bone meal, Collagen

Blood

Pharmaceutical products
Blood meal

Catgut, tennis strips, blood sausages or pudding, fertilisers,
animal feeds, emulsifier and stabilizer

Intestine

Sausage casings
Surgical sutures
Musical instruments

Sports guts, musical strings, prosthetic materials, collagen sheets,
burn dressing, strings for musical instruments, sausage casings,
human food, pet food, meat meal, tallow, casings

Organs & Glands

Pharmaceuticals
Medicinal
Xenotransplantation

Heart stimulant, heparin, corticotrophins, enzymes, steroids,
oestrogen, progesterone, insulin, trypsin, parathyroid hormone

Hair/Wool

Textiles
Extraction of keratin

Cloths or woven fabrics, mattress, keratin, carpets,
knitted apparels, insulators

Hides and Skin
Hoof and horns

References
[5,67,74,77–79]
[67,80,81]

[5,74,82,83]
[5,61,74,79,84,85]

[5,12,18,84,86]

[5,12,58,67,74,87]

[88–91]

7. Utilization of Blood and Dried Rumen Digesta as Feed Ingredient
Rumen contents, which are commonly known as “digesta”, are considered as waste, but when
re-processed or utilised, can become a product of high significance and economic value for the
livestock industry [92]. The recovery of rumen digesta from ruminant animals in abattoirs offers
a great opportunity as an alternate source of nutrients to complement the prevailing limited feed
resources [92,93]. However, many studies do not encourage rumen digesta to be fed alone to livestock
but rather to be supplemented with other feed ingredients at a recommended rate during feed
formulation [11,94–96]. The chemical composition of dried rumen digesta, blood meal and their
mixture has drawn the interest of nutritionists to use them as cheaper feedstuff [11,94–96]. On the
other hand, rumen content and blood are environmentally unfavourable to life, causing air pollution,
ground water pollution and eutrophication if not handled properly. Conversion of these IEBPs into
livestock feed can enhance the flexibility of feed formulation and lessen environmental pollution [97].
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It was pointed out that the use of dried rumen digesta as feed ingredients has no harmful effect on
growth performance of the animals [98]. A mixture of blood and rumen content is a good source of
feed ingredients in poultry ration, catfish ration, quail ration, lamb ration and cattle ration, which
are significant with no adverse effects on animals [96,99–103]. When a suitable processing method is
adopted, it reduces the amount of microorganisms present in the dried rumen digesta and reduces
environmental pollution to a minimum level [102,104,105].
8. Nutritional Benefits of Feeding Rumen Content to Livestock
Rumen digesta are usually processed by applying light heat or sun-drying before utilisation in
feed formulation. The mixing of dry rumen digesta (DRD) with dried blood can improve the protein
content of the ration when used as feed ingredients. The availability of amino acid contents and
other compounds retained after processing depends on the intensity of heat applied on the rumen
digesta [104]. Dry rumen digesta have been administered as feedstuff at varying levels, on different
animal species (Table 2). Most of the studies conducted in the evaluation of DRD on the performance
of livestock were carried out in Central Africa (Cameroon), North Africa (Egypt and Sudan) East
Africa (Ethiopia), West Africa (Nigeria), Asia Middle East (Saudi Arabia), South East Asia (Thailand)
and South Asia (India). Dried rumen digesta may vary in their proximate composition because of
the different chemical composition of preferred pastures consumed by different animal species [94].
The dry matter (DM) of dried rumen digesta ranges from 13.36 to 98.4%, crude protein (CP) 11.38
to 19.6% and crude fibre (CF) 15.3 to 41.84% (Table 2). In view of this, DRD was mixed with other
feedstuffs to give value addition, increase palatability and enhance better efficiency [106].
Table 2. Chemical composition of cattle dried rumen contents from different countries.
Country

Animal
Type

DM
%

CP
%

EE
%

CF
%

ASH
%

NFE
%

NDF
%

ADF
%

CA
%

Cameroon
Egypt
India A
India B
Nigeria A
Nigeria B
Saudi Arabia

Broiler
Duck
Quail
Goat
Rabbit
Broiler
Lamb

92.44
91.3
92.64
90.5
91.8
81.8
13.36

15.21
18.53
18.26
12.8
11.38
18.52
14.2

7.81
7.81
3.6
6.1
8.79
1.7

41.84
28.28
24.99
24
15.3
-

9.25
9.25
14.47
8.11
7.6
11.6

35.97
42.21
38.39
-

78.7
59.2

0.7
−54.5 36.7
-

P
%

References

0.69
-

[107]
[108]
[103]
[95]
[94]
[109]
[110]

DM = dry matter, EE =ether extract, CF = crude fiber, CP = crude protein, NFE = nitrogen free extract energy,
Ca = calcium, P = phosphorus, NDF = neutral detergent fiber, ADF = acid detergent fibre.

8.1. Broilers and Layers
Esonu et al. [111] in their study reported that broiler birds fed a diet containing dried bovine
blood and rumen digesta mixture at varying levels of 0%, 5%, 10%, 15% and 20% generally had better
feed intake, body weight gain, organ weight and nutrient utilization values compared to the control
group. Similarly, Makinde et al. [112] observed that broiler chickens fed sun-dried rumen and content
blood meal at 5%, 10% and 15% levels had higher carcass yields and lower feed cost per unit weight
gain than the control group. Uchegbu et al. [109] highlighted that feed intake and weight gain of the
broilers fed with dried rumen digesta increased, due to increase in high fibre and crude protein content
of the diet which stimulated the birds to eat more to meet up with their energy requirement for swift
growth and development. Therefore, Uchegbu et al. [109] also concluded in their study that the use
of DRD as supplements in the diets of broiler provides cheaper cost of feed per kilogramme of meat
produced and this idea is practical as an alternate source of feed in economic terms. Colette et al. [107]
in their study found that the diet with 5% DRD inclusion and a mixture of castor oil seed cake with
DRD at 25% inclusion level significantly influence the juiciness and consumer preference of broiler
meat compared to the control group. As a result of this, the meat quality indicator of broilers fed with
DRD is preferable to that of the broilers in the control diet, however, birds that were fed castor oil seed
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cake at 15% inclusion in the diet performed better. However, the colour, tenderness, juiciness, flavour
and acceptability of the carcass quality of the boilers fed with DRD with or without enzyme inclusion
were not different from each other [11]. Furthermore, when dry rumen digesta was supplemented with
other feed ingredients in broiler diets, there were no side effect on the performance and biochemical
quality of plasma in broiler chicks [110].
In a similar study by Makinde et al. [112] where chemical composition of dried rumen content
with blood meal and its effect on broiler performance were undertaken, the results showed that birds
fed with dried rumen content with blood meal at 0, 5%, and 10% had higher feed intake than birds fed
with 15% rumen content with blood meal. For this reason, the performance of the broilers revealed
that the final body weight, feed conversion ratio, and daily weight gain were higher at 10% inclusion
level. As a result of this, the feed cost per unit weight gain was cheaper for all rumen content with
blood meal while mortality was not influenced.
Furthermore, Gebrehawariat et al. [113] reported that layers that were fed with diets containing
dried rumen digesta had better performance in terms of increase in egg weight, improved yolk colour
and better chick quality performance, while the blood performance of the chicken layers was within
the normal range. However, the body weight gain is not in agreement with Onu et al. [114] who
reported an overall increase in the growth rate as DRD inclusion increases.
8.2. Sheep
In recent years, Osman et al. [96] reported a consistent increase in feed intake and feed conversion
efficiency in sheep as the inclusion level of DRD in the diet increases. In this regard, sheep fed with
10% DRD had the highest weight gain, while weight gain was the lowest in the animals fed with no
dried rumen content. The final body weights were 30.27, 31.25 and 31.75 in animals fed 0, 5% and 10%
DRD, respectively, but there were no significant differences between the weights.
8.3. Cattle
Cherdthong et al. [102] also found that the replacement of soya bean meal with 100% dried rumen
digesta (DRD) as feed ingredients in cattle ration helped to enhance the intake of rice straw compared
to other diets.
8.4. Lamb
Abouheif et al. [110] in their study reported no significant difference in the growth performance,
hot carcass weight and dressing percentage of lambs fed with a dietary mixture of rumen contents and
barley mixture at ratio 4:1 compared to the control group.
8.5. Quail
Mishra et al. [103] also reported that the inclusion of solar dried blood and the ruminal digesta at
varying levels of 0%, 5%, 10%, 15%, 20%, 25% and 30% to replace soybean meal in Japanese quail diets
resulted in higher weight gains compared to the control group.
8.6. Rabbit
The replacement of maize with DRD at 0%, 12.5%, 25% levels in rabbit diet resulted in no
significant difference in the hematological parameters when compared to the control, indicating that the
DRD diet was able to supply the required nutrition to maintain the normal blood parameters and health
status of the experimental animals [115]. A similar study was conducted by Mohammed et al. [116]
where rabbits were fed a mixture of bovine blood and rumen content at different inclusion levels.
It was reported that there was no significant difference in the daily weight gain of the rabbits, but an
increase in daily feed intake was observed among the treatments.
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8.7. Goat
In a study conducted by Abbator et al. [117] where rumen digesta was supplemented with wheat
offal at varying levels in goat diets, the results revealed that all the goats had higher dry matter intake
due to the palatability of the diets. However, goats that were placed on the 25% of dried rumen
digesta with 75% wheat offal had the highest daily weight gain due to better feed conversion ratio, low
inclusion level of DRD and high metabolizable energy. This is in agreement with Khattab et al. [118]
who reported earlier that the inclusion of DRD in the diets of ruminants had no negative effect on
the palatability.
In addition, the safety of DRD in animal feed was assessed and the pathogenic potential of rumen
contents was also determined. Mondal et al. [95] revealed that rumen bacteria are non-pathogenic
due to the lack of the enterotoxin gene and thus will not be harmful if fed to animals. In view of this,
when E. coli were counted in post-dumped rumen content, there was an initial increase in the number
of E. coli which decreased subsequently, but Staphylococcus aureus increased in number, although the
microbial load was within the recommended level. For this reason, Mondal et al. [95] concluded
that rumen bacteria are non-pathogenic due to the lack of the enterotoxin gene, and thus will not be
harmful if fed to animals.
9. Concerns Associated with the Use of Inedible By-Products
Production of animal feed through recycling of animal waste to ease cost of feed has been in
operation for over forty years [119,120]. Initially, rendering of animal carcases was a routine practice
in Europe and other countries before the outbreak of Bovine Spongiform Encephalopathy (BSE)
in 1988 [121]. Bovine Spongiform Encephalopathy is an affiliate of the Transmissible Spongiform
Encephalopathy (TSE), known as neurodegenerative disorders. The general point of BSE infection is
through the ingestion of feed contaminated with animal protein infected by a prion agent. A prion is an
infectious protein that modifies normal cellular proteins into a pathogenic form that impairs the central
nervous system of animals [122,123]. Prions are impervious to processes that disintegrate nucleic acid
and are responsible for the acquired form of neurodegenerative disease [124]. Typically, prions are
often found in most vulnerable parts of the central nervous system (brain and spinal cord) and bone
marrow [125,126]. In cattle, the symptoms of BSE are: change in temperament, aggression, lack of
coordination, reduced milk yield and loss of appetite. In this regard, many studies have reported
that contaminated animal tissues serve as the prion carriers [127–131]. For this reason, specified risk
materials such as the brain, nerves attached to the brain and spinal cord are removed and separated
from meat during processing in the abattoir in order to prevent the spread of BSE disease to animals
and humans [132]. Furthermore in 2005, the Food and Drug Administration (FDA) agency proposed
that the use of brains and spinal cords from cattle older than 30 months of age or cattle of any age
not inspected and passed for human consumption should be prohibited in the food or feed of all
animals [133]. This strategy has been successful in controlling the spread of BSE, and allows utilization
of other inedible by-products, especially rumen digesta in animal feed. In fact, it is yet to be well
established that either processed or unprocessed rumen digesta contains prions that can aid the spread
of BSE.
Heavy Metal Accumulation with the Use of Rumen Digesta
The concentration of toxic metals in dried rumen content depends on exposure of forage crops
eaten by the animals, soil content, human and natural activities. Unlike lead (Pb), cadmium (Cd) is
readily absorbed and circulated evenly in plant tissues [134]. Certain plants species have the ability
to absorb heavy metals within their tissues and this may heighten the risk of contamination of the
food chain [135]. Due to consumption of these contaminated pastures by ruminants, deposition of
toxic metals in meat, tissues and organs may occur. Meats from animals raised on pastures close to
mining areas have been reported to contain more heavy metals due to natural activity [136]. After the
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digestion of the contaminated forage in the animal, toxic metals are also excreted in their faeces [137].
The presence of heavy metals in the animal manure gives an idea that the forage or pasture consumed
by the animal contains a certain level of these toxic metals [138]. For this reason, grazing and browsing
animals are more exposed to toxic metals compared to other livestock and this may be residual in the
rumen content [137]. Typically, about 90% of toxic metals are transferred through food consumption as
a major pathway for human vulnerability [139,140]. For this reason, the potential for accumulation of
heavy metals in the undigested rumen content should be investigated to determine its sustainability in
food chain.
10. Conclusions and Future Perspectives
It is well known that EBPs and IEBPs have been fully explored in many industries for their benefits.
Findings from this study have revealed that EBPs contain nutrients of high nutritional values and can
be efficiently utilized as alternative protein sources to reduce the menace of malnutrition and food
insecurity across the world. While the addition of IEBPs such as dried rumen content in livestock diet
can be used as alternative feed ingredients to lessen prevailing cost and scarcity of feed materials which
have high competition between animals and humans. If properly processed in livestock diets, dried
rumen content can suitably fill the gap of non-conventional feed sources. Therefore, it could be better
explained that most animal by-products are globally used adequately for humans, pets or animals
except for rumen contents which has a great opportunity for better uses than the current practices.
However, the limitation of DRD may be linked to the possibility of accumulation of heavy metals in
the undigested rumen content that may be recycled into the animal feed. Consequently, residual toxic
metals may be present in meats and especially offal, which are later consumed by humans. Toxic metal
contamination in food has been held responsible for related problems in humans such as amnesia
in adults, stunted growth in infants, reproductive problems, high blood pressure, nervous disorders,
oligospermia in males, and abortion in females. Therefore, further investigation should be conducted
on the presence of toxic metals in DRD and in meats from animals that have been fed with diets
containing DRD.
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