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Simple Summary: Soybean molasses is a by-product of the soybean processing industry that is
accumulated in large quantities and usually disposed of like liquid manure or in landfills, thus
causing severe ecological problems. At the same time, soybean molasses has a promising potential
to be included regularly in animal diets because of its high nutritive value and functional proper-
ties. It is rich in sugars and is a cheap energy source for animals compared to other energy-rich feed
ingredients. This paper reviews current knowledge on the valorization of soybean molasses as an
alternative feed ingredient focusing on its composition and application in animal nutrition in gen-
eral.

Abstract: Concerning the increasing global demand for food and accumulation of huge amounts of
biomass waste from the agro-food industry whose manipulation is usually inadequate, the poten-
tial of livestock to convert by-products as alternative feed ingredients into valuable proteins has
been proposed as an outstanding option. Soybean molasses present a by-product of soybean pro-
tein concentrate production with low commercial cost but high nutritive and functional value. It is
a rich source of soluble carbohydrates in the form of sugars and soybean phytochemicals. There-
fore, this paper provides a review of published works about the production of soybean molasses,
chemical composition, and nutritive value. In addition, the possibility of the application of soybean
molasses in animal nutrition as a pelleting aid and functional feed ingredient is also discussed.
Special attention is devoted to the influence of the inclusion of soybean molasses in the diets for
ruminants, non-ruminants, and aquaculture on animal performance and health.

Keywords: soybean molasses; food industry by-products; sustainable animal nutrition; alternative
feed ingredients; ruminants; pigs

1. Introduction

Global demand for food is constantly increasing and it is driven by both population
growth and a rise in consumption in developing regions due to increased living stand-
ards. As the global resources are limited, changes in approach are required, i.e., a shift
from linear to more efficient circular agro-food systems. Maximizing circularity and
cascading effects between crops, livestock, and the food industry will help to produce
animal products with fewer edible resources and less environmental impact thus max-
imizing the global efficiency of the food systems (Figure 1). To achieve this goal,
non-human-edible biomass from the food production process can be valorized as
by-products of the food chain. Using the potential of livestock to convert inedible prod-
ucts/alternative feed to valuable proteins is necessary for optimal utilization of biomass
components across industries [1].
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Figure 1. From a linear to a circular agro-food system (Source [1]).

According to Food and Agriculture Organization FAO [2], huge quantities of bio-
mass waste are generated as by-products of food and agricultural industries, accounting
for approximately one-third of the global agricultural production. International
non-governmental organizations are highlighting an urgent need for waste minimization
and efficient valorization of valuable resources [3,4]. Furthermore, livestock production
is rapidly growing and it approximately accounts globally for 40% of the total agricul-
tural activity and for more than 50% in developed countries. It is predicted that the global
demand for animal products in developing countries will substantially increase by 2030
[5]. From that point of view, finding suitable alternative feed ingredients in animal nu-
trition to produce animal products has become a very challenging mission [6]. Based on
the abovementioned, the conversion of agricultural by-products, crop residues, and edi-
ble biomass into ingredients for animal feed has been regarded to be an efficient tool that
may reduce food-feed competition, decrease animal feed costs, alleviate the environ-
mental impacts of livestock production, and diminish the dependence on grains widely
used in human consumption [7-12]. This concept points out the principles of waste re-
duction, nutrients recycling, efficient reuse of resources, and development of production
process adjusted to unique local conditions [11,13]. Tight cooperation between nearby
food producers and local feed factories and farmers has been established over a long pe-
riod and still continues [11,14]. This is important because animal feeds have become a
growingly critical part of the integrated food chain. Since the livestock sector demands
innovation to secure sustainable feed and food security, the concept of recycling is an
alluring approach in many ways and should thus be implemented globally [15].

Soybean molasses is a relatively new investigated by-product of soybean processing
generated in large quantities and with, currently, low commercial cost [16]. This
by-product has been mainly used as a raw material for fermentation in the production of
bioethanol, lactic acid, and various solvents (acetone, butanol) [17,18]. It was reported
that leading soybean processors in Brazil generate a substantial quantity of soybean mo-
lasses per day (approximately 220 tons) [19]. Since soybean molasses present
agro-industrial waste with a high amount of organic substances, it has been discarded in
landfills or disposed of like liquid manure up to now. Consequently, organic compounds
from soybean molasses contaminate groundwater and pollute the air, thus causing en-
vironmental issues [19]. Therefore, adequate valorization of soybean molasses, i.e., ap-
plication in animal nutrition can reduce inappropriate disposal of molasses that induces
environmental problems on one hand, and contributes to the reduction of feed costs and
animal products production on the other hand [19]. The potential of soybean molasses as
a feed ingredient has not been thoroughly explored yet. However, the incorporation of
soybean molasses in animal diets in accordance with other nutritional requirements can
easily enhance and enrich conventional animal diets.
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This review aims to present soybean molasses as an alternative feed ingredient with
special emphasis on its composition, application in animal diets as a pelleting aid, and
source of energy and functional compounds.

2. Soybean Molasses Production

Soy molasses is a brown-colored viscous syrup with a characteristic bittersweet taste
[20]. It is obtained from defatted soybeans by the alcohol extraction, and it is a by-product
of aqueous alcohol soybean protein concentrate production. After removing the oil from
the crushed soybeans, molasses is obtained by the industrial extraction of defatted soy-
bean flakes (white flakes) or soybean meal, by use of warm diluted ethanol (60-70%) or
diluted iso-propanol to remove carbohydrates and concentrate the protein. The choice of
alcohol type for extraction depends on the availability and prices of extraction liquid. To
the best of our knowledge, there is no publication that shows the influence of type of al-
cohol used for the extraction on nutritional quality of soybean molasses. After extraction,
alcohol and some water are removed from the liquid fraction by evaporation, distillation,
stripping with steam, elution, column separation, membrane separation, or other tech-
niques. The end product, syrup, or soy molasses is virtually alcohol-free, with the desired
moisture content [18,21]. The production of soybean molasses in the industrial processing
of soybean is shown in Figure 2.

100 kg Soybean
35% protein
1

Lecithin (o]]] Soybean meal
1ke 20kg 72 kg

48% protein

Soybean Molasses

Soy Protein Concentrate
19kg

52 ke
72 % protein

57 % sugars
25% moisture

Figure 2. Products of the industrial processing of soybean (Source [22]).

The yield of soybean molasses is approximately 19% counting on the soybeans, or
25% counting on the defatted soybean meal, which is considerably high. Moreover, due
to the increase in global demand for valuable proteins, amounts of produced soybeans
are constantly increasing, consequently followed by an increase in quantities of soybean
molasses. Therefore, for optimal usage of the soybeans, valorization of all by- and
co-products is justified from multiple aspects.

It is possible to produce modified soybean molasses with reduced sugar content by
partial or complete elimination of sugars from the molasses. The following methods can
be used to remove sugars from soybean molasses: microbial fermentation, enzymatic and
chemical treatments, gel filtration, column separation, membrane separation, acid pre-
cipitation to precipitate the major non-sugar components and removal of the soluble
components, mainly the sugars, by centrifugation, settling, or decantation [23].

3. Composition of Soybean Molasses

The composition of soybean molasses can be variable and it highly depends on the
soybean variety, growing conditions, location, and year of cultivation [20]. Soybean mo-
lasses is mainly composed of carbohydrates, proteins, and lipids. The typical composi-
tion of soybean molasses is shown in Table 1.
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Table 1. Proximate chemical composition of soybean molasses [17,18,23-27].

Component Content
(0/0 dm)
Crude matter 53.1-82.5
Crude protein 5-12
Crude fat 4-20
Ash 3-21.9
Sugars 58-65
Oligosaccharides
Stachyose 15.5-34.2
Raffinose 4-255
Disaccharides
Saccharose 18.5-32
Monosaccharides
Fructose 1.2-3.0
Glucose 0.2-4.7
Saponins 6-15
Isoflavones 0.8-2.5

. cher compounds . difference to 100
(phenolic acids, leucoanthocyanins, etc.)

Total energy 1400 kJ/100g

According to Chajuss [20], the chemical composition of soybean molasses is similar
to that from beet molasses and cane molasses. It was reported that soybean molasses
contains a high content of dry matter (82.5%), the crude protein content of 5-7%, and the
mineral content of 3-7% [20]. On the other hand, significant differences in terms of the
chemical composition of soybean molasses in relation to beet or sugar cane molasses can
be observed in the research of Long and Ribbons [18]. They stated significantly lower dry
matter content in soybean molasses (53.1%), but higher crude protein content (11.7%) and
significantly higher mineral content (21.9%). In addition, Loman and Lu-Kwang [26] re-
ported higher protein content (8-12%), lower ash content (5-7%), and significantly higher
fat content (15-20%) in soybean molasses. Romao et al. [27] also reported fat content in
molasses to be approximately 15% on a dry basis. The major components of soybean
molasses are carbohydrates accounting for 58-65% dry matter basis. The following car-
bohydrates can be found in molasses: oligosaccharides (mainly stachyose and raffinose),
disaccharides (saccharose), and smaller proportions of monosaccharides (fructose and
glucose). Stachyose and saccharose are the most abundant carbohydrates in soybean
molasses accounting for up to 34.2% and 32%, respectively [18,20]. Soybean molasses
contains less amount of raffinose (up to 9%); however, Long and Ribbons [18] reported a
significant amount of this carbohydrate in molasses to be 25.5%. Monosaccharides fruc-
tose and glucose are present in molasses in smaller amounts. Among minerals, soybean
molasses is rich in potassium accounting for 7.2% dry matter basis, while contains a
lower amount of magnesium, phosphorus, chlorine, calcium, and sodium (0.7%, 0.58%,
0.44%, 0.31%, and 0.26%, respectively [28]. The data presented in Table 1 indicate that
soybean molasses varies widely in chemical quality, hence when regularly used in ani-
mal diets it must be submitted to regular quality control and if necessary, the diet for-
mulation should be adapted in order to avoid variation in animal performance.

In addition to sugars as the main ingredients and a smaller amount of protein, fat,
and minerals, soybean molasses is characterized by a significant content of soybean
phytochemicals labeled as “soy nutraceuticals”. Soybean molasses contains a wide range
of phytochemicals, and the concentration of soybean phytochemicals can be five times
higher in soy molasses than in soybeans [20]. The main components of soybean molasses
phytochemicals are: isoflavones, saponins, phenolic acids, phospholipids, phytosterols,
phytates, w-3 fatty acids, leucoanthocyanins, Bowman-Birk proteolytic enzyme inhibitors
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(BBI) [23,29]. Although some soybean phytochemicals showed deleterious effects in an-
imals [30,31] they have a highly beneficial and synergetic effect by delivering antimicro-
bial, antifungal, antiviral, anti-inflammatory, and antioxidant properties [21]. These at-
tributes of soybean phytochemicals are considered to be largely influenced due to the
presence of isoflavones in soybean [32].

3.1. Saponins

Saponins are a highly diverse group of triterpene glycosides in which hydrophobic
aglycone that may be either a sterol or a triterpene is attached to hydrophilic sugar moi-
eties (pentoses, hexoses, or uronic acids). Saponins are bitter-tasting alcohol-soluble,
heat-stable, and amphiphilic compounds [20,33]. Soybean saponins can be divided into
three groups based on the chemical structure of the aglycone, the A, B, and E saponins.
Hosny and Rosazza [34] isolated and identified soyasaponin A2, soyasaponin I (B sapo-
nin), and a new saponin hexaglycoside IV (B saponin) from soybean molasses. Other re-
searchers reported that the ethanol extract prepared from soybean molasses suppressed
induced genomic DNA damage, clastogenic damage, and point mutation in mammalian
cells [35]. This soybean molasses extract was found to consist of a mixture of group B
soyasaponins and 2,3-dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-one DDMP soybean
saponins, which included soybean saponins [, I, I1I, IV, V, Be, 3a, 3g, ya and yg (B sap-
onins). Purified soyasapogenol B aglycone isolated from the soybean molasses fraction
expressed strong repression in the mutagenic activity in mammalian cells [36]. Soybean
saponins were considered in the past to be deleterious antinutritional factors, with little
or no justification [37]. The harmful effect of soybean saponins was ascribed by analogy
to saponins from other sources that have a toxic effect [38]. Some studies have revealed
that saponins are potential functional compounds because they exhibit various biological
properties [39]. Generally, there is no consensus on the effects of the application of sapo-
nins in animal diets, because these compounds can affect animals in different ways both
positive and negative. They have been found to have antioxidative, antifungal, and anti-
viral effect on one hand, and to significantly reduce the digestion of protein and the up-
take of minerals and vitamins in the gut on the other hand [39]. Furthermore, some of the
beneficial effects attributed to saponins are positive effects on growth and feed utilization
in ruminants and monogastric animals [39]. It was reported that soy-derived saponins
can be used as health-promoting feed additives and has a great potential as immuno-
modulatory compounds that may contribute to sustainable and efficient pork production
[38]. The effects of soybean saponins in fish trials are diverse and vary greatly depending
on fish species, developmental stage, combination of plant ingredients in the diet, dos-
age, and duration of exposure [40]. Saponins from soybean molasses showed negative
effects on nutrient digestibility and growth and caused enteritis like alterations in the
distal intestine in Atlantic salmon [30,31]. On the other hand, sea bream in the grow-out
phase demonstrated an ability to tolerate soybean saponins included in the diet within the
tested concentration range [40].

3.2. Isoflavones

Soybean molasses represents an inexpensive and rich source of isoflavones [41].
Isoflavones are a class of secondary metabolites with a polyphenol structure known as
phytoestrogens formed during the growth of a plant [42]. Isoflavones from soybean mo-
lasses demonstrated various biological functions, such as anti-inflammatory, antioxida-
tive, and antiproliferative properties [38]. Isoflavones are the source of the bitter and as-
tringent taste in soybean molasses. Soybean contains a mixture of isoflavone compounds
based on three “families”: the genistein family, the daidzein family, and the glycitein
family occurring in free phenolic or aglycone form. They may also exist in glucoside
(daidzin, genistin, and glycitin), acetyl (6-O-acetyldaidzin, 6-O-acetylgenistin,
6-O-acetylglycitin), or malonyl form (6-O-malonyldaidzin, 6-O-malonylgenistin,
6-O-malonylglycitin) [41]. Hosny and Rosazza [34] isolated seven known isoflavones in
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soybean molasses, genistein, daidzein, glycitein, formononetin, genistin, daidzin, and
glycitein 7-O-f-D-6"-O-acetylglucopyranoside. Soybean isoflavones showed to have
variable effects on animal growth, feed conversion ratio, and carcass traits. These effects
highly depend on animal species, gender, endocrine status, supplementation level, and
timing of exposure [43]. It was found that dietary inclusion of soybean isoflavones in-
creased growth rate and meat deposition in weanling pigs [44], while in another study
isoflavones did not have a significant effect on the growth performance of pigs and car-
cass quality [43]. Soybean isoflavones can be used as feed supplements to decrease fat
deposition and increase lean mass in animals due to their estrogen-like function [45].
Furthermore, isoflavones were reported to have significant effects on improving the
immune function, reproductive performance, and milk quality of cows [46]. Isoflavones
also show good potential as an antioxidant in male broilers because isoflavones can en-
hance the antioxidative status of male broilers by elevating the activity of antioxidant
enzymes [47]. The addition of soybean isoflavones into the diet for laying Japanese quails
may improve egg quality and egg production in quail reared under heat stress conditions
during the late laying period [48]. However, the deleterious influence of soybean isofla-
vones on growth performance, bone formation, intestinal function, and liver metabolism
in fish was reported [49].

3.3. Phenolic Acids

Zhong and Zhao found that soybean molasses had 7.5 times more total phenolic
content than other soybean processing by-products such as soybean hull and almost 20
times higher than soybean okara [50]. Soybean molasses contains the following phenolic
acid: salicylic acid, gentisic acid, vanillic acid, syringic acid, p-coumaric acid, cinnamic
acid, chlorogenic acid, isochlorogenic acid, and ferulic acid [20]. Hosny and Rosazza [34]
isolated ferulic acid and two cinnamic acid ester glycosides III from soybean molasses.

3.4. Bowman-Birk Inhibitor

The soybean molasses contains approximately 0.2% to 0.5% of the Bowman-Birk
trypsin and chymotrypsin inhibitor (BBI). By binding to the digestive enzyme trypsin,
BBI had a harmful effect on growth and in some animals could influence pancreatic hy-
pertrophy [37]. On the other hand, much literature has indicated anticarcinogenic effects
of BBI by preventing or reducing various types of induced malignant transformations of
cells in animals [51].

3.5. Fatty Acids

The major saturated fatty acid in soybean molasses is palmitic acid accounting for
11.2-21.2% of the total fatty acid followed by stearic acid, while oleic acid is the most
dominant monounsaturated fatty acid in soybean molasses [28,50]. Polyunsaturated fatty
acids have the highest share in total fatty acids in molasses (61.2-63.4%), with linoleic
acid being the most dominant fatty acid (54-56%). a-linolenic acid was also found in
soybean molasses accounting for 7.2% of the total fatty acids [28,50]. The fatty acid con-
tent in soybean molasses is shown in Table 2.

Table 2. Fatty acid profile of soybean molasses [28,50].

Fatty Acids Content (%)
Myristic acid (C14:0) 0.1-0.2
Pentadecanoic acid (C15:0) 0.1
Palmitic acid (C16:0) 11.2-21.2
Palmitoleic acid (C16:1) 0.1
Margaric acid (C17:0) 0.2
Stearic acid (C18:0) 3.8-3.9

Trans oleic acid (C18:1n9t) 0.1
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Oleic acid (C18:1n9c) 9.9-23.1
Trans linoleic acid (C18:2n6t) 0.2
Linoleic acid (C18:2n6c) 54-56
Arachidic acid (C20:0) 0.1-0.3
Eicosenoic acid (C20:1) 0-0.2
a-linolenic acid (C18:3n3) 7.2
Behenic acid (C22:0) 0.4-0.5
Tricosylic acid (C23:0) 0.2
Erucic acid (C22:1) 0.2
Lignoceric acid (C24:0) 0.2-0.3
Saturated fatty acids 16.2-26.4
Monounsaturated fatty acids 10.1-23.6
Polyunsaturated fatty acids 61.2-63.4

3.6. Amino Acids

The amino acid profile of soybean molasses is presented in Table 3. According to
Zhong and Zhao [50], soybean molasses contains the lowest concentration of total amino
acids in comparison to other soybean by-products (e.g., soybean hulls and okara). The
most abundant amino acid in soybean molasses is glutamic acid. Soybean molasses was
also reported to contain considerable concentrations of arginine, phenylalanine, and as-
partic acid [28,50].

Table 3. Amino acid profile of soybean molasses [28,50].

Amino Acids Content (g/kg dry matter)
Aspartic acid 3.2-8.7
Threonine 1.8-2.9
Serine 1.3-3.6
Glutamic acid 5.0-13.7
Proline 2.2-3.8
Glycine 0.9-3.2
Alanine 2.2-34
Cystine 1.2-7.6
Valine 1.6-3.7
Methionine 1.1-3.6
Isoleucine 1.5-3.5
Leucine 1.2-5.9
Tyrosine 2.7-4.6
Phenylalanine 3.9-5.1
Histidine 2.1-54
Lysine 0.9-4.8
Arginine 5.6-7.9

4. Soybean Molasses in Animal Feed Production

Soybean molasses can be used as a feed ingredient in animal feed production:

N as a pelleting aid

. as a source of energy in animal nutrition.

Soybean molasses can be sprayed on soybean meal in a desolventizer-toaster, or can
be mixed with soybean hulls and included into liquid rations for animal feeding [20].

4.1. Soybean Molasses as a Pelleting Aid

Pelleting is a commonly used processing technique used to transform mash feed into
cylindrically shaped macro particles called pellets. Formation of pellets is achieved by
pressing the mash through a hole in a metal plate of varying thickness at the conditions
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of shear and increased moisture and temperature. This processing technique is widely
used in the contemporary feed industry. Pelleted feed represents a large part of the es-
timated 1 billion tons of feed that is produced per year worldwide [52]. Since the second
half of the twentieth century, the pelleted diets for poultry dominate over the mash
formed diets [53]. Moreover, pellet press is typically used for compacting compound feed
for ruminants [54]. The driving force for pelleting is the fact that pellets have superior
technical properties over mash, important in handling pellets. The pellets possess better
flow properties and higher bulk density that are important in conveying and transport
operations [55]. Furthermore, the nutritional quality of feed is enhanced since segrega-
tion of the diet ingredients is eliminated in pellets and ingredients are of higher digestibility
due to the thermic process which results in gelatinization of starch and denaturation of pro-
tein.

The increase of temperature and moisture content of mash feed is crucial before
pellet press in order to obtain a product with proper physical quality. The process of
conditioning, in which the particles of feed are subjected to mixing while moisture and
heat are applied through the addition of steam and water, is therefore paramount for fi-
nal quality of pellets. Feed pellets are agglomerated products in which ingredients of
various particle sizes and water are bound together [56]. The binding between particles
can occur through solid bridges, where molecules of different particles come in direct
contact and interact. This occurs when pressure is applied during pelleting and the dis-
tance between particles is decreasing [55]. The binding is also possible through liquid
bonds or better defined as liquid bridges. For the formation of liquid bridges, water is
essential, thus liquid bridges are the reason why the addition of water in the conditioning
process is so important. Besides water, viscous liquids such as molasses may contribute
to the formation of liquid bridges. Upon cooling of pellets water from liquid bridges
evaporates, leaving dry particles that form solid bridges and create strong bond [55]. If
molasses is present in the pelleted diet, then the cooling process results in a glass-like
formation, which has strong binding properties. This formation occurs due to recrystal-
lization of sugar from molasses when water is removed [57]. The solubilized sugar pre-
sented in molasses may have positive effects on pellet hardness and durability. There-
fore, adding molasses in mixer or in a conditioner together with steam may aid compac-
tion of particles during the pelleting process [52]. In the study by Dunmire [58], liquid
sugar cane molasses was used as a substitute for whey permeate in nursery pig diets at a
level of 9.4% significantly improved pellet durability and reduced amount of fines after
the pelleting process. As far as the authors of this review are aware, there is no literature
that investigates the influence of addition of soybean molasses in animal feed diets on the
pelleting process and pellet quality. The authors assume that the high sugar content
present in soybean molasses would act as a binder of particles if present in pelleted diets.
As it is reviewed in a study by Thomas et al. [55], the addition of cane and beet molasses
in diets provided not just more durable pellets but improved specific capacity of pellet
press. Therefore, the assumption is that soybean molasses would also have the same ef-
fects on pelleting process and physical quality of obtained pellets.

4.2. Soybean Molasses as a Feed Ingredient
4.2.1. Use of Soybean Molasses in Ruminant Diets

Soybean molasses can be used in making silage, by preserving, packing, and com-
pacting it in a bunker or silo. Under these conditions, the living cells quickly consume the
oxygen entrapped in the mass and release carbon dioxide, which prevents the growth of
moulds. Moreover, the addition of molasses provides a source of sugars for the acid
formic bacteria which generally improve the value of silage [59]. Soybean molasses
showed a good potential to be used in liquid feed diets for ruminants because it provides
multiple beneficial effects on animals. Firstly, it can reduce dustiness of concentrates and
total mixed rations and prevent selective consumption of diet compounds, thereby pre-
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venting the occurrence of acidosis [60]. Soybean molasses can be used as a lick to stimu-
late appetite and condition of the animals. Because of its sweet taste, soybean molasses
enhances the taste and overall acceptance of coarse and less tasty bulky feedstuff, poor
quality damaged hay or pastures, and thus leads to increased consumption of dry matter
of meal [61]. Additionally, in ruminants, soybean molasses might affect growth and
performance increasing, mainly ruminal fiber digestibility that leads to greater dry mat-
ter intake [60-63]. These effects have been reported in sheep fed basic diet supplemented
with 2%, 5%, and 8% soybean molasses [64,65]. Schultz and co-workers [66] evaluated the
effect of sheep supplementation with soybean molasses on feed intake, digestibility,
feeding behavior and metabolic profile. These results have been confirmed in subsequent
studies, in which soybean molasses was added to a basal corn silage diet at increasing
concentration levels (0, 3, 6, 9%) up to 12% in the dry matter. It was found that crude
protein intake increased proportionally with the increase in soybean molasses, which,
therefore, was a protein delivery medium in the diet. Moreover, feed digestibility, feed
consumption behavior, and metabolic profile of sheep were not affected, indicating that
soybean molasses can be used successfully as a feed ingredient for sheep until 12% of the
daily ration without any risk of intoxication. The influence of soybean molasses on the
ruminal environment has been also investigated [67-71]. Sheep diet containing 0%, 15%,
or 30% soybean molasses (dry matter basis) increased proportionally ruminal pH and
decreased NH3-N concentration, thereby improving the ruminal fermentation. Further
effects have been reported in greenhouse gas production in feedlot sheep: the use of
soybean molasses up to 20% linearly decreased total gas and CH4 production and im-
proved feed efficiency [68].

Soybean molasses has been sought as a valuable feed ingredient in the diet for dairy
cows concerning the fact that it contains a significant amount of carbohydrates, which are
the most important source of energy in dairy cows’ diets accounting for 60-70% of the
total dry matter of the diet. The addition of soy molasses to the diet for dairy cows in-
creases the rate of carbohydrates, whose degradation provides energy for the develop-
ment of ruminal microorganisms and the host animal [69]. This leads to a higher intensity
of microbial protein synthesis from the available non-protein nitrogen. Sugars from
soybean molasses can improve the efficiency of rumen nitrogen utilization [70], reduce
the concentration of ammonia nitrogen in the liquid content of rumen, and increase milk
protein yield [71]. Adequate use (<15% per dry matterDM) of soybean molasses in the
dairy cows feeding can also affect the increase in butyrate production in rumen, which
enhances blood flow through the rumen epithelium. It may result in a more rapid trans-
fer of volatile fatty acids from epithelial cells to the bloodstream and an increase in the
ruminal pH value [72]. It was reported that soybean molasses can be successfully used in
consumed total mixed rations for lactating dairy cows as a source of fast fermentable
carbohydrates in rumen, without any impact on rumen pH [73].

Soybean molasses was compared to soybean meal and included as a feed ingredient
to finishing diets for steers which contained either flaked corn or a combination of
high-moisture corn and dry-rolled corn [74-76]. Thus, in beef cattle, it has been found
that soybean molasses can increase feed intakes and daily gain and the main reason for
that has been attributed to its proteins and energy contents. The influence of soybean
molasses on in vitro ruminal fermentation of the finishing diet for steers was also evalu-
ated [75]. Combining these results, it can be suggested that diets containing soybean
molasses up to 15% can be used in ruminant species without negative effects on ruminal
fermentation and performance.

4.2.2. Use of Soybean Molasses in Pig Diets

Although there are no papers dealing with the use of soybean molasses in feed for
pigs, this alternative feed ingredient has a promising potential to be included in the pig
diet as an energy source since pigs are able to digest the oligosaccharides present in
soybean molasses. Stachyose and raffinose being highly distributed in soybean molasses
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were completely fermented by the hindgut bacteria of the weanling pig [77]. The incor-
poration of soybean molasses at a certain level in feed has the potential to improve
growth performance and alleviate the adverse effect of heat stress in growing pigs [78].
Molasses has a laxative effect on animals when used at high levels in diets for pigs, es-
pecially those for young pigs may cause diarrhea [79]. The digestive disturbances and
laxative effect of molasses are often attributed to a high concentration of potassium ions
present in the molasses, which may disturb electrolyte balance and increase osmotic
pressure [80]. Therefore, it is expected that soybean molasses could be included in feed for
young pigs at a lower level, while adult or near-adult pigs could tolerate a higher level of
molasses incorporation.

4.2.3. Use of Soybean Molasses in Poultry Diets

There are no published studies on the use of soybean molasses in poultry nutrition
to date. However, soybean molasses has the potential to be added to the diet for poultry
but at a lower level compared to diets for ruminants and pigs. Molasses is commercially
included in poultry rations at the level of 5%. The use of soybean molasses is limited be-
cause higher inclusion levels can cause toxicity and laxative effects in chickens [81].
However, the inclusion of soybean molasses in a smaller amount could improve feed
consumption and animal performance in broilers and layers [81].

4.2.4. Use of Soybean Molasses in Fish Diets

The inclusion of soybean molasses into aquaculture nutrition showed to be restric-
tive because higher inclusion levels (>10%) had a detrimental effect on nutrient digesti-
bility and caused morphological changes in the distal intestine of salmon. Namely, Olli
and Krogdahl [30] studied the effect of the addition of soybean molasses at different lev-
els (5%, 10%, 15%, and 20%) in a fish meal-based diet for Atlantic salmon (Salmo salar L.)
on nutrient digestibility. It was found that the digestibility of fat was significantly re-
duced from 86% to 76% with increasing the inclusion level (>10%) of soybean molasses,
whereas digestibility of protein and dry matter were not significantly affected. The in-
clusion of soybean molasses into the salmon diet had a more severe effect on the digesti-
bility of saturated- and monounsaturated fatty acids than those of polyunsaturated fatty
acids. In fact, the digestibility of C16:0 fatty acid was influenced at the inclusion level
>10%, and of C20:1 and C22:1 when soybean molasses was added at the level >15%. At the
inclusion level of 20%, the digestibility of C20:1 and 22:1 was reduced by approximately
20% and 30%, respectively. No changes in the digestibility of C20:5 and C22:6 were ob-
served with the addition of soybean molasses. The effects of soybean molasses were
dose-dependent which indicated that lower inclusion concentration was preferable in
order to not deliver negative effects on fish. In another study, the inclusion of soybean
molasses in the diet for Atlantic salmon caused the development of morphological alter-
ations in the distal intestine [82]. In the experiment, salmon weighing 145 g were kept in
seawater and fed diet containing 15% of soybean molasses. The morphological changes
observed in the distal intestine in salmon were reflected in a significant decrease of en-
terocytes or absence of absorptive vacuoles and enlarged and hypercellular stroma. The
influence of soybean molasses inclusion in the diet for salmon on enteritis-like alterations
in the distal intestine was also confirmed by Krogdahl et al. [31]. In that study, soybean
molasses caused increased levels of both lysozyme and IgM measured in the mid and distal
intestinal mucosa, indicating inflammatory response that could cause increased susceptibil-
ity to furunculosis.

Soybean molasses contains components that might affect the digestibility of fat,
cause enteritis in the distal intestine of salmon, and show the same signs of inflammation
as fish fed soybean meal. Olli and Krogdahl [30] suggested that saponins from molasses
may interact with cholesterol and with bile salt, which is necessary for fat digestion and
consequently reduced fat digestibility. In order to trace the causative components for
soybean molasses-induced enteritis in Atlantic salmon, Knudsen et al. [83] separated
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soybean molasses into three sub-fractions (butanol phase, precipitate, and water phase)
using water-saturated n-butanol. Fish fed soybean molasses exhibited the same altera-
tions in histological parameters (vacuoles, lamina propria, connective tissue, and muco-
sal folds) as fish fed combination of butanol phase and precipitate. The authors discov-
ered that saponins were causative compounds for enteritis in salmon because they were
the only quantified compounds being split between the precipitate and the butanol
phase. It was suggested that saponins alone or saponins in combination with the gut
microflora or antigenic soybean proteins triggered the inflammatory reaction in the distal
intestine of salmon. Moreover, soybean molasses still induced enteritis after being pro-
cessed with n-butanol at 70°C for more than 1 h, which indicated that causative compo-
nents in molasses could withstand alcohol treatment at elevated temperatures.

Even though research indicated that saponins from soybean molasses can cause
soybean-induced enteritis in salmonids, Krogdahl and Bakke [33] concluded that sapo-
nins when pure compound will not cause enteritis in a concentration below 2 g/kg unless
mixed with other plant materials (e.g., lupin kernel meal or pea protein concentrate) in
the diet. Therefore, cautions should be taken when mixing plant ingredients containing
saponins, especially legumes, in diets for farmed fish. According to Francis [84], the
concentration of saponins below 1 g/kg of diet is considered safe and unlikely to affect
the growth performance of common culture fish.

5. Limitations of Commercial Application of Soybean Molasses in Animal Nutrition

The major challenge for the application of soybean molasses is its form of storage
and delivery. It is mostly stored in bulk containers and that presents the issue for some
small animal feed producers that lack storage space in their mills. Relatively short
shelf-life of soybean molasses (6-12 months according to manufacturers) may also pose
an issue for the feed producers when it is not regularly used in diets [16]. Just like other
liquid feed ingredients, soybean molasses has to be well mixed with other feed com-
pounds in order to reduce selective consumption by animals, feed intake, and occasional
decrease in rumen pH [16]. The utilization of soybean molasses in animal feeding might
be limited because overconsumption of molasses could cause laxative effects in mo-
nogastric animals. However, soybean molasses has a lower viscosity than other molasses
which are obtained as a by-product of the sugar industry (beet and cane molasses), which
significantly facilitates its manipulation and application in animal feed especially during
the winter months [73]. Even so, soybean molasses is still a viscous and sticky liquid that
must be uniformly added into the mixer during feed production by spraying through the
nozzle. Otherwise, it can create lumps in mash feed which can negatively influence diet
homogeneity or pellet quality, and it also requires frequent cleaning since it can create
build-ups in mixer or pellet die and, therefore, increase wear of the equipment [58].

6. Conclusions

The reduction of biomass waste from the agro-food industry and its efficient valor-
ization is a key factor contributing to the sustainability of the livestock sector. The
knowledge about soybean molasses valorization in animal diets has notably increased in
recent years. In animal nutrition, soybean molasses may serve as a pelleting aid during
feed production. Additionally, it is considered a rich source of energy and phytochemi-
cals, and its inclusion into animal diets not only can ameliorate the feed value and quality
but also can improve animal performance and health. Soybean molasses is still by far one
of the cheapest feed ingredients available to farmers, which justifies its application on
large scale as animal feed, especially for ruminants. Based on the literature, soybean
molasses has the greatest potential to be used in diets for ruminants, while up to now
there has been no documented research on soybean molasses application in diets for
monogastric animals regardless of the fact that it could be included at smaller levels.
Taking into account the many benefits of using soybean molasses in animal nutrition,
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further research of this alternative feed ingredient is needed to expand and stimulate its
efficient use in a clean and sustainable way.

Author Contributions: Conceptualization, data curation, writing—original draft, writing—review
and editing, S.R.; data curation, writing—original draft, writing—review and editing, V.B.; data
curation; writing—review and editing, O.D.; writing—review and editing, F.C.; funding acquisi-
tion, conceptualization, writing—original draft, writing—review and editing, L.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the Italian Ministry of Foreign Affairs through Project
Grande Rilevanza IT-RS -SUN- RS19GR01.

Institutional Review Board Statement: Not applicable

Acknowledgments: This work is a part of the project Grande Rilevanza IT-RS-SUN- RS19GR01
financed by Italian Ministry of Foreign Affairs and project number 451-03-68/2020-14/200222
funded by the Ministry of Education, Science and Technological Development of the Republic of
Serbia.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Vision Paper towards European Research and Innovation for a Sustainable and Competitive Livestock Production Sector in
Europe. Animal Task Force. 2019. Available online: http://animaltaskforce.eu/Portals/0/ATF_Vision_Paper_2019.pdf (accessed
on 16 February 2019).

Food and Agriculture Organization of the United Nations (FAO). Global Food Losses and Food Waste—Extent, Causes and
Prevention. Available online: http://www.fao.org/3/ai2697e.pdf (accessed on 4 May 2011).

Seas at Risk. Priorities for Environmentally Responsible Aquaculture in the EU—Joint NGO Paper. Proc. of the Workshop
Brussels. 2014. Available online:
https://seas-at-risk.org/images/pdf/archive/2014/Joint_ NGO_position_paper_-_aquaculture_-_FINAL_15_August_2014.pdf
(accessed on 15 August 2014).

WWEF Mediterranean Marine Initiative. Reviving the Economy of the Mediterranean Sea: Actions for a Sustainable Future.
Available online: https://wwfeu.awsassets.panda.org/downloads/reviving_mediterranean_sea_economy_full_rep_lowres.pdf
(accessed on 1 September 2017).

FAO. World Livestock: Transforming the Livestock Sector through the Sustainable Development Goals; FAO: Rome, Italy, 2018; p. 222.
Colovié, D.; Rakita, S.; Banjac, V.; Duragi¢, O.; (Vlabarkapa, I. Plant food by-products as feed: Characteristics, possibilities,
environmental benefits, and negative sides. Food Rev. Int. 2019, 35, 363-389, doi:10.1080/87559129.2019.1573431.

Carvalho, V.B.; Leite, R.F.; Almeida, M.T.C.; Paschoaloto, ]J.R.; Carvalho, E.B.; Lanna, D.P.D.; Perez, H.L.; van Cleef, EH.C.B.;
Homem Junior, A.C,; Ezequiel, ] M.B. Carcass characteristics and meat quality of lambs fed high concentrations of crude
glycerin in low-starch diets. Meat Sci. 2015, 110, 285-292.

R66s, E.; Patel, M.; Spangberg, J.; Carlsson, G.; Rydhmer, L. Limiting livestock production to pasture and by-products in a
search for sustainable diets. Food Policy 2016, 58, 1-13, d0i:10.1016/j.foodpol.2015.10.008.

Parisi, G.; Tulli, F.; Fortina, R.; Marino, R.; Bani, P.; Zotte, A.D.; De Angelis, A.; Piccolo, G.; Pinotti, L.; Schiavone, A.; et al.
Protein hunger of the feed sector: The alternatives offered by the plant world. Ital. J. Anim. Sci. 2020, 19, 1205-1227,
doi:10.1080/1828051X.2020.1827993.

Gasco, L.; Acuti, G.; Bani, P.; Zotte, A.D.; Danieli, P.P.; De Angelis, A.; Fortina, R.; Marino, R.; Parisi, G.; Piccolo, G.; et al. In-
sect and fish by-products as sustainable alternatives to conventional animal proteins in animal nutrition. Ital. ]. Anim. Sci. 2020,
19, 360-372, d0i:10.1080/1828051X.2020.1743209.

Pinotti, L.; Manoni, M.; Fumagalli, F.; Rovere, N.; Luciano, A.; Ottoboni, M.; Ferrari, L.; Cheli, F.; Djuragic, O. Reduce, reuse,
recycle for food waste: A second life for fresh-cut leafy salad crops in animal diets. Animals 2020, 10, 1-14,
d0i:10.3390/ani10061082.

Ottoboni, M.; Tretola, M.; Luciano, A.; Giuberti, G.; Gallo, A.; Pinotti, L. Carbohydrate digestion and predicted glycemic index
of bakery/confectionary ex-food intended for pig nutrition. Ital. ] Anim. Sci. 2019, 18, 838-849,
doi:10.1080/1828051X.2019.1596758.

Salami, S.A.; Luciano, G.; O’Grady, M.N.; Biondi, L.; Newbold, CJ.; Kerry, J.P.; Priolo, A. Sustainability of feeding plant
by-products: A review of the implications for ruminant meat production. Anim. Feed. Sci. Technol. 2019, 251, 37-55.

Speedy, A.W. Overview of World Feed Protein Needs and Supply. In FAO: Protein Sources for the Animal Feed Industry; Expert
Consultation and Workbook: 2004; Rome, Italy, pp. 9-29.

Luciano, A.; Tretola, M.; Ottoboni, M.; Baldi, A.; Cattaneo, D.; Pinotti, L. Potentials and challenges of former food products
(food leftover) as alternative feed ingredients. Animals 2020, 10, 125, doi:10.3390/ani10010125.



Animals 2021, 11, 514 13 of 15

16.

17.

18.

19.

20.

21.
22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Rodrigues, J.L.; Pereira-Junior, S.A.G.; Castro-Filho, E.S.; Costa, R.V.; Barducci, R.S.; van Cleef, E.H.C.B.; Ezequiel, ].M.B. Ef-
fects of elevated concentrations of soybean molasses on feedlot performance and meat quality of lambs. Livest. Sci. 2020, 240,
104155, doi:10.1016/j.livsci.2020.104155.

Siqueira, P.F.; Karp, S.G.; Carvalho, J.C.; Sturm, W.; Rodriguez-Ledn, J.A.; Tholozan, J.L.; Singhania, R.R.; Pandey, A.; Soccol,
C.R. Production of bio-ethanol from soybean molasses by Saccharomyces cerevisiae at laboratory, pilot and industrial scales. Bi-
oresour. Technol. 2008, 99, 81568163, doi:10.1016/j.biortech.2008.03.037.

Long, C.C.; Ribbons, W.R. Conversion of soy molasses, soy solubles, and dried soybean carbohydrates into ethanol. Int. J.
Agric. Biol. Eng. 2013, 6, 62-68, d0i:10.3965/j.ijabe.20130601.006.

Schopf, N.; Erbino, P.; Puvogel, A. Alternative fuels: Energetic use of liquid by-products from sugar and soy processing. Sugar
Tech. 2014, 16, 333-338, d0i:10.1007/s12355-013-0291-0.

Chajuss, D. Soy molasses: Processing and utilization as a functional food. In Soybeans as Functional Foods and Ingredients; Liu,
K., Ed.; AOCS Press, Champaign, Illinois, USA, 2004; pp. 212-219.

Chajuss, D. Topical Application of Soy Molasses. U.S. Patent 5,871,743, 16 February 1999.

Karp, S.G.; Woiciechowski, A.L.; Letti, L.A.].; Soccol, C.R. Bioethanol from soybean molasses. In Green Fuels Technology; Soccol,
C.R,, Brar, S.K,, Faulds, C., Ramos, L.P., Eds.; Springer International Publishing, Switzerland, 2016; pp. 241-254.

Chajuss, D. Soy Phytochemical Composition. U.S. Patent 2002/0119208A1, 29 August 2002.

Da silva, F.B.; Romao, B.B.; Cardoso, V.L.; Filho, U.C.; Ribeiro, E.J. Production of ethanol from enzymatically hydrolyzed
soybean molasses. Biochem. Eng. ]. 2012, 69, 61-68, d0i:10.1016/j.bej.2012.08.009.

Letti, L.A.J.; Karp, S.G.; Woiciechowski, A.L.; Soccol, C.R. Ethanol production from soybean molasses by Zymomonas mobilis.
Biomass Bioenerg. 2012, 44, 80-86, d0i:10.1016/j.biombioe.2012.04.023.

Loman, A.A.; Ju, Lu-Kwang. Soybean carbohydrate as fermentation feedstock for production of biofuels and value-added
chemicals. Process Biochem. 2016, 51, 1046-1057, doi:10.1016/j.procbio.2016.04.011.

Romao, B.B.; da Silva, F.B.; de Resende, M.M.; Cardoso, V.L. Ethanol production from hydrolyzed soybean molasses. Energy
Fuels 2012, 26, 2310-2316, doi:10.1021/ef201908;.

INRAE-CIRAD-AFZ Feed tables: composition and nutritive values of feeds for cattle, sheep, goats, pigs, poultry, rabbits,
horses and salmonids. Available online: https://www.feedtables.com/content/soybean-molasses (accessed on 1 September
2017).

Chajuss, D. A Novel Use of Soy Molasses. Israel Patent 115,110, 8 December 1995.

OIli, J.J.; Krogdahl, A. Alcohol soluble components of soybeans seem to reduce fat digestibility in fish-meal-based diets for
Atlantic salmon, Salmo salar L. Aquac. Res. 1995, 26, 831-835, doi:10.1111/j.1365-2109.1995.tb00876.x.

Krogdahl, A Bakke-Mckellep, A.M.; Roed, K.H.; Baeverfjord, G. Feeding Atlantic salmon Salmo salar L. soybean products:
Effects on disease resistance (furunculosis), and lysozyme and IgM levels in the intestinal mucosa. Aquac. Nutr. 2000, 6, 77-84,
doi:10.1046/j.1365-2095.2000.00129.x.

Messina, M. Legumes and soybeans, overview of their nutritional profiles and health effects. Am. J. Clin. Nutr. 1999, 70, 439—
450, d0i:10.1093/ajcn/70.3.439s.

Krogdahl, A.; Bakee, A.M. Antinutrients. In Dietary Nutrients, Additives, and Fish Health; Lee, C.S., Lim, C., Gatlin, D.M,, 1II,
Webster, C.D., Eds.; Wiley Blackwell: New Jersey, USA, 2015; pp. 212-236.

Hosny, M.; Rosazza, ].P.N. Novel isoflavone, cinnamic acid, and triterpenoid glycosides in soybean molasses. ]. Nat. Prod.
1999, 62, 853-858, d0i:10.1021/np980566p.

Plewa, M.].; Wagner, E.D.; Kirchoff, L.; Repetny, K.; Adams, L.C.; Rayburn, A.L. The use of single cell gel electrophoresis and
flow cytometry to identify antimutagens from commercial soybean byproducts. Mutat. Res. 1998, 402, 211-218,
doi:10.1016/S0027-5107(97)00299-6.

Berhow, M.A.; Wagner, E.D.; Vaughn, S.F.; Plewa, M.]. Characterization and antimutagenic activity of soybean saponins.
Mutat. Res. 2000, 448, 11-22, d0i:10.1016/S0027-5107(99)00225-0.

Liener, LE. Implications of antinutritional components in soybean foods. Crit. Rev. Food Sci. Nutr. 1994, 34, 31-67,
doi:10.1080/10408399409527649.

Smith, B.N.; Dilger, R.N. Immunomodulatory potential of dietary soybean-derived isoflavones and saponins in pigs. J. Anim.
Sci. 2018, 96, 1288-1304, d0i:10.1093/jas/sky036.

Francis, G.; Kerem, Z.; Makkar, H.P.S.; Becker, K. The biological action of saponins in animal systems: A review. J. Nutr. 2002,
88, 587-605, doi:10.1079/BJN2002725.

Couto, A.; Kortner, T.M.; Penn, M.; Bakke, A.M.; Krogdahl, A.; Oliva-Teles, A. Effects of dietary soy saponins and phytoster-
ols on giltheadsea bream (Sparus aurata) during the on-growing period. Anim. Feed Sci. Technol. 2014, 198, 203-214,
doi:10.1016/j.anifeedsci.2014.09.005.

Waggle, H.; Bryan, B.A. Recovery of Isoflavones from Soy Molasses. U.S. Patent, 6,083,553, 4 July 2000.

Munro, I.C.; Harwood, M.; Hlywka, ].J.; Stephen, A.M.; Doull, J.; Flamm, W.G.; Adlercreutz, H. Soy isoflavones: A safety
review. Nutr. Rev. 2003, 61, 1-33, doi:doi.org/10.1301/nr.2003.janr.1-33.

Kuhn, G.; Hennig, U.; Kalbe, C.; Rehfeldt, C.; Ren, M.Q.; Moors, S.; Degen, G.H. Growth performance, carcass characteristics
and bioavailability of isoflavones in pigs fed soy bean based diets. Arch. Anim. Nutr. 2004, 58, 265-276,
doi:10.1080/00039420412331273295.



Animals 2021, 11, 514 14 of 15

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Cook, D.R. The Effect of Dietary Soybean Isoflavones on the Rate and Efficiency of Growth and Carcass Muscle Content in
Pigs and Rats. Ph.D. Thesis, Iowa State University, Ames, IA, USA, 1998.

Payne, R.L.; Bidner, T.D.; Southern, Geaghan, J.P.. Effects of dietary soy isoflavones on growth, carcass traits, and meat quali-
ty in growing-finishung pigs. J. Anim. Sci. 2001, 79, 1230-1239, d0i:10.2527/2001.7951230x.

Oipeng, H.; Peihua, Z.; Ling, L. The main active components of soybean molasses and its influences on ruminants. China Feed
2015, 18, d0i:0.15906/j.cnki.cn11-2975/5.20151803.

Jiang, Z.Y; Jiang, S.Q.; Lin, Y.C.; Xi, P.B.; Yu, D.Q.; Wu, T.X. Effects of soybean isoflavone on growth performance, meat qual-
ity, and antioxidation in male broilers. Poult. Sci. 200t, 86, 1356-1362, d0i:10.1093/ps/86.7.1356.

Sahin, N.; Onderci, M.; Balci, T.A.; Cikim, G.; Sahin, K.; Kucuk. O. The effect of soy isoflavones on egg quality and bone min-
eralisation during the late laying period of quail. Br. Poult. Sci. 2007, 48, 363-369, d0i:10.1080/00071660701341971.

Gu, M;; Gu, ].N,; Penn, M.; Bakke, A.M.; Lein, I.; Krogdahl, A. Effects of diet supplementation of soya-saponins, isoflavones
and phytosterols on Atlantic salmon (Salmo salar L.) fry fed from start-feeding. Agquac. Nutr. 2014, 21, 604-613,
doi:10.1111/anu.12187.

Zhong, Y.; Zhao, Y. Chemical composition and functional properties of three soy processing by-products (soy hull, okara and
molasses). Qual. Assur. Saf. Crop. 2015, 7, 651-660, doi:10.3920/QAS2014.0481.

Kennedy, A.R.; Szuhaj, B.F. Bowman-Birk Inhibitor Product for Use as an Anticarcinogenesis Agent. U.S. Patent 5,338,547, 11
May 1994.

Thomas, M.; van der Poel, A.F.B. Fundamental factors in feed manufacturing: Towards a unifying conditioning/pelleting
framework. Anim. Feed Sci. Technol. 2020, 268, 114612, doi:10.1016/j.anifeedsci.2020.114612.

Svihus, B. The gizzard: Function, influence of diet structure and effects on nutrient availability. Worlds Poult. Sci. . 2011, 67,
207-224.

Larsen, M.; Lund, P.; Storm, A.C.; Weisbjerg, M.R. Effect of conventional and extrusion pelleting on postprandial patterns of
ruminal and duodenal starch appearance in dairy cows. Anim. Feed Sci. Technol. 2019, 253, 113-124,
doi:10.1016/j.anifeedsci.2019.04.012.

Thomas, M.; van der Poel, A.F.B. Physical quality of pelleted animal feed 1. Criteria for pellet quality. Anim. Feed Sci. Technol.
1996, 61, 89-112, d0i:10.1016/0377-8401(96)00949-2.

Aarseth, K.A.; Prestlokken, E. Mechanical Properties of Feed Pellets: Weibull Analysis. Biosyst. Eng. 2003, 84, 149-361,
doi:10.1016/S1537-5110(02)00264-7.

Thomas, M.; van Vliet, T.; van der Poel, A.F.B. Physical quality of pelleted animal feed 3. Contribution of feedstuff compo-
nents. Anim. Feed Sci. Technol. 1998, 70, 59-78, doi:10.1016/S0377-8401(97)00072-2.

Dunmire, K.M. Effects of Adding Liquid Lactose or Molasses to Pelleted Swine Diets on Pellet Quality and Pig Performance.
Master’s Thesis, Texas A&M University, Bizzell St, TX, USA, 2017.

Creasby, T.G. The feeding value of molasses. In Proceedings of the South African Sugar Technologists’ Association, Durban,
South Africa, 5 April 1963.

Shaver, R.D. Recent applications of liquid feed supplements in rations for lactating dairy cows. Prof. Anim. Sci. 2001, 17, 17-19,
doi:10.15232/51080-7446(15)31590-4.

Broderick, G.A.; Radloff, W.]. Effect of molasses supplementation on the production of lactating dairy cows fed diets based on
alfalfa and corn silage. J. Dairy Sci. 2004, 87, 2997-3009, doi:10.3168/jds.50022-0302(04)73431-1.

Chen, L, Li, B;; Ren, A.; Kong, Z.; Zhou, C.; Tan, Z.; Tang, S.; Fang, R. Effect of soybean molasses-adsorbents on in vitro ru-
minal fermentation characteristics, milk production performance in lactating dairy cows. BioRxiv 2018, doi:10.1101/496224.
Mileti¢, A.; Stojanovi¢, B.; Grubi¢, G.; Stoji¢, P.; Radivojevi¢, M.; Joksimovi¢-Todorovi¢, M.; Popovac, M.; Obradovi¢, S. The
soybean molasses in diets for dairy cows. Mljekarstvo 2017, 67, 217-225, doi:10.15567/mljekarstvo.2017.0306.

Qunshan, M.; Rongzhi, Y.; Dejiang, T. Effect of diet supplemented with soybean molasses on mutton sheep growth. J. Hei-
longjiang August First Land Reclam. Univ. 2008, 20, 63-65.

Li, G.-H,; Ling, B.-M.; Qu, M.-R;; You, J.-M.; Song, X.-Z. Effects of several oligosaccharides on ruminal fermentation in sheep:
An in vitro experiment. Rev. Méd. Vét. 2011, 162, 192-197.

Schultz, E.; Macedo Janior, G.; Paula, C.; Ferreira, I. Soybean molasses. Bull. Anim. Husb. 2020, 77, 1-8,
doi:10.17523/bia.2020.v77.€1474.

Pereira-Junior, S.A.G.; Torrecilhas, J.A.; Castro-Filho, E.S.; Costa, R.V.; Bertoco, J.P.A.; Feliciano, A.L.; Rodrigues, J.L.; Galati,
R.L.; van Cleef, E.H.C.B.; Ezequiel, ] M.B. PSIX-10 The replacement of corn by soybean molasses improves ruminal environ-
ment of feedlot sheep. J. Anim. Sci. 2019, 97 (Suppl. S3), 396, doi:10.1093/jas/skz258.790.

Van Cleef, F.; van Cleef, E.; Almeida, M.; Paschoaloto, J.; Castro, E.; Barducci, R.; Soragni, G.; Zampieri, E.; Ezequiel, J. PSI-13
In vitro digestibility and gas production of diets containing different levels of soybean molasses for feedlot sheep. J. Anim. Sci.
2018, 96 (Suppl. S3), 63, d0i:10.1093/jas/sky404.139.

National Research Council. 2001. Nutrient Requirements of Dairy Cattle: Seventh Revised Edition. 2001. The National Acad-
emies Press, Washington, DC. Available online: https://books.google.rs/books?ISBN=0309515211 (accessed on 9 February
2001).

Sniffen, C.J.; O’Connor, ].D.; Van Soest, P.J.; Fox, D.G.; Russel, ].B. Net carbohydrate and protein system for evaluating cattle
diets: I carbohydrate and protein availability. . Anim. Sci. 1992, 70, 3562-3577, d0i:10.2527/1992.70113562x.



Animals 2021, 11, 514 15 of 15

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Sannes, R.A.; Messman, M.A.; Vagnoni, D.B. Form of rumen degradable carbohydrate and nitrogen on microbial protein
synthesis and protein efficiency of dairy cows. J. Dairy Sci. 2002, 85, 900-908, doi:10.3168/jds.S0022-0302(02)74148-9.

Martel, C.A,; Titgemeyer, E.C.; Mamedova, L.K.; Bradford, B.]. Dietary molasses increases ruminal pH and enhances ruminal
biohydrogenation during milk fat depression. J. Dairy Sci. 2011, 94, 39954004, doi:10.3168/jds.2011-4178.

Mileti¢, A. Efekti KoriS¢enja Sojine Melase U Obrocima Za Krave U Laktaciji. Ph.D. Thesis, University of Belgrade, Faculty of
Agriculture in Belgrade, Belgrade, Serbia, 2018. (In Serbian)

Drouillard, ].S.; Schoenholz, C.K.; Hunter, R.D.; Nutsch, T.A. Soy molasses as a feed ingredient for finishing cattle. Cattlemen’s
Day 1999, 89-92, d0i:10.4148/2378-5977.1861.

Soares, L.C.B.; Sampaio, F.C.; Tobaldini, M.; de Souza, ].M.; Machado, V.A; Fidelis, A.; Pereira, D.H.; Batista, E.D. The Effect
of Soybean Molasses on In Vitro Ruminal Fermentation of Corn Silage-Based Feedlot Finishing Diet. In Proceedings of the
28th Congresso Brasileiro de Zootecnia, Brasil. 2018. Available online:
http://www.adaltech.com.br/anais/zootecnia2018/resumos/trab-1434.pdf (accessed on 1 September 2018).

Dos Santos Fidelis, A.; Sampaio, F.C.; Tobaldini, M.; de Souza, ].M.; Machado, V.A.; Soares, L.C.B.; Pereira, D.H.; Batista, E.D.
Effects of Increasing Levels of Soybean Molasses as Replacement of Ground Corn in Sugarcane Bagasse-Based Diets on In
Vitro Gas Production. In Proceedings of the 28th Congresso Brasileiro de Zootecnia, Brasil. 2018. Available online:
http://www .adaltech.com.br/anais/zootecnia2018/resumos/trab-1786.pdf (accessed on 1 September 2018).

Krause, D.O.; Easter, R.A.; Mackie, R.I. Fermentation of stachyose and raffinose by hind-gut bacteria of the weanling pig. Lett.
Appl. Microbiol. 1994, 18, 349-352, d0i:10.1111/j.1472-765X.1994.tb00887 .x.

Singh, N.M.; Singh, L.A.; Kumari, V.; Kadirvel, G.; Patir, M. Effect of supplementation of molasses (Saccharum officinarum) on
growth performance and cortisol profile of growing pig in north eastern hill ecosystem of India. ]J. Entomol. Zool. Stud. 2020, 8,
302-305.

Karamitros, D. Sugar beet molasses for growing and fattening pigs. Anim. Feed Sci. Technol. 1987, 18, 131-142,
doi:10.1016/0377-8401(87)90042-3.

Mavromichalis, I.; Hancock, J.D.; Hines, R.H.; Senne, B.W.; Cao, H. Lactose, sucrose, and molasses in simple and complex
diets for nursery pigs. Anim. Feed Sci. Technol. 2001, 93, 127-135, doi:10.1016/50377-8401(01)00287-5.

Elgilani, H.M. The Feeding Value of Sugar Cane Molasses in Broiler Diets. Master’s Thesis, University of Khartoum, Khar-
toum, Sudan, 2007.

Van den Ingh, T.5.G.A.M; OIli, J.J.; Krogdahl, A. Alcohol-soluble components in soybeans cause morphological changes in
the distal intestine of Atlantic salmon, Salmo salar L. J. Fish Dis. 1996, 19, 47-53, doi:10.1111/j.1365-2761.1996.tb00119.x.
Knudsen, D.; Urdn, P.; Arnous, A.; Koppe, W.; Frekieer, H. Saponin-containing subfractions of soybean molasses induce en-
teritis in the distal intestine of Atlantic salmon. . Agric. Food Chem. 2007, 55, 2261-2267, doi:10.1021/jf0626967.

Francis, G.; Makkar, H.P.S.; Becker, K. Antinutritional factors present in plant-derived alternate fish feed ingredients and their
effects in fish. Aquaculture 2001, 199, 197-227, doi:10.1016/S0044-8486(01)00526-9.



