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MOLASSES, CASSAVA AND COTTONSEED
MEAL AS bUl’PLILMleb TO FRESH AND
ENSILED SUGARCANE TOPS'

Antonio Leandro Estima, Giovani Caricio Caldas, Silvio
Parente Viana and Manuel Francisco de Morais
Cavalcante;” Arthur Roberto L. de Carvalho
and Maria Sales Farias;® and Glen P, Lofgreen’

Summary

Experinwnts' were  conducted to  determine  the
growth response of Holstein and Zebu cattle to supple-
mented and unsupplemented fresh or ensiled sugarcane
tops. Supplements studied were molasses, cassava and
cottonsecd meal. Gains made by cattle fed unsupple-
mented silage were significantly lower than those on
unsul)p]cm(*nt(‘(l fresh cane tops. Data on cnergy utiliza-
tion, however, indicated the problem was one of palat-
ability and not nutrient utilization. Fresh cane tops alone
maintained hody weight while cattle receiving silage lost
weight.

Neither molasses nor roots of cassava fed at the
rate of 0.5 kg. per 100 kg. of hody weight had any stimu-
latory eftect as a supplement to cane tops. Cottonseed
meal, on the other hand, caused a stimulation of 0.78 kg.
per head per dav when fed at the same rate.

Net energy values for maintenance and for produc-
tion were determined for cane tops and for ccttonseed
meal by a comparative slaughter technique using the
specific gravity of the carcasses of an initial sample group
and all animals slaughtered at the end of the study. The
net energy for maintenance of cane tops, cither fresh or
censiled, was 1.04 megeal. per kg, of dry matter, while the
net energy for production was 0.46 megeal. per kg, of dry
matter. The corresponding values for cottonseed meal
"An Alliance for Progress Project under the USAID-IRI Contract in Bragil.
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were 162 and 1.27 megeal. per kg, of dry matter. Thus,
for maintenance, cane tops were worth 644 of cottonseed
meal as an energy source, but for production cane tops
were worth ouly 36% the value of cottonseed meal.

Introduction

Despite the fact that it is known that sngarcane tops
are deficient in protein® as a feed for beel cattle, little
work has been done to determine the actual (luzlntitzlti\'c
response produced by a given amomnt of protein supplc
ment. Molasses and cassava roots are readily available in
Brazil as carbohvdrate supplements for cattle feeding.
The gnantitative response of cattle fed cane tops and
cither molasses or cassava roots without a pmtcin suppl('-
ment has not been determined. 1t seened desirable, there-
fore, to determine if animals can utilize cane tops plus
cither molasses or cassava without a protein supplement
and to determine the quantitative response produced by
a protein supplenient.

Since the availability of cane tops for cattle feeding
is scasonal, it also scemed desirable to determine if
ensiled cane tops would produce the same re spouse as
fresh cane tops.

It is generally recognized that net cnergy (NE)
expresses the useful energy content of feeds more ac-
curately than any other measure. No information is avail-
able, however, on the NE content of cane tops or of
cottonseed meal used as a supplcmcnt to cane tops. Such
information would be of value in comparing the relative
usefntuess of feeds.

It is often claimed that on low protein rations Zebu
animals perform better than animals of 1 curopean blood.
Since tresh or ensiled cane tops alone or with molasses
or cassava are low pl()tcm rations, the ()ppmtumt\ was
available to compare the two tvpes of cattle on low and
adcquat(' pl()tcm rations.

The objectives of the study herein reported were:



1o

To determine the qunntitati\'(! response pl'()(luccd
by a pr()tcin supp]em(‘nt fed to beet cattle re('('i\'ing
cane tops.

To determine it beet cattle will gain on cane tops
plus carbohyvdrate supplements of molasses or cas-
sava roots.

To compare fresh and ensiled cane tops when fed
to heef cattle.

To determine the net energy of cane tops and of
cottonseed meal.

To compare Zebu and Holstein cattle on low and
u(lequut(' pr()tcin rations.

Experimental Procedure

The experiment was conducted at the cattle feeding

facility at the Cedro Experiment Stzltl()ll in Vitoria de
Santo Antio from January 31 to May 22, 1966, a pell()(l
of 112 days. Plate T shows a view of the feeding shed and
feed room of this facility.

Plate 1
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Twentv-four Tolstein cattle averaging 264 kg,

View of the cattle feeding facility at the Cedro Experiment Station,



body weight and 24 Zebu cattle averaging 246 kg. were
assigned to the experiment, the design of which is shown
in Table 1. One animal in cach outcome group of three
was a steer, while the other two were bulls. Six repre-
sentative animals were selected at random within breed
for the initial slaughter group. The mean shrunk weight
of the Holsteins slaughtered initially was 257 kg., and
that of the Zebus was 251 k.

Fresh cane tops were obtained near the station, and
the silage was made with no preservative and stored in
trench silos. The chopper used did not do an adequate
job of chopping the leaves, and many went into the silo
intact or merely shredded, which made packing difficult.
The cane tops were also somewhat dry, having usually
heen allowed to remain in the field at least one day before
being brought to the silo. Consequently, the silage was
not of top qualitv. The fresh cane tops were chopped
prior to feeding. Twice daily the supplements were fed
on top of a small amount of chopped cane tops or silage
and the animals allowed to cat this material before more
roughage was fed. In this manner the supplements were
fed at the predetermined level of 0.5 kg. per 100 kg. body
weight, and cane tops or silage was fed ad libitum. Ad-
justments in the quantity of supplements were made at
cach weigh period of 28 davs. Animals were weighed
after an evernight stand without feed or water.

Prior to taking of the initial weight, all animals, in-
cluding those to be slaughtered for initial body composi-
tion, were fed for a ten-day standardization period during
which the ration consisted of a free-choice mixture of
fresh cane tops and silage, 1.0 kg. of molasses, 1.5 kg, of
cottonseed meal, 40 g, of bone meal and 40 g. of enriched
salt per head per day. Immediately after taking the initial
weight, the animals were given their respective rations
and the initial slaughter gioup was slaughtered the morn-
ing of the same day. Animals were fed in groups of three
according to the outcome groups shown in Table 1. The
warm carcass weights were made at the time of slaughter,
and the underwater weights for the determination of

11
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Technicians making underwater carcass weights for determination
of carcass specific gravity,

Plate 2.

specific gravity were taken after the carcasses were
chilled for 24 hours. Plate 2 shows technicians making
underwater weights of the carcasses of the initial slaugh-
ter groups. Calculations of empty hody weight, hodv
composition and the net energy values were determined
by the comparative slaughter method described in the
literature."*

Tanre 1. Design of experiment.

Breed
Roughage Supplement Holstein Zebu
No. of animals

: None 3 3
il s o Molasses 3 3
Ensiled cane tops ! Cassavat roots ] 3

| Cottonsced meal 3 3

i None 3 3
. i Molasses 3 3
“resh cane tops I
Fresh cane tops ‘ Cassava roots 3 3

i Cottonseed meal 3 3
Initial slanghter group 6




Results and Discussion

Feed Consumption, Weight Gain and Body Com position

Table 2 presents the feed consumption and shrunk
weight gains of each outcome group of three animals.
Analvsis of variance revealed interactions of little conse-
quence, and hence the significance of the main effects is
shown in Table 3

Slqnlh(antl\ less dry matter was consumed by the
animals cating silage compared with those cating Fresh
cane tops. This und()nl)tcdl\ was a reflection of thc poor
quality of the snlagc The lowered consumption of drv
matter resulted in a significant reduction in dailv gains.

The (()nsumptmn of molasses and cassava cach
caused a significant reduction in drv matter intake. The
extra nutrients from the supplem( nts however, were suf-

TanLe 2. Feed consumption and weight gains.

Daily feed consumption Daily
Treatment As fed | Dry nmll:r " :\]“:;;llll;
aee Supple- e Supple- Weig
Roughage ment Roughag ment gain
kg. ke. kg, kg. kg.
Fresh cane tops
Holstein
No supplement 174 0 130 0 0.06
Molasses 14.9 1.43 1.86 1.06 —0.03
Cassava roots 15.9 1.30 4,14 0.70 0.05
Cottonseed meal 232.6 1.56 5.87 1.42 0.75
Zebu
No supplement 16.2 0 4.21 0 0.10
Molasses 1.6 1.20 3.01 0.89 —-0.04
Cassava roots 13.7 1.22 3.54 0.65 0.08
Cottonsced meal 21.1 1.45 5.49 1.32 0.87
Silage
Holstein
No supplement 10.2 0 4.01 0 —-0.21
Molasses 8.0 1.34 3.14 1.00 —-0.18
Cassava roots 9.0 1.32 3.49 0,71 -0.04
Cottonseed meal 13.1 1.38 5.10 1.26 0.57
Zebu
No supplement 8.4 0 3.29 0 —-0.27
Molasses 6.7 1.22 2.62 0.91 —-0.2"°
Cussava roots 7.1 1.21 2.78 0.65 —0.26
Cottons2ed meal 12,3 1.33 4.75 1.21 0.60

13



TaBLe 3. Comparison of main effects.

) ~ Duily feed consumption Daily
Treatment _Asfed Dryv matter shrunk
o Supple- o Supples weight
Ronghage ment Roughage ment gain
kg. ke kg. kg. kg.
Roughages:
Fresh tops 16.7v 1.02 4,330 0.76 0.238
Silage 9.4h 0.98 3.650 0.72 0 b
Supplements:
None 13.0a 0 .00 0 —{).08
Molasses 10,3 1.300 3160 0.97» —().12u
Cassava roots 114 1.274 349 0.68» —0.04»
Cottonseed meal 17,34 144" 5.504 1.31¢ 0.70b
Breed:
Holstein 13.92 1.04 4200 0.77 0.12
Zebu 121" 0.95 3710 0.70 0.11

ade d Means in the same comparison group having different superseripts are
significantly different (P < 0.05),

ficient to offset the drop in roughage consumption $o
that there was no significant difference in weight gain.
Neither of these supplements improved weight gains.

The consumption of cottonseed meal caused a
marked increase in roughage consumption and weight
gains. It is obvious that the protein deficiency is the pri-
mary limitation of cane tops since carbohvdrate supple-
ments such as molasses or cassava did not stimulate gains
while cottonseed meal caused a marked increase.

The breed comparison indicates a significantlyv lower
dry matter consumption for Zebus with no significant dif-
terence in daily gain, thus indicating hetter feed utiliza-
tion by the Zebu animals.

Because of the obviously poor performance of the
animals supplemented with molasses or cassava, only
the check animals receiving no supplement and those
supplemented with cottonseed meal were slaughtered
at the termination of the experiment to determine empty
body weight and energy gains.

Table 4 presents a summary of the main effects from
the data accumulated from the comparative slaughter
technique. It is of interest to compare the gain in shrunk

14



TasLE 4. Main effects from comparative slaughter data.

. Roughage - Supplement Lo Breed
Item of interest Fresh Silage Cottonseed Holstein Zebu
None Meal

Numbur of animals 12 12 12 12 12 12
Total shrunk weight gain, kg. 504 19" — Y T8 32 37
Total empty weight gain, kg, 352 gt — 154 57h 122 30b
Reticulo-rumen fill, kg, 66 60 54u T2 TOR 56
Energy gain, megeal. 1.5 6yb 144 1900 554 149h
Carcass weight, kg, 144a 122" 1054 1600 132, 133
Empty body composition, %

Fat 122 12.2 12.0 12.3 11.32 13.10

Protein 19.2 19.2 19.2 19.2 19.2 19.2

Water 63.9 63.9 4.1 63.8 64.8 63.0

Ash 4.7 4.7 4.7 4.7 4.7 4.7

G ub Means in the same main effect having different superscripts are significantly different (P < 0.03).



body weight and empty hody weight. As previously
noted, there was no significant difference in the shrunk
weight gains made by Holsteins and Zebus. On the other
hand, when empty body weight gains were measured,
the Zebus gained significantlv more. The reason for this
is shown in the reticulo-rumen contents at slaughter.
Holstein animals had significantly greater fill than Zebus.
When shrunk body weight gain is the criterion of
measurement, the gain of the Holstein cattle is over-
estimated in comparison to that of the Zebus. It is also
noted that there is a significantly higher fll in the sup-
plemented cattle and hence the shrunk weight gains tend
to overcevaluate the effects of cottonseed meal. A more
valid comparison is the empty weight gains, It is also
noted that the Zebu animals had a significantly higher
final body fat than the Tiolsteins. This was not a reflection
of the initial condition. as the initial fat was 9.9 and 8.6
percent tor the Tlolsteins and Zebus respectivelv. These
data clearly point out that care must be exercised in mak-
ing far-reaching conclusions based on gain in shrunk
weight, unless some measure of carcass response is also
obtainable.

The quantitative response in empty body weight
gain obtained from adding cottonseed meal is shown in
Table 5. With fresh cane tops, a supplement of 0.5 kg. of
cottonseed meal per 100 kg. of body weight brought
about an increase of 69 kg. of empty body weight in 112
davs, or approximatelv 0.62 kg. per dav. With silage, the
increase was equivalent to approximately 0.66 kg.per day.
The close agreement in the two values lends confidence

TasLe 5. Quantitative response from a supplement of
cottonseed meal,

Supplement .
Pl - Effect of
Ronghage Cottonsced cottonseed

None meal meal

Gain in cinpty body weight, ke,

Fresh cane tops 0 GY) GY
Silage —29 45 74
Means -15 a7 72

16



Plate 3. Zebn cattle fed cane top silage for 112 days,

Plate 1. Zebu cattle fed cane top siluge plus cottonseed meal for 112 days,

17



Plate 5. Holstein cattle fod cane top silage for 112 days.

Plate 6. Holstein cattle fed cane top silage plus cottonsced meal for 112 days,

18



in the use of a value of approximately 0.64 kg, per day
as a guide to the expected quantitative responsce of cot-
tonseed meal when used as a supplement to cane tops at
this level. The average amount of cottonsced meal fed
per head per day was 1.44 kg. (Table 3). This (uantity
of meal produced an average of 0.64 kg, of empty body
weight gain. Plates 3 through 6 illustrate the appearance
of the animals fed silage alone and silage plus cottonseed
meal for 112 davs. The results on fresh cane tops were
similar.

Heat Production and Net Energy

In order to determine the net cnergy of the feeds
used in this study, it is necessary to have an estimate of
the heat production of the animals. Heat production (1)
is equal to the metabolizable energy intake (ME) minus
the energy retained (P), thus:

IT=MN - P

Table G illustrates the procedure used to caleulate the
heat production of the various groups of animals. Since
it was not possible to directh determine the metaboliz-
able energy content of the feeds used in this study, the
alues of 1.83 and 2.8 megeal. per kg. of dry matter for
cane tops and cottonseed meal respectively were cal-
culated from literature values by the following pro-
cedure: The mean total digestible nutrients (TDN) of
fresh and ensiled cane tops shown by Morrison' is 50.5
pereent on a (]1‘)’ matter basis. It is (-()nnn()n]y uccepte(l
that one pound of TDN is cqual to 2000 keal. of digestible
energy (DE). Therefore, 50.5 < 2000 = 101000 keal. of
DE per 100 1b. of dry matter. Approximately 82 percent
of DE can be assumed to be metabolizable cnergy (ME),
and therefore 100 b, of drv matter contains approxi-
mately 101 X 0.82 = 83 megeal. per 100 1h, Converting
to kilograms gives a result of 1.83 megeal. per kg, of dry
matter. For cottonseed meal, the National Academy of
Science shows a value equivalent to 3.22 megcal. of DE
per kg. on a basis of 93 percent dry matter. This is equal
to 2.64 megeal. of ME per kg. as fed, or 2.84 megcal. of
ME per kg. of drv matter.

19
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TaBLE 6. Calculation of heat production.

Fresh tops and

Silage and
cottonzeed meal

Item of interest V__F'j‘i‘{g"“‘ tops Sﬂiﬂ,_t_ fnttnnsm-d meal _cotton
Holstein Zebn Holstein Zebu Holstein Zebu Holstein
Empty body weight, kg.
Initial 198 190 215 191 228 206 203
Final 190 197 150 170 282 289 241
Mean (W) 194 191 198 181 255 248 292
WO kg 32.0 32.0 32.8 19.4 G3.8 62.5 37.5
Dry matter consumed daily, kg.
Roughage 4.50 421 4.01 3.29 5.87 35.49 5.10
Cottonsced meal 0 0 0 0 1.42 1.32 1.26
Metabolizable energy consumed daily, megeal.
Roughage (1.83 megcal./kg. dryv matter) 8.24 7.70 7.34 6.02 10.74 10.05 9.33
Cottonseed meal (2.84 megeal./kg. drv
matter) 0 0 0 0 4.03 3.75 3.58
Total { \E) 8.24 7.70 7.34 6.02 1477 1380 1291
Daily energy gain, megeal. (P) --0.05 1.01 —0.49 0.22 1.34 2.39 1.18
Daily heat produced, megeal. (ME — P)=(H)  8.29 6.69 7.83 5.80 1343 1141 1173
ME/W?%%_ keal. 1538 148 139 122 232 221 2325
H/W*% keal. 159 129 148 117 211 183 204

Zcbu

191
242
217

36.6

4.75
1.21

5.69

3.44
12,13
177
10.36
214
153




If the log of the heat production per unit of meta-
bolic bodyv size (W4[7) is plotted against metabolizable
energy intake per unit of W™ the results shown in Fig-
ure 1are obtained. The value of 73 keal. of heat produced
at zero feed intake is in excellent agreement with that ob-
tained by Lofgreen in an carlier report’ and the com-
monly accepted value of 70 keal. per kgoof W™ for hasal
metabolism. The close agreement lends strength to the
validity of the data.

In Figure 2 the mean heat production per kg.oof Wo
for the animals fed fresh or cusiled cane tops, with and
without cottonseed meal, has heen plotted against the
metabolizable cnergy intake. It is evident that the points
representmg the mean heat production by the four groups
of six animals fed fresh or ensiled cane tops with or with-

220 |
210 & °
200 |
190 }
100 b
170 +
160 - ®
150 }- °

140 |-
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90 |- 7
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7 ©® Fresh and ensiled cane tcps
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60 |-
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Figure | Determination of heat production at zero energy intake,
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21



220
210
200
190
180

170
160
150
140

Fresh cane tops

Ensiled cane tops

Fresh cane tops plus cottonseed
meal

Ensiled cane tops plus
cottonseed meal

0.75
T T TTTTTY
® o O O

kg.

L 4

kcal./w
—
(")
o
T

120
110

100

90

B8O

DAILY HEAT PRODUCED,

Log Y = 1,8751 + 0,00186X
70 P

60 =

50 i U DS U G S U S VAV G S UGN | G U N GH S S W N B 1
0 S0 100 150 200 250

DAILY METABOLIZABLE ENERGY CONSUMFD, kcal. /Ho 75

Figure 2. Relationship between heat produced amd imetabolizable encrgy
intake.

out cottonseed meal are described by the same equation.
The fact that the heat pl()duce(l on the silage rations
was no greater than on the fresh cane top rations indi-
ates that nutrient utilization was as goo(l on the silage
as on the fresh tops. The poorer response to the silage,
thercfore, must have been due to the lowered intake
aused by poor p.llatalnht\ One equation was therefore
fitted to the data using 75 keal. per kg, of W*™ as the heat
production at zero feed intake'. From this equation it is

tound that energy cqullll)num can be achieved at a ME
intake of 132 kcal. /Wi

KK
All the information necessary for the determination
of net energy is now available. Table 7 shows the de-

termination of the net energy for maintenance (NEw) of

22
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TasLe 7. The net energy for maintenance (NEw) of
fresh or ensiled cane tops determined by the
“difference trial”™ technicque.

} Level of feeding
[tem of interest

Fasting ' I'Irlrlilil)rilﬁl‘)

Metabolizable energy intake, megeal./day/We ™ 0 0.132
Dy matter intake required to supply this level of

energy intake, kg/dav /WY T () 0 0.0721
Heat produced. megeal. Zdayv /W 7 (1) 0.075 0.132
Energy retained, megeal. Zday /W™ (P) —-0.075 0
l)ill'( renees (equilibrivm — fasting )

kg, — 0.0721
l’ megeal. — 0.075

Nl of the ration, megeal./kg. dry matter — 1.04

fresh or ensiled cane tops. On a dry matter basis, there-
fore, the net energy for maintenance of fresh or ensiled
cane tops is equal to 104 megeal., per kg. of dry matter.
From other work® it has been shown that for 1()nghage
net energy for production (NE») is equal to NEa/2.25.
The NEs of cane tops mav be considered. therefore, to be
(‘(lual to 1.04/2.25 or 0.462 megcal. per kg. of drv matter.
Table 8 shows the results of the difference trial
technique of determining the NEw for the rations con-
taining cottonseed meal. Cne kg. of drv matter of this
ration contained an avel age of 0.8025 l\g of cane top (11\'
matter and 0.1975 kg. of cottonseed meal drv matter. The

TasLe 8. Net energy for maintenance (NEw) of fresh or
ensiled cane tops supplemented with cotton-
seed meal.

) Level of feeding
Item of interest VRS -
Fasting IS thlmum
\Me t.lhollzal)lc energy mtal\( megeal./day/We 0 0.132
Dry matter intake required to supply this level of
energy intake, kg./day/W° ™ (F) 0 0.065
leat produced, megeal./dav/W° ™ (1) 0.075 0.132
Energy retained, megeal./day/W° » (1) —-0.075 0
Differences (equilibrium — fasting ):
I kg, — 0.065
P, megeal. — 0.075
NEn of the ration, megcal./kg. dry matter — 1.154
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0.8025 kg. of cane top drv matter contributed 0.835
megeal. of NEw to the 1. 154 megeal. (0.8025 X 1.04 =
().630) The 0.1975 kg. of (-nlt(msccd meal therefore con-
tains 1.154 - 0.835 = 0.319 megeal. The NEw of 1 kg, of
cottonseed meal drv matter therefore is equal to 1.62
megeal. At maintenance, therefore, cane top drv matter
is worth approximately 64 percent the value of the dry
matter from cottonseed meal.

Using essentially the same techuique, it is possible
to determine the net energy for l)l()(lll(ll()ll (NEw) of the
rations containing cottonseed mes al, since the total intake
when the rations were fed ad libitin was considerably
above the energy equilibrium level. Two levels of intake
are therefore available for use: one level at equilibrimu
and one at ad libitum feeding. The caleulations are pre-
sented in Table 9. The 0.8025 kg. of cane tops in 1 kg. of

Tasre 9. Net energy for production (NEv) of rations
containing tresh or ensiled cane tops and cot-
tonsced meal.

Levelof feeding

Hew of interest Equilibrinme Ad libitumn

Dry matter intake, hgesdin /AW (1 0.063 0.110
Energy retained, megeal Zdav /WS (17 0 0.028
Difference cad Tibitmn - equilibirinnn)
I ke, — 0.045
Pomegeal, — .028
NEL of the ration, megeal kg dey matter — 0,622

dry matter of this ration contributes 0.371 megeal. of
NE. (0.8025 > 0.462) and the 0.1975 kg. of u)tt()nsccd
meal drv matter, therefore, contains 0,251 miegeal.
(0.622 - 0.371). The NEw of cottonseed meal s, 1]1(‘1(’
fore, 0.251/0. I‘)m or 127 megeal. per kg, of drv matter.
For production above maintenance, cane top div matter
is worth onlyv 36 percent as much as cottonseed meal dry
lndttm (()llll)dl(‘(l to 64 pereent at maintenance.
Table 10 presents a summary of the net energy
alues of the feeds used in this stll(]\ as determined by the
difterence trial technique. For purposes of comparison
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TaBLE 10.  Summary of net energy values.

Net energy for —

Feed Maintenance  Produetion
NEm NE,
megeal.s kg drv matter
Cane tops, fresh or ensiled 1.04 0.46
Cottonseed meal 1.62 1.27

megeal.7kg. as fed

Cane tops, fresh (26.07 drv matter) 0.27 0.12
Cane top silage (39.17 drv matter) 0.41 0.18
Cottonseed meal (91,19 dry matter) 1.38 1.16

with the values in Table 10, values for other well known
feeds are shown below?:

NEw NE,

megeal./kg. dry matter
Alfalfa silage 1.33 0.61
Bernmdagrass hay 1.01 0.49
Barley grain 2,08 1.22
Corn grain 2.30 1.34

It is evident that fresh or ensiled cane t()ps‘ are compar-
able on a drv basis to Bennn(lagl ass hav in energy value.
The cottonseed meal used in this trial had a net energy
for production comparable to barlev or corn but a lower
value for maintenance.
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