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INTRODUCTION

The most recent comprehensive literature review on the feeding of molasses to beef cattle
was an annotated bibliography by Scott in 1953. During the last 30 years a large quantity of
information has been published on the use of molassesin cattie diets. It indudes fundamentd data
obtained with new research techniques which give a better understanding of the metabolism of
molassesin the rumen, and feeding trial datawhich have better identified the response of cattle fed
diets containing mol asses.

Also, recent devel opments have compleely revolutionized beef cattle feeding. The use of
formulated liquid feeds, non-protein nitrogen and high-concentrate finishing dietsare major feeding
practicesfully developed over thelast three decades and ofteninvolve the use of molasses. During
thissame period, previously untried methods using mol asses asthe major energy ingredientin diets
for growing and fattening beef cattle have been developed and eval uated.

EFFECT OF MOLASSES ON RUMEN METABOLISM
Rumen Microorganisms

In 1945, Bortree et al., reported that the addition of 1.3 kg daily of gucose to the diet of
cattle fed hay increased the number of bacteriain rumen contents about 100%. The addition of a
similar quantity of starch did not change the number of bacteriafrom that obtained with hay alone.
L ater, Foreman and Herman (1953) found that gradient feedings of 0to 3.6 kg of canemolassesdaly
(up to 35% of the diet) to cows fed a hay diet linearly increased the number of bacteriafrom 60 to
115 billion per ml of rumen contents. The two predominant bacteria types were single cocci and
short rods, both of, whichincreased withincreasing level sof molasses. Theshort rod shaped bacteria
were acknowledged as being capable of digesting cellulose, butit was noted that cellulose digestion
was reduced in diets containing the higher level s of molasses. Possibly this general classification of
bacteriaby shapewastoo broad sinceit hasbeen- shown that the supplementation of corn stak diets
with increasing levels of corn grain reduced the number of cellulytic bacteria in the rumen to an
extent which was carrel ated with the decrease in mass of cellulose digested (Henning et a., 1980)
Foreman and Herman (1953), reported that protozoa (ciliates) numbers decreased from
approximately 320 to 158 thousand per ml of rumen cortents when the level of molasses was
increased from 0 to 20% of the diet, but then increased to 323,000 per ml when the level of molasses
was further increased to 35% of thediet.

Cuban workers (Preston et al., 1967b; Eliaset a., 1968; Martin et al., 1968; Preston et al.,
1968; Eliaset al., 1967; 1969; Eliasand Preston 1969) studied the microbial populationintherumen
contents of cattle fed high-molasses diets and found bacterial numbers in the range of 80 to 160
billion per ml of rumen contents. The predominant protozoa were flagellates (200 to 500 thousand
per ml) and the ciliate Endodinium (60 to 460 thousand per ml). Smaller numbers of other ciliates,
Epidinium, Eudiplodinium, Isotricha, and Ostracodinium, were also identified.

Studying only rumen protozoa, Silvestre & al. (1977) did not dbserve a consistent trend in
the total protozoal population (measured by packed cell volume) or the numbers of Holotrichs
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(175,000 per ml) or Endodinia (34,000 per ml) intherumen fluid of cattlefed sugar canebased diets
containing from 10 to 50% molasses. Likewise, Bond et a., (1962) did not find a consistent
difference in the numbers or types of ciliates in the rumen contents of steersfed high energy diets
containing either sucrose or starch.

Elias (1978) isolated 169 strains of anaerobic gram positive bacteria classified into four
different groupsfromtherumen of cattlefed ahigh-molassesdiet. The bacteriaweredifferent from
those originating from traditional diets, but the data presented did not suggest any specific
relationships between these bacteria groups and the unique metabolism known to occur with
molasses based diets.

Preston (1982) referred to several studieswhich identified what appeared to be a sizeable
population of Methanosarcina bakerii in the rumen of cattle and sheep fed molasses diets. This
bacteria, by way of secondary fermentation, iscapabl e of transforming acetateto methane and carbon
dioxide. In sheep fed a molasses based diet, up to 14% of the ruminal acetate was apparently
oxidized when this organism was presert in large numbers.

A somewhat different microbial population would be expected in the rumen of cattle fed
diets containing molasses in view of the ruminal VFA pattern observed (to be discussed later) and
the substrate specific requirements of different rumen microorganisms (Hungate, 1966). The data
availablearetoo limited to really determineif thisis, infact, the case. Additional investigationsare
needed which compare different types of diets to those containing molasses, with a thorough
identification of the microbial population.

Rumen Volatile Fatty Acids (VFA) and pH

Belasco (1956) reported that quantities of dextrose addedto an artificial rumen medium of
cellulose and urea resulted in a substantial increase in the molar percentage of butyric acid, a
reduction in the percentage of acetic acid, and a slight deareasein the percentage of propionic acid.
These changesin VFA composition were very different from that obtained when starch was added
to themedium, whichresulted in anincreasein themolar percentage of propionic add at the expense
of areduction in the percentage of acetic acid, with very little change in the percentage of butyric
acid(Tablel). In subsequent studiesonintraruminal administration of glycogenic materials, Waldo
and Schultz (1960) noted that dosages of sucrose resulted in amuch lower level of acetic acid and
higher level of butyric acid than woud normally beobserved intherumenif cattlehad been feed the
forage used without sucrose (Table 1).

Sutton (1968) reported a similar responsewhen glucose and fructosewere infused into the
rumen of cows given a meadow hay diet, but not with xylose and arabinose as the infused sugars
When cowswere fed aflaked corn diet (Sutton, 1969), glucaose and fructoseinfusionsincreased the
molar percentage of butyric acid, but glucose reduced the percentage of acetic acid while fructose
reduced propionic acid. Additions of the five carbon sugars reduced the percentage of butyric acid
and increased propionic acid (Table 1). The results of the above studies with pure sugars suggest
that the feeding of molasses to cattle could affect the VFA pattern in the rumen.



Table 1. The Effect of Feeding Sugars or Molasses on Rumen Volatile Fatty Acids and pH

Reference Acetic Propionic  Butyric  Total VFA
and Treatment Acid Acid Acid mM/( pH
------------ molar percent----------—

Belasco (1956)

(in vitro studies)
Cedlulose-starch (1:1) 50.6 44.3 4.2 204.8
Cellulose-glucose (1:1) 38.9 37.0 16.6 140.3

Waldo and Schultz (1960)

intraruminal dosage of sucrose 49.3 26.4 24.3

Sutton (1968)

(Ruminal infusion,

200 g/h, hay diet)
Control 70.7 17.5 9.5 66.9 6.4
Glucose 57.1 21.9 18.8 814 6.1
Fructose 58.8 21.6 17.5 784 6.0
Xylose or Arabinose 66.7 22.8 9.1 79.2 6.0

Sutton (1969)

(Ruminal infusion,

200 g/h, flaked corn diet)
Control 52.6 29.2 12.7 62.5 6.6
Glucose 45.8 31.3 17.2 86.4 6.2
Fructose 49.9 22.7 20.3 68.8 6.0
Xylose or Arabinose 49.5 40.7 5.9 85.2 6.0

Martin and Wing (1966)

(Molasses subst. for corn)
Control 62.2 20.7 12.9 6.5
4.2% molasses 63.5 19.6 12.8 6.6
8.4% molasses 63.1 199 13.1 6.6
12.6% molasses 63.3 194 13.1 6.7

Owen et a., (1967)

(Sucrose subst. for corn)
Control 56.5 24.8 18.7 113.0 6.7
6% sucrose 53.6 26.7 19.7 106.0 7.0



Table 1. (Continued)

Reference Acetic Propionic  Butyric  Total VFA
and Treatment Acid Acid Acid mM/( pH
------------ molar percent----------—

Kellogg and Owen (1969)

(Sucrose subst. for corn)
Control 52.0 24.0 16.0 NE? NE
3% sucrose 53.5 195 19.0 NE NE
6% sucrose 52.0 22.0 19.0 NE NE
9% sucrose 53.5 19.0 225 NE NE

Batch and Beeson (1972)

(High grain fattening diet)
Control 58.8 22.0 11.3 85.7 6.6
5% molasses 56.3 22.5 8.1 88.4 6.6
10% molasses 63.0 20.1 13.6 99.2 6.5
15% molasses 56.6 179 14.5 90.4 6.6

Marty and Preston (1970)b

(Fattening bulls)
Alfafa 74.0 18.0 8.0 107.0
High grain 39.0 40.0 21.0 115.0
77% molasses 31.0 19.0 41.0 143.0

Reyes (1974)
Napiergrass 61.4 25.9 4.9 NE? NE
+1.5 kg molasses daily 60.4 24.8 10.6 NE NE
+3.0 kg molasses daily 62.1 20.1 15.8 NE NE
+4.5 kg molasses daily 60.1 22.2 12.7 NE NE

Olbrich and Wayman (1972)
60% corn - 0% sugar 48.9 33.3 14.2 6.7
40% corn - 16% sugar 46.2 30.9 155 6.8
20% corn - 32% sugar 46.7 284 15.9 7.0
0% corn - 48% sugar 42.9 214 24.9 6.7
55% molasses- 0% sugar 49.2 19.9 26.0 6.8
37% molasses-16% sugar 444 19.2 29.6 6.8
18% mol asses-32% sugar 49.6 19.0 24.1 6.8

Pierson and Otterby (1971)
AlfdfaHay 57.1 35.3 7.6
+2.3 kg sucrose daily 50.1 26.9 13.0
+4.1 kg sucrose daily 53.0 28.7 18.2
+5.1 kg sucrose dally 45.6 35.7 18.8



Table 1. (Continued)

Reference Acetic Propionic  Butyric  Total VFA
and Treatment Acid Acid Acid mM/( pH
------------- molar percent ---------—-
Silvestreet a., (1977)
(Sugarcane based diets)
11% molasses 48.2 35.8 16.0
50% molasses 51.9 23.3 24.9
Seibert (1978)
(Bagasse based diets)
36% corn meal 67.0 17.2 144 76.7 6.9
37% soybean hulls 69.6 18.5 104 78.9 7.0
38% raw sugar 52.8 205 24.1 75.1 6.9
Chappell and Fontenot (1968)
(cellulose based diets fed to sheep)
0% glucose-starch 57.1 35.3 7.6 837  ---
8% glucose-starch 50.1 36.9 13.0 1039  ---
16% glucose-starch 53.0 28.7 18.2 91.0 -
32% glucose-starch 45.6 35.7 18.8 116.1  ---
Bowman and Huber (1967)
Corn supplement 64.0 174 18.6 6.7
L actose supplement 56.8 16.6 23.3 7.0
Rumsey et d., (1971)
Pasture (orchard grass) 69.4 154 9.4 82.4 6.6
Pasture + 2kg molasses 64.6 20.0 124 84.3 6.4
Pasture + 2kg corn 55.3 28.8 104 75.8 6.4

@Tabular values not presented, but text indicated there was no effect (NE) of dietary treatment.

_ PValuesfor the molasses diets were determined during this study, but values for thealfalfaand
high grain diet were taken from other sources for use as a comparison.

Martin and Wing (1966) reported similar rumen VFA patterns in the rumen of fistulated
steers offered diets containing either 0, 4.2, 8.4, or 12.6% molasses (Table 1), with only a slightly
lower molar percentage of isovaleric acid in the rumen fluid of steers fed all diets containing
molasses. In aseriesof studies conducted to determine why alow level of molasses (10%) in dairy
dietsdepressed the efficiency of milk production, Nebraskaworkers(Owenetal., 1967; Kellogg and
Owen, 1969) reported that the addition of up to 9% sucrosein the diets of lactating cows resulted
in a significant increase in the molar percentage of butyric acid in the rumen, but there were no
consistent trendsin the percentages of acetic or propionic acids(Table 1). Hatch and Beeson (1972)
reported the same responsewhen 15% mol asseswas substituted for corn in ahigh concentrate steer

finishing diet (Table 1).



Several studies have shown that the feeding of diets containing high levels of molasses
drastically altered the rumen VFA pattern (Table 1). Marty and Preston (1970) reported that the
molar percentages of acetic, propionic and butyric acids were 31, 19 and 41%, respectively, in the
rumen fluid of growing bulls fed adiet containing 77% molasses, which were quite different from
molar proportions normdly found in the rumen of cattlefed hay or grain based digs. Reyes(1974)
and Silvestreet a., (1977) noted avery substantial increase in the molar percentage of butyric acid,
at the expense of propionic acid, in the rumen fluid of cattle fed increasing quantities of molasses
in aforage based diet. Olbrich and Wayman (1972) reported a much higher molar percentage of
butyricacid in the rumen fluid of steersfed diets containing high levels of molassesin comparison
to that of steersfed diets containing corn.

Similar changesinthe VFA pattern occurred when increas ng quantities of sucrose, glucose
or lactose were added to ruminant diets (Table 1, Page 7). Pierson and Otterby (1971) reported a
substantial increase in the molar percentage of butyric acid, at the expense of acetic acid, in the
rumen fluid of cattle fed alfalfa hay diets containing increasing quantities of sucrose. Likewise,
Seibert (1978) found that steersfed a sugar cane bagasse based diet containing 38% raw cane sugar
had a higher percentage of butyric acid and a lower percentage of acetic acid than similar diets
containing either corn meal or flake soybean hulls. Olbrich and Wayman (1972) also found
increasing percentagesof butyric and valeric acids but at the expense of propionic, when sucrose
was substituted for corn in the diet of fattening steers. A higher molar percentage of butyric acid,
at the expense of acetic acid, resulted from the addition of a glucose-starch mixture (1:1) to a
cellulose based diet fed to sheep (Chappel and Fontenot, 1968) or when lactose was substituted for
corn meal in a supplement fed to lactating dairy cows (Bowman and Huber, 1967).

Inastudy with grazing steers(Rumsey et al., 1971), supplementation with molassesresulted
in higher molar percentages of butyric and propionic acid and alower percentege of acetic acid in
rumen fluid, but the differences were not significant. However, the supplementation with asimilar
quantity of a corn-fat mixture (9:1) resulted in a significant increase in the molar percentage of
propionic acid and a decrease in the percentage of acetic acid in comparison to acid concentrations
in the rumen of unsupplemented steers.

Total rumen VFA concentration or pH (Teble 1) did not appear to be affected by the feeding
of low levels of molassesin most studies (Martin and Wing, 1966; Owen et a., 1967; Kellogg and
Owen, 1969). However, the addition of up to 15% molasses to a high concentrate finishing diet dd
increasetotal VFA content of rumen fluid, but did not affect rumen pH (Hatch and Beeson, 1972).
Datapresented by Marty and Preston (1970) suggested that thetotal VFA concentrationintherumen
would be higher for cattle fed high-molasses diets than for cattle fed forage or grain based diets.
However, this was not confirmed by Reyes (1974) in an experiment in which increasing quantities
of molasses were fed to cattle consuming aforage based diet. Sutton (1968; 1969) reported that the
infusion of simple sugarsinto the rumen of cows fed either ahay or flaked corn diet increased the
total VFA concentration and reduced pH.

In summary, the above data strongly indicates that feeding molasses to cattle increases the

molar percentage of butyric acid in the rumen beyond that normally found for cattle fed forage or
grain based diets. The effect this may have on nutrient utilization and animal production will be
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discussed in later sections on energy metabolism and metabolic problemswith molasses feeding.
Less apparent is the effect of feeding molasses on the other VFAs. However, it appears that the
increased percentage of butyric acid isat the expense of propionic acid when molassesis substituted
for grain, of at the expense of acetic acid when molassesisfed asasupplement in forage based diets.
In general, the feeding of molasses does not appear to have a consistent effect on the total VFA
concentration or pH of rumen contents.

Dry Matter and Fiber Digestibility

Generally, the additional of readily available carbohydrates to forage based diets increases
thedigestibility of thetotal diet dry matter because of thehigher digestibility of thereadily available
carbohydrates ingrediert, but decreasesthe digestibility of the forage dry matter (Burroughs et al .,
1949) or the forage fiber fraction (Swift et al., 1947; Head 1953). It has been reported that the
addition of sugarsto forage based diets depressed fiber digestion more than does starches (Mitchell
et a., 1940; Hamilton, 1942). Thus the value of supplementing ruminants fed a forage based diet
with molasses could be partially negated by a reduced digestibility of the forage.

Using in vitro studies, Arias et al. (1951) reported that molasses stimulated cellulose
digestion, and even when relatively large quantities (33 and 50% of medium) were added to the
fermentation medium it did not depress cellul ose digestion as happened when similar quantities of
dextrose, sucrose or starch were added. In similar studies, Burroughs et al., (1950; 1951)
demonstrated that molasses ash was the factor responsible for stimulating the digestibility of
cellulose in vitro . Subsequent animal trials (Brannon et al., 1954) demonstrated that the
digestibility of forage dry matter by grazing steers was noticeably reduced by molasses
supplementation, and the degree of depression was relaed to the quantity of molasses consumed.
Supporting data have been presented by Herreraet al., (1981) and Hugh-Jones and Perdta (1981).
They reported that the disappearance of dry matter of low qudity roughages such as sisal pulp,
bagasse and sugar canetops from nylon bagsin situ was very negatively correlated to the level of
molassesin diets fed tofistulated cattle. Likewise several studies (Johnson et al., 1942) Martin et
al., 1981) have shown that the additional of molasses to forage based diets increased dry matter
digedtibility, but significantly depressed the digestibility of crude fiber or cellulose which indicated
that the digestibility of theforage component was reduced. Studying the efect of different readily
available carbohydrates ingredients on the digestibility of dietsformulated with sugar cane bagasse
avery poor quality roughage, Seibert (1978) found that adiet containing raw sugar (38% of the dry
matter) had a slightly higher digestibility of dry matter but a significantly lower digestibility of
neutral detergent fiber than adiet containinga similar quantity of corn meal. In contrast, White et
al. (1973) reported that the addition of molasses (0 to 20% ) to arice graw based diet significantly
increased both dry matter and crude fiber digestibility.

In a study which compared different supplements offered to heifers fed atimothy hay diet,
Bohman et al. (1954) reported that a molasses supplemented diet had a slightly lower digestibility
of dry matter and amuchlower digestibility of crudefiber than acorn supplementeddiet. However,
a similar comparison made in a study with steers fed a prairie hay diet demonstrated that the
digestibility of dry matter and crude fiber was only slightly lower when the diet contained 40%
molasses than when the diet contained a similar quantity of corn (Bell et a., 1953).
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Studying the effects of various quantities of cane molasses offered to cows fed basal diets
composed of different types of roughages, Foreman and Herman (1953) found that the feeding of
up to 1 kg of molasses daily tended to increase or had little effects on the digestibility of crude fiber
or cellulose. Thefeeding of higher quantities of molasses, 2to 3.5kgdaily, drastically reduced fiber
digedtibility. Although it was nat very obvious from the datapresented, the authors suggested that
molasses tended to affect the digestibility of fiber of high quality roughagestoagreater degree than
it did that of low quality roughages. In contrast, other studies have indicated the opposite
relationship between roughage type and molasses feeding. Herreraet al., (1981) found tha while
increasing poor quality roughages placed in nylon bags, it only slightly reduced the disappearance
of alegume forage (Leucaena leucocephala). Ahmed and Kay (1975) reported that only after
molasses was increased from 25% to 50% of the dry matter in aryegrass diet wasthere areal effect
on the digestibility of crudefiber. King et al. (1957) reported that the addition of molassesto corn
silage diets did not influence the digestibility of crude fiber.

The negative effect that sugars and molassesappear to have on forage digestibility has been
shown to be related to the crude protein content of the diet. Mitchell et al., (1940) showed that the
negative effect of glucose supplementation on the digestibility of crudefiber in hay diets of yearling
cattlewas completely eliminated by increasing the protein content of the diet. Pathak and Ranjhan
(1976b) found that the digestibility of crude fiber and acid detergent fiber was drastically lower in
a chaffed oat/corn forage dig supplemented with molasses in comparison to a similar diet
supplemented with adry concentrate (corn, peanut meal, fish meal, wheat bran mixture). However,
the addition of peanut meal or fish meal to the molasses supplemented diet significantly improved
the digestibility of the fiber components. A similar response has been reported by Martin et al.
(1981) when ureawas added to low quality forage diet containing molasses, and by Fontenot et al.
(1955) when cottonseed meal was added to prairie hay diets supplemented with cerelose. Aswill
bediscussed | ater, the feeding of molasses, significantly reducesthe apparent digestibility of protein.
In view of the above interrelationships between levels of molasses, dietary crude protein and the
digestibility of fiber, theinhibition of molasses onprotein metabolismapparently isoccurringin the
rumen.

In high concentrate steer finishing diets the addition of 5% (Owen et a., 1971) or 10%
(Crawford et a., 1978) cane molasses did not significantly affect the digestibility of dry matter or
fiber. However, Hatch and Beeson (1972) reported that the addition of 5, 10, and 15% cane
molasses to a steer finishing diet tended to increase the digestibility of dry matter and energy.
Comparing 24 and 48% mol asseslevel sinabarley based finishingdiet, Campbell et al. (1970) found
adlightly lower digestibility of dry matter and adrastically lower digestibility of crude fiber in the
higher molasses diet, but this diet also contained more sugar cane bagasse (7 vs 2%) which could
have contributed to the lower digestibility of fiber.

From the literature available it is without question that molasses, per se, does depress the
digestibility of dry matter and fiber components of forages fed to ruminants, and particularly low
quality roughages. However, the degree of depression isvery dependent upon thelevel of molasses
in the diet and the crude protein balance. With a properly balanced forage based diet, molasses
supplementation will increase the total dry matter digestibility and does not appea to severely
depress the digestibility of fiber.
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Nitrogen Metabdism

The effect of molasses feeding on dietary nitrogen (N) metabolism in ruminantsis of great
concern in beef production because of the extensive use of liquid supplements formulated with
molasses and urea.

It has been well established that the level at which urea can be utilized in ruminant dietsand
the efficiently of uea utilization is vey dependant on the quantity of readily fermentable
carbohydrates present (Reid, 1953; Conrad and Hibbs, 1968; Helmer and Batly, 1971; Goodrich
et al., 1972). Relating to the use of mdasses in diets containing urea, basic in vitro studies by
Pearson and Smith (1943), Smith and Baker (1944), Belasco (1956) and Bloomfield et a. (1958)
indicated that sugars, and particularly sucrose, were less effective than starch in promoting protein
synthesis from urea.

In an animal experiment, Oltjen and Putman (1966) reported that steers fed purified diets
containing 56% glucose andstarch (1:1) hadaslightly lower retention of urea-N than steersfed 56%
starch diet, but steersfed the glucose and starch diet had asignificantly higher fecal-N lossand lower
urinary-N loss. Millset al. (1944) reported that the addition of 0.9 kg per day of starchto atimothy
hay diet containing 0.9 kg of corn molasses and 200 gm of urea hay increased the total quantity of
proteinintherumen of thefistulated heifer and increased weight gainsby growing heifers, indicating
that the addition of starch stimulated protein synthesis from urea. Similarly, Rowe et al. (1980)
reported that the addition of 1kg of cassava root to a molasses-urea and cassava forage diet
substantially increased the quantity of microbial protein synthesized in the rumen.

Othershave conducted feeding experimentsto study urea-N utilizationin forage based diets
supplemented with either molasses or corn. Steersfed a prairie hay diet containing 40% molasses-
urea had a significantly lower N retention than steers fed a diet containing corn-urea (Bell et al.,
1953). A similar response was obtained with sheep fed low quality pangola digitgrass hay
supplemented with 10% molasses containing corn with urea or biuret in comparison to sheep fed a
dry supplement containing corn with urea or buiret (Martin et al., 1981).

The abovein vitroand in vivo studies all indicated that urea-N is lessefficiently utilized in
forage based di ets supplemented with molasses than those supplemented with starch or corn. Inthe
data reported by Bell et a. (1953) the estimated biological value of ureaN was lower in dids
containing molassesthan in diets containing corn (65 vs 70%), however, the higher biological value
for the corn diet could berelated to by-pass corn protein. Other studies showed that the estimated
biological value of urea-N was equal to soybean meal-N and superior to casein-N when fed in
mol asses supplemented forage diets (Johnson et al., 1942; Gallup et a., 1954). Considering that the
amino acid composition of rumen microbes varies little under widely differing dietary regimes
(Conrad and Hibbs, 1968), it isdoubtful that the value of microbial protein derived from ureain corn
supplemented diets.

Possibly themost revealingN balance datarel ativeto mol asses-ureadietsisurinary-N | osses.

Thislosswas significantly higher for animal s fed amol asses-urea supplement than thosefed acorn-
urea supplement (Bell et al., 1953; Martin et al., 1981) or animas fed a molassesplant protein
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supplement (Bohman et a., 1954; King et al., 1957). If infact, the biological value of al microbial
protein is similar, these higher urinary-N loss values indicate that urea-N is less efficiently
synthesized into microbial protein by cattle fed molasses-urea supplemented diets and the excess
ammoniais being absorbed and excreted in the urine.

The unanswered questions is why molasses or sugars would be less affective than a starch
sourcein promoting protein synthesisfrom urea-N. It hasbeen suggested that the sugars of molasses
are absorbed or degraded too rapidly (Reid, 1953), and thiswould appear to be compatible with the
rapid hydrolysis of ureato ammoniaupon entering therumen. As previously discussed, the VFA
pattern indicates that sugars were metabolized differently than starch which could have abearing on
ammonia utilization. In reporting studies on purified diets containing glucose or starch, reference
was madeto thelack of branched-chain fatty acidsat the ruminal level and the occurrence of related
amino acids in blood plasma (Oltjen and Putman, 1966). This again relates to the biological value
of microbial protein which hasbeen discounted asafactor in practical typediets (Conrad andHibbs,
1968). Data on microbial populations in the rumen of cattle fed diets containing molasses are
limited, and those presented have not indicated a possible explanation (Elias and Preston, 1969;
Silvestre et al., 1977).

A number of studies have shown tha molasses d so significantly depressed the apparent
digestibility of dietary protein (Briggsand Heller, 1943; 1945; Colovoset al., 1949; Bell et al., 1953;
Foreman and Herman, 1953; Bohman et al., 1954; King et al., 1957). Evenwith dietsinwhich urea
supplied most of the N consumed, increasing levels of molasses in the diet reduced the apparent
digestibility of dietary-N by sheep (Martin et al., 1981). It is aso interesting that the apparent
digestibility of urea-N (only N source) by steers fed a purified diet containing glucose and starch
(1:1) wassignificantly lower than that by steersfed adiet containing only starch (Oltjenand Putman,
1966). Theletter two studies give evidence, though limited, tha the feeding of molasses or glucose
reduces the digestibility of microbial protein. An explanation for this apparent reduction in the
digestibility of crude protein was not ventured. Oneinterpretation isthat molassespartially inhibits
the digestion of performed or microbial protein leaving the rumen. However, data presented by
Hamilton (1942) indicated that the feeding of corn sugar to sheep resulted inincreased metabolic-N
excretion which would also explain a decrease in the apparent digestibility of dietary-N with the
feeding of diets containing molasses or sugars.

The above data suggest that the feeding of moderate to high levels of molasses reduces the
apparent digestibility of crude protein in the range of 5 to 15%. This presents a very interesting
guestionrelativeto aprectical feedingsituation. Do beef cattlefed dietscontaining moderaeto high
levels of molasses require more dietary crude protein than has been recommended by the National
Research Council (NRC) (1976) for cattlefed more conventional type diets? Ruiz (1977) reported
that the protein required to produce 1.0 to 1.1 kg per day of gain by 300 to 400 kg young bulls fed
ahigh-molasses diet was 0.4 to 0.5 kg daily of crude protein (fish-med supplement) per 100 kg of
liveweight, alevel whichis30to 60% abovetheNRC recommendationfor similar sizebullsmaking
similar gains. In an optimum economic feeding system for this type animal gaining 1.04 kg daily
and fed ahigh-molassesdiet in which 45% of thedi etary N isderived from urea, Ruiz recommended
feeding 1.34 kg per animal per day of N x 6.25 which is approximately 20% above the NRC
recommendation. In support of this recommendation the crude protein (N x 6.25) level for high-
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molassesdietsused inacommercial feedlot system devel oped in Cubaisapproximately 20% higher
than that recommended by NRC (Munoz et a., 1970).

In high concentrate grain diets, the addition of 5% cane molasses did not significantly
influence crude protein digestibility or nitrogen retention by steers (Owenet al. 1971). Theaddition
of 10% cane molassesto a corn-peanut meal diet fed to steers tended to increase both crude proten
digestibility and N retention (Crawford et al., 1978). The addition of 10 or 15%, but not 5%, cane
molassesto acorn-urea (ureaN 33% of total N) based steer finishing diet significantly improved N
retention (Hatch and Beeson, 1972). Potter et a. (1971) found that the quantity of N reaching the
abomasum of steersfed acom meal diet containing ureawas only 79% of tha obtained withadiet
containing soybean meal. However, the addition of 2.5% cane molasses to the urea diet increased
abomasal-N flow to 92.5% of that obtained with soybean meal, but the addition of 10% molasses
to this diet was of no benefit over 2.5% molasses. Insteer fattening diets, Campbell et a. (1970)
observed that the digestibility of crude protein and N retention was noticeably lower with a diet
containing 48% mad asses than that of a diet containing 24% mol asses.

Wood molasses (hemicellulose extract) was reported to depress the digestibility of crude
protein more than cane madasses (Colovos et d., 1949; Williamset al., 1969). Recently, Hartnell
and Satter (1978) demonstrated with continuous fermentators charged with rumen ingestathat 15%
more soy protein escaped degradation when treated with wood mol assesthan when treated with cane
molasses. They reasoned that the phenolic constituents of wood mol assesprotected the protein from
microbia degradation in the rumen which would be advantageous in terms of by-pass protein.
However, when diets containing soybean meal extruded with either 10% wood molasses or cane
molasses were fed to lambs there was no difference in digestibility of diet components or animal
performance. Crawford et al. (1978) reported that steers fed finishing diets containing 10% wood
molasses had a dlightly higher digestibility of crude protein and a slightly lower N retention than
steersfed adiet containing 10% cane molasses. Performance of steersfed fatteningdiets containing
10% (Crawford et al., 1978) or 3% (Cooper et a., 1978) of wood or cane molasses were similar.

Energy Metabolism

TheNationa Research Council (1976) liststhe metaboli zable energy (ME), net energy (NE)
for maintenance and NE for gain valuesfor cane molassess 2.75, 1.91 and 1.20 Mcal per kg of dry
matter, respectively. These values are approximately 83% of respective values listed for No. 2
yellow corn. Thelower energy valuefor molassesis partially explained by a7to 8% higher mineral
content than that of corn. Morrison (1956) states that the value of molasses is highest when fed at
less than 10% of thediet, and the energy valueis reduced by as much as 30% with higher levels.

Using the comparative slaughter technique, L ofgreen and Otagaki (1960a) determined the
NE valuefor fattening of blackstrap molassesat variouslevelsin beef finishing diets. They reported
that the NE value of molasses in a diet containing 10% molasses was similar to an estimated NE
value listed by Morrison (1956), but in diets containing 25 to 40% molasses the NE value was
reduced 100%. Inasimilar study with lactating cows (L ofgreen and Otagaki, 1960b), the NE value
of blackstrap molassesfor milk productionwas 3 timeslower in adiet containing 30% molassesthan
itsNE value in adig containing 10% mol asses.
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To better define the relationship between the level of molasses in the diet and its energy
value, Lofgreen (1965) conducted a second study in which beef heifers werefed diets containing 5,
10, and 20% cane molasses. Inthe5, 10, and 15% dietsthe NE value for maintenance and NE value
for gain of molasses were similar, averaging 1.93 and 1.10 Mcal per kg of molasses dry matter,
respectively. Thesevaluesarein close agreement with calculated values reported by NRC (1976).
In the 20% diet, NE value for maintenance and NE value for gainwere 10% lower, being 1.73 and
0.99 Mcal per kg of molasses dry matter respectively. It was concluded that the decline in the NE
value of molasses beginswith thediet of containsabout 20% molasses However, it wasrecognized
that the decrease in the NE vaue of molasses observed in the 20% diet was less drastic than the
decrease observed between the 10% and 25% molasses diets in the previous experiment (Lofgreen
and Otagaki, 1960a).

In contrast to the above data, Preston et al. (1969) reported that the efficiently of utilization
of ME for gain (energy content of empty body gain divided ME available for gain x100) was 17.5
and 29.1%, respectively, by growing bulls fed diets containing 30 or 70% molasses dry matter in
addition to greenchopped corn forage or napiergrass. The lower value for the 30% diet was
attributed to the overestimation of the ME values assigned to the forages used. However, it was
acknowledged that the efficiently value determined for the 70% molasses diet was 60% of that
expected, a discrepancy explained by the age of the animals (24 months) used in the study. It was
estimated that the NE value for fattening of the 70% molasses-30% corn forage diet was 1.24 Mcal
per kg of dry matter which would be close to the vdue calculated for this diet using figures.

Further evidence as to the energy value of molasses is offared by the studies reported by
Nehring et al. (1964) on the NE value of pure sucrose, cellulose and starch. When sucrose was fed
to steers as a 23% supplement to a hay, barley straw, beet pulp, barley meal and peanut meal basal
diet its NE value was 16% lower than the NE value for cellulose or starch. The authors also cited
aNE value for sucrose determined by Kellner in 1900 which was 26% |ower than aNE determined
for starch. If, infact, the energy value of sucrose islower than that of starch it would help explain,
in conjunction with the high ash content of molasses, the 17% lower NE val ue assigned to mol asses
dry matter relative to that of corn grain (NRC, 1976).

Nehring et al. (1964) also presented data which indicated that sucrose was utilized as
efficiently as starch when fed to monogastrics. Thus, any differencein the utilization of sucroseand
starch by cattlemust be explained by differencesin their fermentation in the rumen or the efficiency
of utilization of the end of products of rumen fermentation. As previously discussed, the ruminal
VFA composition of animasfed molassesor sucrosedietsisquitedifferent from that of animalsfed
cereal grainsor starch. Blaxter (1962) presented data which indicated that the relative proportions
of acetic, propionic and butyric acids did not greatly affect their utilization as energy for
maintenance, but their proportional relationship could be very critical intermsof their utilization as
energy for fattening.

Unfortunatel y, most of the data available on the effect of different proportions of VFAson
energy utilization has concerned various acetic to propionic acid ratios, with higher ratios being
negatively correlated to energy utilization. Specifically, energy utilization data are needed relative
to low molar proportions of propionic acid and high proportions of butyric acid which has been
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associated with the feeding of diets containing high levels of molasses. Since butyric acid, like
acetic, isnot aglucose precursor asimilar relationship could exist and would support the contention
that the productive energy value of molasses isreduced when high levelsarefed. Essig et al. (1959)
found little difference in the gains of sheep fed purified diets containing various proportions of the
saltsof acetic, propionic and butyric acids, but noneof the ratios usedwere similar to hat which has
been identified with the feeding of high-molassesof sucrose diets.

In contrast to the data presented by Blaxter (1962), @rskov (1978) presented data which
indicated that therel ative proportions of acetic to propionic acids produced inthe rumen arenot very
critical in terms of their efficiency of utilization as energy for fattening. @rskov’sdatadid indicae
that the production of different proportions of VFASs affect the efficiency of utilization of the
carbohydrate source fed, but it was related to the conversion of carbohydrate energy to VFA energy
in the rumen. @rskov states that the most efficient capture of carbohydrate energy in the
fermentation process occurs with the production of propionic acid, followed by butyric and acetic
acid, respectively. Again, inrelaiontotheVFA pattern observed thefeeding of molassesor sucrose
diets, @rskov’ shypothesiswould explanthelower energy valuesof molasses (inadditiontoitshigh
ash content) or sucrose in comparison to the energy values of cereal grainsor starch. However, this
hypothesiswould not support the contention that the energy value of molasses itself isinfluenced
by thelevel at which it isincluded in the diet.

From the above discusson it can be seen that the relative energy value of mdassesis a
controversial subject, particuarly asrdated to thefeedng of dietscontaning moderateto highlevels
of molassesto beef cattle. Thefeeding value of molassesin animal production trialswill be covered
in a subsequent section which should shed more light on the energy metabolism of molasses.

M etabolic Problemswith M olasses Feeding

A problem often observed with the feeding of diets containing moderate to high levels of
cane molasses is a loose feces which is often associated with diarrhea. Scott (1953) stated that
because of this condition it is important not to set the level of molasses in the diet “too high”.
However, one of the studies (Barnett and Goodell, 1923) cited by Scott showed that fattening steers
exhibiting this laxative effect when fed adiet high in molasses (2.4 kg per steer daily) also had the
highest rate of gain.

The mineral fraction of cane molasses, and particularly the relatively high potassium (K)
content (2 to 6%), has been implicated as the cause of certan digestive probems. To study this
factor Briggs and Heller (1943) fed lambs a control alfalfa hay-corn grain diet and adiet in which
25% of the corn was replaced by cane molasses. In two other dietary treatments pure sucrose or K,
quantities equivalent to that contained in the madasses, were indvidually added to the control diet.
All three diets containing additives resulted in a soft feces, but scouring did not occur. Thisresult
suggested that both sugar and K contributed to the laxative property of molasses. Other results
showed that molasses and sucrose additions, but not K, reduced the apparent digestibility of crude
protein. In contrast, only the addition of K to the diet reduced the digestibility of crude fiber.
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A review on K metabolism of ruminants did not reveal any problems caused by the feeding
of diets containing high levels of K with the exception of grasstetany (Ward, 1966). Newtonet al.
(1972) reported that thefeeding of diets containing 4.9% K, alevel obtainable with a high-molasses
diet, significantly reduced magnesium (M g) absorption, but not Mg bdance, and temporarilylowered
blood serum concentrations of Mg. Jackson et al. (1971) reported that the feeding of cereal grain
diets to lambs which contained from 0 to 3% K resulted in a significant linear decrease in energy
utilization and a reduced rate of gain from 102 to 75 gm per day. The feeding of diets containing
4% as KCI to ewes did not affect ewe weights, lamb birth weights, number to lambs dropped or
raised, or blood plasmalevels of K, Na, Ca, Mg or P (Daniel et a., 1952).

Preston and co-workers (1967a; 1970b) observed a condition in growing cattle fed high-
mol asses (70-80% of DM) dietswhich wastermed “molassestoxicity”. Affected animalsexhibited
accelerated breathing, lowered body temperature, pronounced weakness, adrunken appearance, a
characteristic stance of crossed forelegs and aforward leaning position with their shoulders resting
against corral fencing. Other clinicad symptoms associated with the condition indude dancing in
circles, lowered head, dgging intothe earth and excessive salivation (Creek et al ., 1974; Pathak and
Ranjhan, 19764). Originally, the problem was though to be related to amineral imbalance, but was
identified ascerebrocortical necrosis, al so known aspolioencephdomal acia, by Verduraand Zamora
(1970). The condition did not respond to intraruminal or intramuscular administration of thiamine
and common treatment for polioencephalomalacia(Losadaet al., 1971), but it wasprevented by oral
dosages of 400 gm per day of glycerol (Gaytan et al., 1977). Although molasses toxicity does not
appear to be caused by atrue thiamine deficiency, Loraet a. (1978) presented data which indicated
that it was not caused by alack of glucose precursors.

Molasses toxicity appears to be precipitated by alow intake of forage in the high-molasses
feeding system developed by Prestonet a. (1967a). The most practical preventative measure isto
assure that all animals consume enough forage, which can be a problem in this restricted forage
feeding system. The most practical cureisto place the animal on ad lib forage feeding when the
initial stages of the condition is observed, because in the advanced stages the condition is
irreversible.

Molasses toxicity was also related to high levels of ketone bodiesin the blood (Losadaand
Preston, 1974). Theauthorsalso recognized arelative high production of ketonebodiesinthe blood
of normal animas and suggested the possibility of subclinical ketosis in al cattle fed a high-
molasses diet which would be related to the animal’ s incapacity to metabolize the ketone bodies
derived from the higher production of butyric acid obtained with feeding of molasses-based diets

Ruiz (1976) has shown that the feeding of high-molasses diets will cause ruminal

parakeratosis, but the severity of thelesionswaslow in spitefo thelow level of fiber inthediet, and
its effect on the liveweight gain of animals was of no importance.
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THE PERFORMANCE OF BEEF CATTLE FEDMOLASSES
I nter pretation of Data Presented

In the following presentation on the feeding of diets containing molasses two adjustments
were made for certain data extracted from the literature in order to more accurately interpret the
results obtained within a study, and to some extent allow a more accurate comparison of results
obtained in separate studies. One adjustment wasto show al diet intake data on adry matter basis.
In many studies reviewed these datawere presented as such, or could be accurately cal culated from
dry matter values presented for the digsfed. However, in some studies dry matter intake datawere
calculated from as-fed diet intake values presented and logical estimates of the dry matter content
of the as-fed diet. The latter values, when presented, have been properly identified aong with the
assumed dry matter values used.

In most of the feedlot performance data presented in this review the rate of gain data and
resulting dry matter:gain ratio values were recal culated from afinal liveweight based on the actual
carcass weight data and a standard carcass dressing percent (final liveweight = carcass weigh +
standard dressing percentage x 100). In all casesthe standard carcass dressing percentage used has
been identified and was approximately the average dressing percentage actudly obtained within a
specificstudy. Thereason for usingthisprocedure wasto standardizefinal liveweight to acommon
fill which ensures that rate of gain and feed efficiency data, assays most often used to compare the
performance of cattleon different dietary treaments, were proportional to carcassgain whichisthe
best measure of true production. The advantages and justification for using this procedure in
interpreting cattle performance have been throughly discussed by Goodrich and Meiske (1971).

Close attention should be given to the carcass dressing percentages obtained in the specific
experimentspresented inthisreview because of their widerange (52t0 62%). A lower carcassdress
greatly inflates real gains which is the reason for making data adjustments within an experiment.
Although it is recognized that the initial condition, management, genetics, etc. of cattle used in
separate studies can be very diffeent, it is felt that rate of gain and feed efficiency data in
experimentsinwhichlow carcassdressing percentageswere obtained also tend to beinflated rel ative
to rate of gain and feed efficiency data in experiments in which high dressing percentages were
obtained.

Diet Intake

One of the most important characteristics of afeedstuff isitsinfluence on dietintake because
of the close positive relationship on intake to animal performance and production efficiency. The
first and most recognized benefit of feading molasses to cattle has been its ability to improve diet
pa atability. Data presented in the following tebles (Note: tables referred to in this section are
present in subsequent sectionswherethey are discussed rel ativeto other data.) which summarizethe
results of numerous feeding studies show, in most cases, that the addition of up to 10% molassesto
both roughage and concentrate diets improved daily dry matter intake. Although thisresponse has
usually been attributed to improved taste or reduced diet dustiness, the previously discussed ability
of low levels of molassesto increase fiber digestibility and microbial activity may be responsible.
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L essknown isthe rel ationship between diets containing moderate to high level s of molasses
and feed intake, and how this relationship relates to the established mechanisms known to control
diet intake (Balch and Campling, 1962; Conrad et al., 1964; Conrad, 1966). Silvestreet al. (1978)
conducted astudy inwhich growing bullswerefed sugar cane based diets containing up to 41% cane
molasses and found that dry matter intake increased linearly with increasing levels of molasses
(Tableld). A similar response was reported by James (1973) and Toranzos et al. (1975) when 43%
or 30% cane mol asses was added to chopped sugar cane or sorghum silagebased diets, respectively
(Table 12). Bond and Rumsey (1973) and Delgado et a. (1978) also reported that the ad lib
supplementation of hay or fresh forage based diets with cane molasses (39 and 23% of diet dry
matter, respectively) substantially incressed daily dry matter intake (Table12). Drannon et al. (1954)
reported that the daily dry matter intake by grazing steers wasincreased from 6.0 kgto 6.7 kg with
the ad lib supplementation of 1.0 to 1.5 kg per day of cane molasses. Comparing different
supplementsBohman et al. (1954) and Merrill & al. (1959) observed that hafers supplemented with
molasses consumed more forage dry matter and total dry matter than heifers supplemented with a
similar quantity of corn. In contrast, King et al. (1960) noted no differencein the intake of oat hay
by heifersfed either molassesor corn supplements. The above dataon molasses feeding support the
general concept that dry matter intake by cattleincreaseswithincreasingconcentrationsof digestible
nutrientsin aforage based diet.

At the opposite extreme, that is, dietswith high level s of molassesand low levels of forage,
the data available are very limited. Elias et al. (1969) fed growing cattle restricted quantities, of
forage and cane molasses ad lib such that the diets contained 75 to 90% molasses-protein
supplement. Data showed that with increasing levels of molasses, or decreasing levels of forage,
there was a linear decrease in daily dry matter intake (Table 14). It is aso interesting that daily
liveweight gains of cattle fed diets containing the different levels of molasses were similar,
suggesting that available energy inteke was similar by steers fed each diet. In astudy with ad lib
molassesfeeding, Martin et al. (1968) found daily dry matter intake by growingbullsfed arestricted
forage diet which contained 85% mol asses was substantially less than the intake by bullsfed thead
lib forage diet which contained 29% molasses. Again, these intake data of diets containing high
levels of molasses support the general concepts relating to the control of diet intake tha is,
physiological factors limit intake of highly digestible diet even when molasses is the concentrate
energy source.

Studies in which molasses is added to or substituted for concentrate ingredients in high
energy fattening diets also give evidence as to the effect of molasses on feed intake. Lofgreen
and Otagaki (1960a) reported that the addition of 10% canemolassestoarelatively fibrousfattening
diet fed to steersincreased dry matter intake, but further additions of 25 or 40% molassesdrastically
reduced intake (Table 3). Thiscurvilinear relationship between thelevel of molassesin thediet and
dry matter intake tended to be confirmed by Heinemann and Hanks (1977) when 0O, 10 and 20%
molasses was fed ad lib with a barley based fattening diet (Table 3). OMary et al. (1959) also
reported amuch lower intake of dry matter by steers fed adiet containing 47% cane molasses than
that of steersfed adet containing 54% corn, but thisresult may have been influenced by the use of
different roughage ingredients, cottonseed hulls (CSH) and afalfa hay, respectively, in the two
dietary treatments (Table 5).
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A number of studies(Bray et al., 1945; Riggs and Blankenship, 1955; Brown, 1962; 1967;
Campbell et al., 1970) have shown that inaeasing levelsof molasses of up to48% of feedlot digs
haslittle effect on dry matter intake by growing or fattening cattle (Tables 3, 5 and 14 respectively).
Bray et al. (1945) did observe that when cane molasses was substituted for 10 to15% of corngran
or other dry ingredients in the concentrate ration, steers consumed more hay or silagewhich were
offered ad lib as a roughage component, but higher substitutions of molasses did not appear to
encourage afurther increase in the intake of roughage.

In asecond study, Lofgreen (1965) found that the substitution of canemolassesfor 5, 10, 15
and 20% of the barley in afattening diet resulted in adlight linear increase in dry méater intake by
heifers, but intake of all diets containing molasseswas below that of heifersfed acontrol diet (Table
3). Feeding studies by Lishman (1967), Van Niekerk and Voges (1976) and Kargaard and Van
Niekerk (1977) showed that the substitution of cane molasses for up to 22 to 30% of corn meal in
steer finishing dietsresulted inincreasesin dry matter intake (Table4). Inafeeding study involving
15 separatefeedlot trials, Baker (1954) found that the substitution of citrus molasses for up to 50%
of ground ear corn in finishing diets resulted in an increase in dry mater intake over the controls,
but in a subsequent study (Baker, 1955a) there appeared to be a negative relationship between the
level of citrus molasses in the diet and dry matter intake by fattening steers (Table 6). Gaili and
Ahmed (1980) reported a much higher intake of dry matter by growing cattle fed diets containing
25 and 50% cane molasses than that of cattle fed a 45% sorghum grain diet (Table 13).

In two studiesinvolving the substitution of raw sugar for up to 40 and 48% of com meal in
steer fattening diets, Beardsley et a. (1971) and Olbrich and Wayman (1972) noted little effect of
dietary treatment on dry matter intake indicating that the effects of sucrose and starch weresimilar
(Table8). However, when diets contained different combinations of cane molasses and raw suga,
increasing levels of molassesconsistently increased dry matter intake by fattening steers (Olbrich
and Wayman, 1972) (Table 8).

Although the types of molasses are somewhat different in composition, studies (Baker,
1955a; 1955b; Riggs and Blankenship, 1955; Kirk et a., 1966; Crawford et al., 1978; Cooper et al.,
1978) that have made direct comparisons between diets containing either cane, corn, citrus or wood
molasses have not demonstrated consistent differencesintermsof dry matter intake (Table 2, 3, and
7). However, the type of feed ingredients with which molasses is combined does influence intake.
Both Brown (1962; 1967) and Salais et al. (1977) found that sugar cane roughage feeds fed in
combination with cane molasses could be quite detrimental to dry matter intake relative to other
roughage sources (Table 15). Baker (1966) reported that the addition of 15% molassesto aground
ear corn diet increased dry matter intake, but asimilar quantity of molasses added to ashelled corn
diet did not affect intake (Table 6).

Molassesin Fattening Diets
A number of sudies(Bray et a., 1945; Lofgreen and Otagakit, 1960a; Bradley et al., 1966;
Lishman, 1967; Brown et al., 1967; Copper et d., 1978) have shown avery obvious advantage in

rateof gain and/or dry matter utilization from the addition of 2 to 10% cane molassesto concentrae
dietsfed tofinishing cattle (Tables 2, 3, 4 and 5). Only in three studiesreviewed did the feeding of
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up to 10% cane molasses not result in an improvement in animal performance in comparison to a
control treatment (V an Niekerk and VV oges, 1976; Kargaard andV an Niekerk,, 1977; Hinemann and
Hanks, 1977) (Tables 3 and 4). In either of the above studies carcass quality was not measurably
affected by thefeeding of low level's of molasses. The above data strongly support the conclusions
of basic studies that the addition of up to 10% molasses to finishing diets stimulate microbial
activity, thedigestibilitiesof energy and fiber, andnitrogen utilization (Potter et al., 1971; Batch and
Beeson, 1972; Crawford et a., 1978).

Table 2. Response of Yearling Steersto Low Levels of Molasses in Corn-Based Finishing Diets

Reference Initial Dry Gain?® Dry matter:  Carcass
and treatment wt/kg matter kg/day  gainkg grade

Bradley et al. (1966)

(Gr. ear corn; 124 days)
Control 362 10.5° 0.98 10.7 Choice
2.3% cane mol asses 362 11.0° 1.02 10.8 Choice

Brown et a. (1967)
(Gr. ear corn; 119 days)

Control 310 8.3 0.91 9.1 Choice

2.3% cane mol asses 310 9.2 1.00 9.2 Choice
Cooper et a. (1978) (Dry shelled corn)

Control 353 8.8 1.37 6.5 Good+

3.6% cane molasses 343 9.0 1.49 6.0 Good+

2.8% wood mol asses 345 9.4 1.54 6.1 Choice-

Crawford et al. (1978)

(Gr. shelled com diet; 134 days)
10% cane mol asses 255 8.1 1.16 7.0 Good+
10% wood molasses 261 7.8 1.18 6.6 Good+

& Calculated from afinal weight based on a 62% carcass dress.
® Estimated from as fed intake values, assuming a 90% dry matter content of diet.

Basi ¢ studies have suggested that the addition of low levels of wood molasses might protect
dietary protein from bacteia attack thereby increasing by-pass protein and dietary protein
utilization. However, practical feedlot studies (Riggs and Blankenship, 1955; Cooper et al., 1978;
Crawford et al., 1978) havenot shown a consistent difference in the performance of fattening cattle
fed low levels of either wood or cane molasses (Table 2 and 9).
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Table 3. Effect of Low to Moderate Levels of Cane Molasses in Finishing Diets

Initial Dry matter
Reference weight intake Gain?® Dry matter: Carcass
and treatment kg kg/day kg/day gain, kg grade

Lofgreen and Otagaki (1960a)
(Barley-afafa-bagesse
diet; steers; 133 days)

Basal 292 8.8 1.01 8.7
10% molasses 304 9.5 1.12 8.5
25% molasses 298 6.8 0.70 9.7
40% molasses 292 6.8 0.68 10.0
Lofgreen (1965)
(Barley diet; heifers, 169 days)
Control 281 8.1 0.97 8.4 Choice-
5% molasses 281 7.3 0.92 7.9 Choice-
10% molasses 277 7.3 0.96 7.6 Choice-
15% molasses 281 7.4 0.98 75 Choice-
20% molasses 262 7.7 1.01 7.6 Good+

Riggs and Blankenship (1955)
(Sorghum silage-sorghum grain diet; 140 days)

Control 266 26° 1.05 12.6 Choice
13% molasses® 266 26° 0.95 12.5 Choice
26% molasses ° 266 26° 0.89 13.1 Good+
Heinemann and Hanks (1977)"
(Barley-beet pulp diet; steers; 146 days)
Control 340 10.1 1.23 8.2 Choice
10% molasses 340 10.4 1.26 8.3 Choice
20% mol asses 338 10.0 1.07 9.3 Choice

& Calculated from afinal weight based on a60% carcass dress, except for Lofgreen (1965) where
values are empty body weight gains.

® Five kinds of molasses used at each level.
¢ Actual values reported as dry matter intake per 100 kg of liveweight.
4 Molasses fed separately from dry concentrate.

Theresponse of fattening steersto the feeding of molasses may be related to the type of diet
inwhich it is substituted. Baker (1966) found that the addition of 15% citrus molassesto aground
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shell corn diet reduced rate of gain and dry matter utilization by fattening steers 13 and 10%,
respectively, but asimilar quantity of citrus molassesadded to aground ear corn diet increased rate
of gain to alevel which was equal to that obtained with the ground shelled corn diet, but did not
influence dry matter utilization which was 15% lower than that obtained with the ground shelled
corndiet (Table6). Lishman (1967) reported that the substitution of cane molasses for 20 and 30%
of corn meal in a corn silage diet increased rate of gain by fattening steers 15%, but it did not
influence the efficiency of dry matter utilization (Table 4). In aseries of 15 feeding trials, Baker

Table4. South African Dataon the Performance of Steers Fed Finishing Diets Containing Low to
Moderate Levels of Cane Molasses as a Substitute for Corn Meal

Reference Initial Dry Matter Gain Dry Matter:
and treatments weight kg intake kg/day kg/day gain kg

Lishman (1967) *
(Corn silage-cornmeal diets; 56 days)

Control 342 8.2 0.84 9.8
10% cane mol asses 345 9.0 1.06 8.4
20% cane mol asses 344 9.4 0.98 9.6
30% cane molasses 343 9.5 0.96 9.9

Van Niekerk and Voges (1976)°
(Corn meal diet; 168 days)

Control 201 7.5 1.03 7.3
7% cane mol asses 202 7.6 1.02 7.5
15% cane mol asses 203 7.6 1.02 75
22% cane molasses 203 8.1 1.02 7.9

Kargaard and Van Niekerk (1977)
(Corn meal diets; 134-162 days)

Control 215 6.9 1.07 6.4
7% cane mol asses 215 7.1 1.09 6.5
14% cane mol asses 217 7.3 1.10 6.6
21% cane molasses 215 7.0 0.87 8.0

. ?Results of two trials using steers which were 3to 3.5 years of age intrial 1, and 2 years of age
intrial 2. Gain data were calculated from afinal weight based on a 55% carcass dress.

® Results of two trials, in one hay was fed in complete mixed diet and in a second hay was fed
separaey. Gaindatafor yearling steers calculated from afinal waght based on a57% carcassdress.

¢ Gain datafor weaned calves were cal culated from afinal weight based on a’55% carcass dress.
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Table5. Performanceof Fattening Steers Fed DietsContaining Moderateto High Levelsof Cane

Molasses
Reference Initial Dry matter  Gain® Dry matter: Carcass
and treatment wit intake day day gan grade
___________________________ kg S,
Campbell et al. (1970)
(Barley diets; 144-165 days)
24% molasses 290 8.0 0.85 9.4 Good+
48% molasses 282 8.0 0.70 114 Good+
OMay @ a., (1959) (139days)
54% corn-40% a fd fa hay 340 11.2 0.99 11.3 Good+
47% molasses-32% CSH 341 9.9 0.74 134 Good-
Bray et a. (1945)
(3trids; 112 days)
Corn grain-rice straw, rice 224 8.8 1.35 6.5 -
bran, polishings, (control) 224 8.9 0.91 9.8 -
10% molasses 224 8.9 101 8.8 -
20% molasses 225 9.0 1.06 84 -
30% molasses 225 8.8 1.04 85 -
40% molasses 225 8.8 1.06 8.3 -
Webb and Bull  (1945)
(Corn silage-alfafa hay based diets 150 days)
Control (50% corn) 342 8.8 1.18 75 Choice
21% Molasses-12% corn 12% oats 340 8.1 1.02 7.9 Good+
47% molasses 342 84 0.87 1.7 Good+

@ Based on fina weight and 60% dress, except Bray et al. (1945), based on a 55% dress

(1954) found that the substitution of citrus molasses for 22 and 37% of ground ear corn in steer
finishing dietsimproved rate of gain 28% and the efficiency of dry matter utilization 11to 15%. The
performance of steersfed diets containing 50% citrus molasses was similar to that of steersfed the
control diet, but in asubsequent study (Baker, 1955a), steersfed adiet containing 51% molasses as
a substitute for ground ear corn had a simil ar gain and were 6% more efficient than steers fed the

control diet (Table 6).
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Table6. Responseof Yearling Steersto Various Levels of CitrusMolassesin Ground Ear Corn

Finishing Diets

Reference Initial Dry matter Gain® Dry matter: Carcass

and treatment wit intake ® day day gan grade
____________________________ kg e ————————

Baker (1954)

(15 trids; 92-107 days)
Control 307 9.2 0.74 12.4 Good+
22% Citrus molasses 314 10.6 0.96 11.0 Good+
37% Citrus molasses 307 10.0 0.94 10.6 Good+
50% Citrus molasses 323 9.7 0.77 12.6 Good+

Baker (1955a)

(1 tria; 113-126 days)
Control 329 11.3 1.14 9.9 Choice
26% Citrus molasses 328 11.3 1.15 9.8 Choice
40% Citrus molasses 328 10.7 1.09 10.1 Choice
51% Citrus molasses 328 10.3 111 9.3 Choice.

Baker (1966)

(1 trial; 102 days)
Gr. ear corn control 321 9.6 111 8.6 Good+
+ 15% citrus molases 321 10.8 122 8.8 Choice-
Gr. shelled corn control 321 9.5 1.24 7.6 Good+
+ 15% citrus molasses 321 9.5 1.13 8.4 Good+

@ Estimated from asfed intake val ues, assuming 90 and 75% dry matter valuesfordry ingredients
and citrus molasses, respectively.

® Calculated from afinal weight based on a 60% carcass dress.

Severa studies have compared the feeding value of different types of molasses in steer
finishingdiets(Table 7). Baker (1955a) reported that citrusmol asseshad ahigher feeding valuethan
blackstrap molasses when both were fed as 40% of aground ear corn based diet. Steersfed aground
ear corn diet containing 20% blackstrap molasses performed better than steersfed adiet containing
20% standard cane molasses (Baker, 1955b). Kirk et al. (1966) observed little difference in the
performance of fattening cattle fed diets containing 29% of either bladkstrap or citrus molasses.
Riggs and Blankenship (1955) fed diets containing 13 and 26% molasses of four different typesand
reported that fattening cattle performed best on diets contaning blackstrap molasses, followed in
order by ocorn, citrus and wood molasses.
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Table7. Comparison of Different Types Of Molassesin Finishing Dietsto Y earling Stears

Reference Initial Dry matter  Gain? Dry matter: Carcass

and treatment wit intake day day gan grade
____________________________ kg e

Baker (1955a)

(Gr. ear corn diets; 122 days)
40% citrus molasses 328 10.7° 1.09 9.8 Choice
40% molasses 329 11.7° 1.04 11.3 Choice

Baker (1955b)

(Gr. ear corn diets; 120 days)
20% std. cane mol asses 322 9.7"° 1.12 8.7 Choice
20% mill run blackstrap 323 9.3° 1.17 7.9 Choice

Riggs and Blankenship (1955)

(Sorghum grain diet; molasses

fed at 13 and 26%; 140 days)
Blackstrap molasses 266 25° 0.95 12.5 Choice
Corn molasses 266 2.7° 0.92 12.9 Choice
Citrus molasses 266 25°¢ 0.88 13.0 Choice
Wood molasses 266 25°¢ 0.83 13.9 Choice

Kirk et a. (1966)

(Hay-citrus pulp diet; 120 days)
29% molasses 279 6.9 1.03 6.7 Good-
29% citrus mol asses 283 7.2 1.04 6.9 Good-

& Calculated from afinal weight based on a 60% carcass dress.
® Estimated from as fed intake values, assuming 90, 75, 80, and 70% dry matter values for dry
ingredients, citrus molasses, blackstrap and standard cane molasses, respectively.
¢ Presented as kg of dry matter per 100 kg of liveweight.

Two studies have shown that raw sugar was superior to corn meal as an energy ingredient
inseer finishing diets(Beardd ey et al., 1971; Olbrich and Wayman, 1972). The substitution of raw
sugar for up to 48% of corn meal did not affect the rate of gain by fattening steers, but increasing
levels of raw sugar tended to improve the efficiency of dry matter utilization by about 10% (Table
8). Thesedataindicate that the sugars, the principle component of canemolasses, do not adversely
affect the performance of finishing cattle when included into their diets at moderate to highlevels.
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Table8. Performanceof Y earling Steers Fed Finishing Diets Containing Vaious Levelsof Raw
Sugar or Cane Mdasses as a Substitute for Cornmeal in Finishing Diets

Reference Initial  Dry matter  Gain® Dry matter: Carcass
and treatment wit intake day day gan grade

Beardd ey et al. (1971)
(Corn meal diets; 120 days)

Control 369 10.7 0.96 111 Good+
5% raw sugar 369 10.8 0.92 11.7 Good+
10% raw sugar 370 11.0 1.04 10.6 Choice-
20% raw sugar 369 10.7 0.99 10.8 Choice-
40% raw sugar 367 10.1 0.98 10.3 Choice-

Olbrich and Wayman (1972)°

(19% bagasse diets; 135 days)
60% corn meal 308 7.7 1.03 7.5 Good+
40% corn meal-16% raw sugar 308 7.6 1.03 74 Good+
20% corn meal-32% raw sugar 309 7.0 0.95 74 Good+
0% corn meal-48% raw sugar 327 7.4 112 6.6 Good+
55% molasses 313 9.0 0.86 10.5 Good
37% molasses-16% raw sugar 309 84 0.88 9.5 Good
18% molasses -32% raw sugar 309 7.9 0.95 8.3 Good

dCalculated from afinal weight based on a60% carcass dress, except for Olbrich and Wayman
(1972) where values were on 24 hr. shrunk weights taken at the beginning and end of trial.

® Dry matter intake was calculated from as fed feed intake assuming dry matter values of 50%
for fresh bagasse, 80% for cane molasses and 90% for dry ingredients.

Intheearly 1950'sWayman and co-worke's, in Hawaii, initiated aseries of studiesto devel op
steer fattening diets using cane molasses asthe mgj or energy source. Intheinitial studies(Wayman
€t al., 1952; 1953; 1954), three problems were associated with the feeding of high-molassesdiets:
1) the adaptation of cattle to utilize molasses based dietswas very critical and should be done over
aperiod of severd weeks, 2) the feeding of fresh-chopped forage was essential, especially during
the adaptation period, and 3) the level of sugarcane bagasse, the dry roughage source, should be
limited to less than 10% of the diet and the fresh-chopped forage should be limited by restricted
feeding to about 5 to 7% of diet (dry matter basis) after the cattlehave adapted (Table 9). Further
investigationsfound that dehydrated |legume foragecould be completely substituted for freshforage
after aninitial two week period during which fresh foragewasfed. The good peformance of steers
fed diets containing 60% cane molassesis presented in Table 9 (Wayman and Iwanaga, 1956)
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Table9. Hawaiian Data on the Feeding of Diets Containing High Levels of Cane Molassesto
Finishing Beef Steers

Reference Initial Dry matter  Gain  Dry matter:  Dressing
and treatment wit intake®day  day gan percent
____________________________ kg e

Wayman et a. (1952)(182 days)
42% grain-35% forage

-13% mol asses 330 6.7 0.48 14.0 -
40% mol.-25% bagasse
-20% forage 332 7.7 0.25 30.8 -

Wayman et al. (1953)
(4 kg napiergrass; 2nd 70 days)

50% molasses-30% bagasse 255 6.4 0.32 20.0 -
60% mol asses-20% bagasse 277 8.3 0.45 184 -
70% molasses-10% bagasse 245 6.9 0.64 11.0 -

Wayman et al. (1954)(140 days)
65% molasses (ad lib);

20% restricted napiergrass 255 9.9 0.89 111 55
60% molasses; 8% bagasse;
7% restricted ngpiergrass 256 91 0.96 9.5 55

Wayman and Iwanaga (1956)(163 days)
60% molasses; 8% bagasse;

7% restricted ngpiergrass 326 10.3 0.83 124 60
60% molasses; 10% bagasse;
5% dehydrated legume forage 325 9.9 0.92 10.7 60
Olbrich and Wayman (1972)
(4% pineapple bran; 19% bagasse; 135 days)
60% corn meal 308 7.7 1.03 7.5 60
55% molasses 313 9.0 0.86 10.4 60

. 2Estimated from as fed intake values, assuming 90, 80 and 20% dry matter values for dry
ingredients, molasses and napiergrass forage, respeciively.

In asubsequent study (Olbrich and Wayman, 1972) it wasshown that the rate of gain and efficiency
of dry matter utilization of steersfed a55% cane molasses diet was 83 and 72%, respedively, of that
by steers fed a 60% corn meal diet (Table 8). The utilization of total digestible nutrients in the
molasses diet was 78% of that in the corn meal diet.
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Morerecent investigationsto devel op high-cane molasses dietsfor the commercial fattening
of beef cattle were conducted by Preston and co-workers in Cuba (1967a; 1969; 1970a). They
confirmed the conclusions reached by the Hawaiian workers, that cattlehad to be slowly adapted to
molasses based diets through the initial feeding of fresh-chopped forage, after which fresh forage
should be limited to 1.5 kg per 100 kg of body weight or approximately 10 to 15% of the diet dry
matter. It was also found that high intakes of molasses and relatively good animal performance
could also be obtained by restricted grazing (Morciego et a., 1970) (Table 10). The importance of
restricted forage feeding on the performance of growing bulls was demonstrated in commercial
feeding operations (Munoz et al., 1970), results of which are presented in Table 10.

Table 10. Cuban Data on the Feeding of Diets Containing High Levels of Cane Molassesto
Fattening Y ealing Bulls

Dry
Reference Initial Dry matter Gain? matter: Carcass
and treatment wit intakeday  day gan grade
____________________________ kg e
Preston et al. (1967b)°
(Molassesad lib; 140 days)
Foragead lib + 2 kg mol. 216 7.1 0.59 23.7 48
Foragead lib + 1.5 kg mol.
+1.5 kg sorghum grain 218 8.1 0.83 14.5 51
Sorghum grain ad lib +
2 kg molasses 199 6.1 0.94 7.0 53
Preston et a. (1970b)
(70-80% mol. diets; 140 days)
Molasses + .35 kgfishmeal 279 7.4 1.00 7.4 52
Molasses + .67 kgfishmeal 283 7.2 1.09 6.6 52
Molasses + .98 kg fishmeal 282 7.8 1.12 6.9 52
Munoz et al. (1970)
(Commercial feedlot; 20,000 bulls; 180 days)
Foragead lib + 3.1 kg mol. 275 6.7 0.43 15.3
Molassesad lib (8.8 kg);
restricted forage 275 9.5 0.88 10.8

Morciego et a. (1970) (Commercia grazing; 3,500 bulls; 80 days)
Molassesad lib (9.1 kg);
grazing (3.5 hr/day) 313 7.6° 0.83

@ Gain calculated from afinal weight based on carcass dressing percent shown.
® Initial weight on test taken after a 10 day adaptation period.
¢ Dry matter intake of molasses, urea and fish meal only. the prescribed molasses-urea-fish
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An additional factor introduced into this high-molasses feeding system was the utilization
of large quantities of non-protein nitrogen avoiding the use of natural protein concentrates if
possible. However, in comparison to a sorghum grain diet, bulls fed the molasses-urea diet
performed poorly, particularly interms of dry matter utilization (Preston et a., 1967b) (Table 10).
Further investigation showed that some natural protein in the molasses-urea diet was essential and
it was recommended that fattening bullsreceive 140 gm of fish meal daily per 100 kg of liveweight
becauseof itsability to provide by-passprotein (Preston, 1969; 1972). The performance of bullsfed
meal-fresh forage diet on an experimental (Preston et al., 1970b) and commercid feedlot basis
(Munoz et al., 1970) is presented in Table 10. The only abnorma problem encountered with this
feeding system was a hi gh incidence of molasses toxicity in thefeedlot program. The incidence of
this problem was much lower in the restricted grazing program (Morciegoet al., 1970).

Other investigators have al so tested a high-mol asses feeding system and made comparisons
to the performance of cattle fed more conventional diets (Table 11). In Kenya, Creek & al. (1974)

Table 11. Performance of Growing Fattening Beef Catle Fed Diets Containing High Levelsof
Cane Molasses in Comparison to Diets Containing Other Concentrate Ingredients

Reference Initial Dry matter Gain® Dry matter:
and treatments wit intakeday  day gan
____________________________ kg e mmmdmmmmee
Creek et a. (1974)
(Fed 102 and 138 days, respectively)
58% corn slage, 29% hominy 265 7.0 0.84 8.6
58% mol asses, 22% straw, 14% hominy 265 7.0 0.63 111
Molina (1977) °
(Fed 267, 346, and
520 days, respectively)
Sorghum grain diet ad lib 121 1.28
Mol. ad lib, restric. forage® 121 0.90
Napier green foragead lib 121 0.58
Gaili and Ahmed (1980)
45% sorghum grain, 33% wheat bran 141 6.4 0.89 7.2
25% molasses, 29% whest bran,
19% rice bran 141 7.0 0.86 8.1
50% molasses, 23% wheat bran 141 8.3 0.87 9.5

& Calculated from afinal weight based on a 53% carcass dress.
® Feed intake data were not presented.

¢ Fed in accordance with system recommended by Preston et al. (1967a) for feeding high
molasses diets (molasses-urea ad lib, and 1.5 kg and 150 gm of fresh napiergrass and fish meal,

respectively, per 100 kg of liveweight).
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reported that gains and dry matter conversions by steers fed a diet containing 53% cane molasses
were 25 to 30% lower than that by steersfed a58% cornsilagediet. They, too, encountered ahigh
incidence of molassestoxicity (18%) which was completely corrected by repl acing corn silage with
straw, feeding some cereal grain, using a moderate level of urea, and using molasses minimally
diluted withwater. Molina (1977) fed growing calvesto aconstant weight and found that those fed
cane molasses-urea-fish meal and restricted forage gained 30% slower than calves fed sorghum
grain, but 36% faster than calvesfed fresh napiergrassforage (feed intake datawere not presented).
In Sudan, Gaili and Ahmed (1980) found that crossbred bullsfed diets containing 25 and 50% cane
molasses gained similarly to bulls fed a 45% sorghum grain, 33% wheat bran dig, but were
respectively 12 and 32% lessefficient in converting dry matter to gain. Again, a high incidence of
mol asses toxicity (23%) was encountered with cattle fed diets contaning molasses.

As a summary the following conclusions were drawn from the literature studied on the
feeding of molasses in beef cattle fattening diets.

1) Theaddition of lessthan 10% molassesto concentrate fattening d ets has astimul ating effect
on animal performance; improving feed intake, rate of gain and/or feed utilization.

2) Thefeeding of fattening dietscontai ning 20 to40% molasses reduces rate of gan and/or feed
efficiency but to adegree that is explained by the energy content of molassesrelative to the
energy content of ingredientsforwhichit issubstituted. The majority of the feeding datado
not suggest that the energetic efficiency of molassesitself declineswhenitslevel inthediet
exceeds the 10 to 20% level.

3) At moderate levels molasses appears to be better utilized when it is fed withcertain
concentrate feeds such as ground ear corn. This, and other information, suggest that
molasses combines best with certain levels and kinds of fiber in a complete diet.

4) Severa studies have demonstrated that high levels of molasses can be formulated intodiets
for fattening cattle. The success of thisfeeding systemisvery sensitive to feed management
practices, particularly during the initial animal adaptation period, and to diet composition
in general, the production data suggest that the metabolizable nutrients of diets containing
high levels of molasses are utilized less efficiently thanthose of dietsformulated from more
conventional concentrates. The economics of production is the most important factor and
may indicate that feeding high-molasses dietsisjustified in many parts of the world.

Molassesin Forage Diets For Growing Cattle

An often stated beneficial use of molassesisitsadditionto dietsbased onlow quality forages
or roughages to improve pal atability and provide areadily available source of energy. But, it must
be remembered that molasses contans little crude protein and for it, or the diet to which molasses
isadded, to be efficiently utilized a source of supplemental crude protein istheoretically required.
Thisconcept wasclearly demonstrated by Delgado et a. (1978) withyearlingbullsfed fresh pangola
grasswhich contained 4.7% crudeprotan (Table 12). Supplementationwith 1.4 kg of canemolasses
actually reduced rate of gain athough total dry matter intake was substantially increased. Adding
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Table12. Performanceof Growing Cattle Fed Forage Without and With V arious Combinations of
Corn, Cane Molasses, Urea and Plant Protein

Initial Forage  Suppl. Total
Reference weight  intake intake intake Gan
and treatments kg - kg dry matter/day ------ kg/day

Delgado et a. (1978)
(Yearling bulls fed 145 days)

Pangolagrass (4.7% CP) 164 4.6 4.6 -0.04
Forage + molasses 141 4.6 14 6.0 -0.15
Forage + molasses-urea 154 6.3 1.6 7.9 0.33
Forage + sunflowerseed meal 161 6.9 1.2 8.1 0.57
Toranzoset al. (1975)
(Steersfed 56 days)
Sorghum silage unsupplemented 340 59 59 0.49
Silage + 3 kg molasses-urea 354 5.6 24 8.0 1.11
Silage + kg corn + 2 kg alfalfa 357 5.0 4.6 9.6 1.29
Bond and Rumsey (1973)
(Calvesfed 112 days)
Hay alone (9.4% CP) 99 3.2 3.2 0.26
Hay + molasses ad lib, 104 25 0.6 31 0.29
Hay + molasses-ureaad lib 108 31 04 35 0.28
Bond and Rumsey (1973)
(Yearling steersfed 84 days)
Hay alone (4.3% CP) 213 6.0 6.0 0.52
Hay + molassesad lib 194 52 2.6 7.8 0.56
Hay + molasses-ureaad lib 220 4.5 24 6.9 0.52
James (1973)*
(Steersfed 160 days)
Derinded cane + tops 299 7.2 19 9.1 0.99
Mol asses Supplement 312 5.9 5.8 11.7 1.08
Corn Supplement 312 5.3 54 10.7 1.27
Pangolagrass 290 6.7 18 85 0.82
M olasses Supplement 291 5.8 55 11.3 0.98
Corn Supplement 289 6.1 5.0 111 117

& Urea contai ning (60% of N) supplement fed at 1.8 to 1.9 kg/steer/day.
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Table 13. Performance of Growing Heifers Fed Forages With Various Combinations of Cane
molasses and Corn Supplements Containing, Urea or Plant Protein

Initial Forage  Suppl. Total
Reference weight  intake intake intake Gain
and treatments kg --—-- kg dry matter/day -----  kg/day

Bohman et al. (1954) @
(Heifers fed timothy hay

(6% CP) for 9 to 12 weeks)
Hay + molasses-urea 370 7.0 2.6 9.6 0.33
Hay + corn-soy 371 6.1 2.0 8.1 0.41
Hay + molasses-soy 371 6.7 2.6 9.3 0.37
Hay + molasses-corn-urea 368 6.9 2.8 9.7 0.33

Daviset a. (1955) #

(Heifersfed hay and corn

silage (10% CP) 148 days)
Corn supplement 332 6.3 1.9 8.2 0.64
M ol asses supplement 332 6.4 24 8.8 0.70

Merrill et al. (1959) 2
(Hay-com silage (10% CP)
fed to heifers for 169 days)

Forage + corn-soy 311 6.5 15 8.0 0.66
Forage + molasses-soy 314 7.0 1.6 8.6 0.66
Forage + molasses-urea 312 7.2 1.6 8.8 0.56

King et a. (1960) #
(Heifersfed oa silage (9% CP)
or oat hay (6% CP) for 84 days)

Oat silage + 1.4 kg mol. 258 4.4 1.0 54 0.60
Oat silage + 2.7 kgmol. (ad lib) 261 3.6 2.0 5.6 0.65
Oat hay + shelled corn 252 4.3 19 6.2 0.63
Oat hay + mdasses (ad lib) 252 4.2 19 6.1 0.60
Oat hay + molasses-urea (ad lib) 262 4.5 1.8 6.3 0.40

2 All diets were isonitrogenous.
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Table14. Effect of Different Levelsof Cane Molassesin Forage or Roughage Dietson Dry Matter
Intake and Gains by Growing Cattle

Initial Forage  Molasses Total
Reference weight  intake intake intake? Gan
and treatments kg - kg dry matter/day ----- kg/day

Silvestre et a. (1978)
(sugar cane-molasses
mixed diets, 141 days)

0% molasses 204 3.2 3.6 0.06
19% molasses 215 3.2 0.9 45 0.17
32% mol asses 214 3.3 1.8 5.6 0.19
41% mol asses 224 3.3 2.6 6.4 0.23

Brown (1962; 1967)
(140 and 112 days, respectively)

25% molasses-45% bagasse 299 11.0 0.75
30% molasses-40% bagasse 299 10.8 0.75
35% molasses-35% bagasse 299 11.7 0.85
40% molasses-30% bagasse 299 11.6 0.79
35% molasses-35% bagasse 234 7.3 0.32
40% molasses-30% bagasse 234 9.0 0.69
45% molasses-25% bagasse 234 9.5 0.66
50% molasses-20% bagasse 234 9.8 0.85

Eliaset a. (1969)
(Fresh napiergrass,
molasses ad lib, 230-249 days)

1.5 kg fresh grass/100 kg liveweight 191 0.7 4.9 6.8" 0.78°
2.5 kg fresh grass/100 kg liveweight 195 1.1 5.1 7.4 0.78°
3.5 kg fresh grass/100 kg liveweight 196 1.5 4.9 7.7° 0.86°
4.5 kg fresh grass/100 kg liveweight 196 1.9 48 790 083"

@ Total dry matter intake values also include protein and mineral supplement.
® Calculated from afinal weight based on a52% carcass dress.
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ureato the molasses markedly increased rate of gain and theaddition of sunflower seed meal resulted
in an even better rate of gain. Toranzos et al. (1975) aso reported a very podtive response in rate
of gain by steersfed asorghum silage die when supplemented with 3 kg of amol asses-ureamixture.
Bond and Rumsey (1973) found that weaned calvesor yearling steersfed hay dietswhich contained
9.4 and 4.3% crude protein, respectively, did not respond to molasses supplementation, but neither
was there a response to a molasses-urea supplement.

James (1973) conducted astudy with derinded sugar cane, cane tops and pangol agrass diets
in which a urea containing (60% of the N) protein-mineral-vitamin supplement was fed in all
experimental treatments (Table 12). Supplementation with 3.8 kg of molasses dry matter (33% of
diet) increased rate of gain 10 to 15%. However, supplementation with 3.3 kg of corn grain
increased rate of gain 30%.

Several studies reviewed did not use a negdive control (forage alone) or the molasses
supplement was fortified with urea or natural protein (Table 13). These studies demonstrated that
molasses was equal to corn grain as an energy supplement in forage based diets fed to growing
heifers, if plant protein provided the supplemental nitrogen (Bohmanet al., 1954; Daviset a ., 1955;
Merrill et al., 1959; King et al., 1960). In studies where urea provided the nitrogen source in the
mol asses supplement a lower rate of gain was obtained.

Silvestreet al., (1978) fed growing bullssugar cane based dietscontaining 0, 19, 32 and 41%
cane molasses and found that the addition of 19% molassesimproved rate of gain, but the animals
did not significantly respond to further increases in the percentage of molasses in the diet even
though there was alinear increasein dry matter intake (Table 14). Brown (1962; 1967) a so noted
littledifferencein rate of gain or dry matter intake by steers fed bagassediets containingfrom 25 to
40% cane molasses. But, in asecond study there wasan increase in bath dry matter intake and rate
of gain by
steers fed bagasse diets as the level of molasses increased from 35 to 50% (Table 14). At the
oppositeextreme, Eliaset a., (1969) reported that increasing levels of foragein diets containing 61
to 70% molasses increased total dry matter intake by fattening bulls, and slightly increased rate of
gain (Table 14).

The response to molasses supplementation appears to be related o the roughage with which
it is fed. Brown (1962; 1967) reported a much lower rate of gain by stees fed a bagasse diet
contai ning 20% cane mol asses than that of steers fed grass hay, rice straw or cottonseed hull diets
containing 20% molasses (Tale 15). The best rate of gain was obtained with the rice straw diet.
However, When steerswere fed these same roughageswith 40% mol assesthere waslittle difference
in the performance of animals fed the diff erent roughage sources (Table 15). With growing bulls
fed diets containing80% molasses, Salaiset al., (1977) noted amuch lower rae of gainwhen either
sugar cane or canetopswereused as aroughage source thanwhen either bermudagrassor amixture
of bermudagrass and alegume forage was provided (Table 15).



Table15. Effect of Various Roughage Sourceson the Performance of Cattle Fed Diets Containing
Moderate to High Levels of Cane Molasses

Reference Initial Dry matter Gan?® Dry matter
and treatments wit intake day day gan
_______________________________ kg e
Brown (1962; 1967)
(154 days)
20% molasses-63% bagasse 298 6.9 0.40 17.3
20% mol asses-63% grass hay 298 10.6 0.69 154
20% molasses-63% rice straw 298 11.3 0.85 13.3
20% molasses-63% cotton hulls 298 12.2 0.67 18.2
Brown (1962; 1967)
(112 days)
40% molasses-30% bagasse 252 8.4 0.79 10.6
40% mol asses-30% grass hay 252 9.3 0.83 11.2
40% molasses-30% rice straw 252 8.5 0.73 11.6
40% molasses-30% cotton hulls 252 9.8 0.70 14.0
Salaiset al. (1977)°
(63 days)
80% molasses + sugar cane 203 4.1 0.38 10.8
80% molasses + sugar cane tops 206 4.0 0.35 114
80% molasses + bermudagrass 202 5.0 0.58 8.6
80% molasses + bermudagrass
+ Leucaenaleucocephala 202 5.0 0.62 8.1

& Gain data based on actual initial and final weights, carcass data were not obtained.
® Forages were fed as fresh chopped material.

From the above data the following conclusions can be drawn relative to the addition of
molasses to forage or roughage diets.

1) A nitrogen supplement should be provided with molasses when added to low quality forage
diets, and natural protein is superior to non-protein nitrogen sources.

2) Molasses supplementation will usually result in alower intake of forage dry matter but an
increased intake of total dry matter.
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3) Thebenefitsin rate of gain obtained with molasses supplementation are disproportionatdy
lower relative toincreases obtained in total dry matter intake. This may result from poorer
utilization of forage dry matter.

4) Theresponseto maassesfeedingappearsto berdated to the forage or roughage with which
itisfed.

M olasses Supplementation of Growing Cattle on Pasture

Molasses is most often fed to growing cattle as a supplement to pasture. The organic soil
region of Florida has provided the opportunity to study molasses strictly as an energy supplement
because green St. Augustinegrass pasture which contains 14% or more crude protein is available
year-round (Pateet al., 1980). Also, cane molasses produced in thisareacontains 7% or more crude
protein. Grazing studies(Kidder and Beardsley, 1952; Chapmanet al., 1953; 1961; Pateet al.,1972;
Pate, 1978) have shown a meager response of around 0.1 kg per day of additional gain by steers
consuming approximately 2 kg per day (ad lib) of blackstrap molasses (Table 16). Results of the
above studies indicated that the response to molasses supplementation was |ow whether fed during
the winter when the quantity and quality of St. Augustine grass were limited or during the summer
when forage was abundant. Evenin studies conducted on mineral soil where forage availability or
guality were not extremely limited (Morrisand Gulbransen, 1970; Carlo et a., 1972; Holder, 1972,
Veitiaet a., 1974; Villaca et al., 1976), growing cattle have shown an inconsistent response to
molasses supplementation but average regponse which tends to agree with the Florida data(Table
17).

Delgado et a., (1975) and Vilelaet al., (1976) presented evidence that grazing cattle might
respond best to mol asses-urea f eeding when f orage availability was extremely low, aswould occur
with dry season pasturesin Cuba (Table 18). This responsewas not confirmed by Copemanet al.,
(21977) with steers grazed under similar conditions and fed a molasses-natural protein-urea
supplement in northern Australia (Table 18). Also in Cuba, Porres (1971) and Martin and Alfonso
(1978) observed apoorer response by grazing cattle to molasses or mol asses-urea supplementation
during the dry season than during the wet season (T&ble 19).

The response of growing cattl e to molasses supplementation and its relationship to forage
availability hasbeen best demonstrated in studiesinvolving varying stocking rates. Chapman (1965)
showed that the response of grazing cattle to molasses feeding was much higher (.16 vs .09 kg per
day) on heavily stocked pastures than when the molasses fed group was compared to an
unsupplemented group of steers grazed at a lower stocking rate (Table 16). Hart et al., (1971)
graphically demonstrated this relationship between stocking rate and response to molasses
supplementation. By progressively increasing the stocking rate of steers grazing orchard grass
pasture the response to the feeding of 4 kg per steer per day of cane molasses was increased to
approximately 0.2 kg daily of additional gan, which appeared to be the maximum response
obtainable. This maximum response by grazing steers to molasses feeding would be supported by
the literature in general.
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Table 16. Effect of Blackstrap Molasses Supplementation to Yearling Steers Grazing St.
Augustinegrass Pasture Which Contaned 14-16% CrudeProtein

Reference Initial Gain
and treatments wt kg kg/day

Kidder and Beardsley (1952)
(Winter, 3 trias; 120 days)

Pasture alone 292 0.53
+ 2.4 kg molassesad lib 287 0.62
+ 2.2 kg ear corn 290 0.68

Chapman et al. (1953),
(Winter, 3 trials; 122 days)

Pasture + 3.1 kg cane molasses 298 0.52
Pasture + 3.5 kg dtrus molasses 299 0.51
Pasture + 2.3 kg gr. ear corn 302 0.53
Pasture + 2.3 kg citrus pulp 301 0.49

Chapman et al., (1961)
(Winter, 140 days)

Pasture alone 314 0.48
+ 2.6 kg molasses 306 0.65
+ 2.6 kg ear corn 314 0.72
Pate (1978)
(3 trids, 240 days)
Pasture alone 246 0.29
+ 1.4 kg molasses 246 0.37
+ 2.2 kg molasses, ad lib 246 0.39

Pate et al., (1972)
(Fed 351 and 309 days, respectively)

Pasture alone 238 0.43
+ 1.4 kg molasses, ad lib 240 0.49
Chapman (1965)
(Summer-Fall, 206 days)
Pasture, 5.0 steerghectare (ha) 307 0.43
Pasture, 7.5 steers/ha 309 0.36
+ 1.8 kg molasses, 7.5 steers/ha 307 0.52
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Table17. Effect of Supplementing Growing Cattle Grazing Fertilized and/or Wet Season Pasture
with Molasses or Molasses-Urea

Reference Initial Gain
and treatments wt. kg kg/day

Morris and Gulbransen (1970)
(Rhodesgrass, 104 days)

Pasture only (6% CP) 154 0.38
+ 2 kg molasses, ad lib 148 0.43
+ 2 kg molasses-urea, ad lib 148 0.51

Carloetal., (1972)
(Fertilized pasture, 361 to 400 days)

Pasture alone 165 0.42
+ 1.4 kg molasses 163 0.48
+ 1.4 kg corn 174 0.55
Holder (1972)
(Fertilized Pangolagrass, 280 days)
Pasture alone (4 to 6% CP) 152 0.47
+ 2.2 kg molasses-urea 157 0.42
+ 2.0 kg copra mesal 164 0.62
+ 2.2 kg rice bran 151 0.56

Veitiaet ., (1974)

(Fertilized pangolagrass, 157 days)
Pasture alone 181 0.54
+ 3.7 kg molasses-urea 178 0.51

Villacaet a., (1976)
(Molasses grass, 140 days)

Pasture alone (5-6% CP) 268 0.56
+2.5 kg molasses 263 0.64
+2.8 kg molasses-urea 267 0.74

-38-



Table18. Effect of Supplementing Growing Cattle Grazing Poor Quality Dry Season Pasture with
Molasses or molasses-Urea

Reference Initial Gain
and treatments wt. kg kg/day

Delgado et d., (1975)

(Pangolagrass, 148-165 days)
Pasture alone (3 to 5% CP) 299 0.37
+ 1.9 kg molasses-urea-natural protein 301 0.77

Vilelaet a., (1976)

(Guineagrass 84 days)
Pasture alone (65 CP) 403 -0.04
+ 2.3 kg molasses-urea 422 0.23

Copeman et al., (1977)

(Grass-legume, 134 days)
Pasture alone 0.40
+ 1.7 kg molasses-urea-natural protein 0.43

Table 19. Effect of Supplementing Growing Cattle Grazing Wet and Dry Season Pasture With
Molasses or Molasses-Urea

Reference Initial Dry season  Wet season
and treatments wt. kg - Gain, kg/day---—--- Tota
Porres (1971) @
(Fertilized Pangolagrass)
Pasture alone (8-15% CP) 188 0.52 0.91 0.64
+ 3.1 kg molasses 185 0.53 0.96 0.69
+ 3.6 kg molasses-urea 193 0.57 1.01 0.73

Martin and Alfonso (1978) °
(Pangolagrass, fertilized wet season)

Pasture alone 160 0.17 0.27 0.20
+1.5 kg molasses-urea 155 0.20 0.48 0.30
+2.5 kg molasses-urea 149 0.22 0.52 0.33

Stocking rates were 4.8 and 7.3 animals per hectare for dry and wet seasons, respectively.

® In this Sudy the dry season grazing period followed the wet season grazing period.
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The above data bring out two points relativeto supplementing grazing steers with mol asses.
First, there is a slight additive response in rate of gain dotained with molasses feeding, probably
through an increase in total daily dry matter intake as was demonstrated with grazing steers by
Brannon et al. (1954). Second, molasses feeding to grazing cattle substitutes in part for intake of
forage as was shown in the previous section which discussed the feeding of molassesin forage or
roughage diets. Thus, the feeding of molasses to grazing cattle also extends the availability of
pasture forage or inareases stockingrate. In fact, this latter point was accuratdy demonstrated by
Mott et al. (1967). Their data (Table 20) showed that the, feeding of 2 kg per day of cane molasses
to steers grazing quineagrass pasture increased daily gain up to .07 kg per day (10 to 15%) and
increased stocking rate up to 0.5 animals per hectare (15 to 20%). If molassesis fed to growing
cattle grazing pasture only during the dry or winter seasons perhaps its benefits should be viewed
solely from the standpoint of anincreased stocking rate. Inastudy similar to that conducted by Mott
et al. (1967), but involving a dry concentrate supplement fed only during the dry season, Bisschoff
et al. (1967) found that the increased gai ns of growing steers obtained from supplementation during
the dry season were lost during the subsequent wet season when forage was abundantly available.

Table 20. Effect of Blackstrap Molasses and Urea Supplementation on the Performance of
Two-Y ear-Old Steers Grazing Guinea grass Pastures (Mott et al., 1967)

Trialsand Dry season? Wet season ® Tota
Treatments 112 days 196 days 308 days
Onetrial, 367 kgsteers ~ cmemememmmeee- Gain, kg/day ------------—------

Pasture aone -.07 .68 41
+ 1.3 kg molasses A7 72 52
+ 1.4 kg molasses-urea”® 21 71 52
+ 1.0 kg ear corn-urea® 24 .64 50
Threetrials, 310kg steers e Gain, kg/day ------------------
Pasture aone 32 .63 49
+ 2 kg molasses® .39 .67 .56
------------- Stocking rate, steerdhectare --—-----
Pasture aone 121 2.19 1.80
+ 2 kg mol asses*® 1.37 2.67 2.16

& CP content of guinea grass was 4 to 5% for dry season and 8 to 9% for wet season.
® Ureaintake was 81 and 69 gm per steer daily for molasses and ear corn diets, respectively.

¢ Molasses containing 5% urea was fed in one trial with no noticeable response in animal
performance relative to the other two trials.



Several studies have made direct comparisons between molasses and Other energy feeds as
supplements to growing cattle on pasture (Kidder and Bearddey, 1952; Chapman et a., 1953;
Chapman et a., 1961; Mott et al., 1967; Hart et al., 1971; Carlo et al., 1972; Holder, 1972). In
general, the results show that corn and other concentrate feeds were superior to molassesin terms
of increasing rate of gain (Tables 16, 17, and 20).

Molassesisoften mixed with additivesfor use asasupplement to cattle grazing pasture. The
most important of these is non-protein nitrogen compounds, usually urea. Several studies have
shown an advantage of adding ureato molasses (M orrisand Gulbransen, 1970; Porres, 1971, Villica
et a., 1976), but others did not indicate an advantage in rate of gain with the addition of ureato a
molasses supplement (Mottet al., 1967) or showed that cattle werelessresponsiveto molasses-urea
than to other energy-protein supplements (Holder, 1972) (Tables 17, 18, and 20).

Inaddition to being mixed with non-protein nitrogen compounds, mol asses hasbeen used
as a carrier for many minerals, vitamins, growth stimulants and medicinals (Chapman and Pace,
1974). In some cases, the feeding of these additives with molasses appeared to be superior to other
methods of administration. For example, Copeman et al. (1977) reported a response by growing
cattle to copper and cobalt supplementation when added to molasses as compared to no response
when these elements were administered through injections to theanimal. These daa also sugges
that certain addtives may bebeneficial to theutilization of molasses.

To summarize the above discussion the following conclusions are offered.

1) Theintake of molassesby growingcattle on pastureisrelatively low (2to 4 kg per day), thus
molassesitself is not a very palatable feed.

2) Growing cattle fed amolasses supplement will gain an additional 0.1 to 0.2 kg per daywith
arelative poor efficiency in terms of additional gain per unit of molasses consumed.

3) Grazing cattle fed molassestend to eat lessforage, thusit should be fed only during period's
when pasture forage is limited. This woud maintain highe stocking rates during these
periods, which would allow more effici ent utili zation of f orage available during the summer
or wet season growth periods. Any benefits obtained in increased gains from molasses
supplementation during thedry or winter season may belost during subsequent periodswhen
forageis more available.

4) Molasses supplementation to grazing animals is the area of production that would most
benefit from additional research. Many questionsremain unanswered relative to the use of
non- protein nitrogen and other additives that couldimprove the utilization of molasses and
the total supplemented diet.

M olasses for Brood Cows

In recent years, molasses has been increasingly used as a supplement for brood cows. In
Florida, Chapman et a. (1965) conducted a four-year study which evaluated blackstrap molasses
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solely as an energy supplement to producing cows grazing St. Augustine grass pasture on organic
soils. Asdiscussed in the previous section crude protein requirements were more than adequate
under the conditions of thisstudy. Treatmentsincluded an unsupplemented control, thefeeding of
2.3 kg daily of molassesduring a130-day winter period which included the breeding season, and the
feeding of 2.3 kg daily of molassesyear-round. Six bresd groupswereused whichincluded straight-
bred Angus, Brahman and Hereford cattle and the three possible two-way cross-breds (cows and
calves) of thesethree breeds. Various production measures are presented in Table 21. There was
adefinite breed difference with respect to straight-bred vs. cross-bred cattle. The winter feeding of
about 300 kg of molasses to straight-bred cows increased both cow reproduction and calf survival
and weaning rate which resulted in a 26 kg increase in annual calf production per cow. Winter
supplementation of cross-bred cows primarily increased calf weaning weight, and annual calf

Table2l. Effectof Seasonal andY ear-Round M ol asses Suppl ementati on on Performance of Brood
Cows Grazing St. Augustinegrass on Organic Soils (Chapman et al., 1965)

Molasses Supplementation #

Production Winter Y ear-
trait None Season round

Pregnancy rate, %"

Straight bred ¢ 83.8 91.0 925

Cross bred @ 93.3 94.5 95.4
Cdlf survival, %

Straight bred 88.6 93.7 98.2

Cross bred 96.8 94.2 95.9
Weaning rate, %

Straight bred 74.2 84.4 90.8

Cross bred 90.3 89.0 915
Calf weaning weight, kg

Straight bred 141 154 163

Cross bred 163 177 176
Annua Production/cow, kg ©

Straight bred 104 130 148

Cross bred 147 158 161

& Molassesfed at 2.3 kg per cow dailx Winter feeding was 130 days beginning December |.
® Based on number of cows exposed to bulls.

¢ Angus, Brahman and Hereford cows.
4 Cows and calves were al the possible two-way crosses of the abovebreeds.

¢ Average weaning weight of calf x weaning rate + 100.
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production per cow by 11 kg. Year-round feeding of straight-bred cows with about 600 kg of
molasses further increased annual calf production per cow by 18 kg over winter supplementation,
but cross-bred cows did not exhibit the additional response to year-round molasses feeding.
Seasonal and year-round molasses feeding also increased cow weights 15 and 20 kg, respectively,
which would have economic implications in terms of cull cow sales.

Additional information is currently being collected on molasses supplementation of Angus
x Brahman cross-bred cows in the organic soil region of Florida (Pate, unpublished data). Three
years of data have shown that the feeding of 2.3 kg daily of molasses during a 70-day winter
breeding season or a 135-day fall and winter cadving and breeding season increased annual cdf
production per cow by 16 and 24 kg and cow weights 18 and 15 kg, respectively, over that of cows
not fed molasses.

In Oklahoma (Totusek et al., 1971) and Louisiana (Pearson, 1974), range cows fed a
high-crude protein liquid feed during the winter months produced lighter calves at weaning or had
alower calf crop than cows supplemented with cottonseed meal. In contrast, Grelen and Pearson
(1977) reported that the year-round ad lib feeding from alick tank of a 32% crude protein liquid
mixture to range cows in Louisiana produced a 10% higher calf crop and 7 kg heavier calves at
weaning than cowsfed an average of 1 kg daily of cottonseed meal during thewinter months. These
resultssuggest that range cowsrespond best to year-roundfeeding of amolasses-ureamixturewhich
includesthe spring breeding season. It wasinteresting that with year-round feeding cows consumed
about 2 kg daily of liquid supplement during the summer as compared to only 0.9 kg during the
winter months. The question presented is to what extent the benefits derived from year-round
supplementation were due to the additional energy provided by molasses in comparison to the
additional nitrogen.

In a series of one-year feeding experiments, Rush and Totusek (1976) found that grazing
brood cows fed dry supplements containing natural protein or urea during a 140-day winter period
tended to lose less weight than cows fed a liquid supplement containing urea. Also, cows fed 1.6
kg daily of a liquid supplement containing urea lost less weight than those fed 3.1 kg of cane
molasses. However, cows that lost the most weight during the winter gained more weight during
the subsequent summer period, and the birth and weaningwei ghts of calveswere similar regardless
of the winter supplementation regime. Inal118-day wintering trial Bond and Rumsey (1973) found
that non-lactating beef cows fed timothy hay containing 4.3% crude protein lost less weight than
cows fed hay and 2.1 kg daily of cane molasses or cane molasses-urea.

Brown (1962; 1967) evaluated different roughage sources in 40%, cane molasses
supplements fed to brood cows on open range. During a 41-day winter feeding period, cows fed
supplementscontaining either bagasseor cottonseed hullslost considerably more weight than cows
fed supplements containing grass hay or rice straw (roughage was 27.5% of supplement). These
data support those results previously discussed relative to the influence of the roughage source on
the response of growing cattle to diets containing molasses.



Thefollowing general conclusionsare presented rel ative tothe feeding of molassesto brood
COWS.

1) Molasses supplementation of grazing brood cows will improve cow reproduction and calf
weaning weights. Straight-bred cows appear to respond better to molasses feeding than
cross-bred cattle.

2) Molasses should be fed to brood cows only during periods of poor forage production,
although straight-bred cattle or cattle grazing range appea to respond to year-round mol asses
supplementation.

3) Additional information is needed rdative to the use of formulated liquid supplements to
better define the bendits of non-protein nitrogen and other additives. Thereis a particular
need for long-ter m studies (3to 5 years) which eval uat e the benefi ts of molassesasan energy
source and non-protein nitrogen as a crude protein source, both separately and in
combination.
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