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Objective: The study aimed to evaluate sugarcane bagasse as roughage in lactating cow on
feed intake, digestibility, ingestive behavior, milk production and composition, and microbial
protein synthesis.
Methods: Ten Girolando cows at initial body weight of 450±25.6 kg and at 143.7±30.7 days
in milk were assigned in two 5×5 Latin square designs. Five 21-day experimental periods
were adopted (1° to 14-day: diets adaptation period; 15° to 21-day: data collection and sam
pling period). The diets consisted of four different levels of sugarcane bagasse (45%, 50%, 55%,
and 60%) and a control diet, commonly adopted in the region, based on spineless cactus (25%
sugarcane bagasse), formulated to meet 12 kg/d milk yield.
Results: The dry matter (DM), organic matter (OM), and total digestible nutrients intakes
and DM and OM digestibilities observed for 45% and 50% bagasse inclusion were similar to
control diet, while that 55% and 60% bagasse inclusion were lower. Cows fed control diet,
and bagasse diets of 45%, and 50% levels had the nutritional requirements attended, that
guaranteed 12 kg/d of milk yield. The crude protein intake and digestibility of cows fed 45%,
50%, and 55% of bagasse inclusion were similar to control diet. The neutral detergent fiber
(NDF) intake and digestibility differ for all bagasse diets related to control diet, while the nonfiber carbohydrates intake and digestibility for cows fed 45% of bagasse were similar for control
diet. The intakes and digestibilities of nutrients decreased linearly in function of bagasse in
clusion; NDF and indigestible NDF intakes did not vary. The ruminating time, feeding and
rumination efficiency, microbial protein synthesis and milk yield decreased linearly with
sugarcane bagasse inclusion.
Conclusion: Sugarcane bagasse decreases milk production; however, its inclusion level in
between 45% to 50% associated to concentrate could replace diets based on spineless cactus
for crossbred dairy cow's producing 12 kg/d of milk.
Keywords: Drought Season; Livelihoods; Alternative Roughage; Crossbred Dairy Cattle;
Microbial Protein

INTRODUCTION
The dairy cattle production system in the most of semiarid region in Brazil is characterized
by smallholder livestock system, which is responsible for 80% of world consumption food
and was considered by UN (United Nations) as production system able to collaborate for
global hunger eradication and achieve the sustainable feeding security [1]. Climate change
has led to frequent and prolonged periods of drought in arid and semiarid regions, as a result
of irregular rainfall and high temperatures. These extreme weather factors will be amplified
in the future because of global warming, negatively affecting the availability of food throughout the seasons of the year [2]. The consequence of drought is a fall in crop production and

www.ajas.info

Copyright © 2018 by Asian-Australasian Journal of Animal Sciences
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

379

Almeida et al (2018) Asian-Australas J Anim Sci 31:379-385

pasture growth, leading to weight loss and increased deaths
of animals [3].
The spineless cactus, which is considered an essential roughage ingredient in ruminant´s diets, in particular for dairy cattle
in arid and semiarid region [4], became unfeasible in the last
years since the plague (Dactylopius opuntias) has expanded in
spineless cactus field. The insect-plague found favorable conditions in the dry season to grow, affecting and compromising
millions of spineless cactus hectares, which lead the producers
to find an alternative roughage for cattle.
Brazil is the largest sugarcane producer in the world, with
around 719.1 million tons produced annually [5]. One of the
main sugarcane processing agroindustrial waste is sugarcane
bagasse, resulting from the crushing of sugarcane during extraction or direct transformation of alcohol [6]. It is conceded
a low-quality roughage presenting 40% of ingestible fiber and
low crude protein (CP) content, however, one advantage of
sugarcane bagasse is its availability during times of fodder
shortage and its low cost compared with other conventional
sources of roughage [7]. In this scenario, the sugarcane bagasse
became the only viable alternative, in short, and medium-term,
as roughage for dairy cattle diets to replacing the spineless
cactus.
Most of the work testing sugarcane bagasse has been performed with beef cattle, aiming to maximize their performance.
Authors reported that sugarcane bagasse could be used as an
exclusive source of roughage for beef cattle [8]. Therefore, the
increase in volume of sugarcane bagasse produced in recent
years represents a potential source of animal nutrition. There
is now interest in investigating the optimal level of sugarcane
bagasse for dairy cows since their nutritional requirements
differ from beef cattle and there is no research using sugarcane
bagasse as exclusive roughage for this category of animals.
Thus, the study aimed evaluated sugarcane bagasse use as
exclusive roughage in lactating cow on feed intake, digestibility,
ingestive behavior, milk production and composition, and
microbial protein synthesis.

MATERIALS AND METHODS
Animal care
All procedures were conducted in accordance with the guidelines set out by the Brazilian College of Animal Experimentation
in the Code of Practice for the Care and Use of Animal for
Experimental Purposes and were reviewed and approved by
the Ethics Committee on Use of Animal for Research (CEUA)
of the Federal Rural University of Pernambuco, under license
number 033/2014.
The experiment was conducted at Capoeiras City, Pernambuco, Brazil. The average rainfall in the region is 588 mm/yr
with an average annual temperature of 22.1°C. According to
the climatic classification of [9] the climate of the region is
www.ajas.info
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characterized as Bsh, semiarid.
Animals and diests
Ten Girolando cows (3/4 Holstein-Gyr) with an average initial
weight of 450±25.6 kg and at 143.7±30.7 days in milk were
assigned into two 5×5 Latin square designs defined according
to their milk yield in the adaptation period (10 and 14 kg/d,
respectively). The cows were housed in individual 16 m2 pens
(semi-covered), with individuals feeders and drinkers. The
experimental lasted 105 days in total, divided into five 21-day
experimental periods, which was periodized in 1° to 14° day
(diets adaptation periods), 15° to 21° day (data and sampling
collection of intake, leftover, and milk yield), 17° day (urine
and blood collection), 17° to 21° day (digestibility assay [feces
collection]), 19° to 21° day (ingestive behavior observation),
20° to 21° day (milk collection). The ingredients of the diets
are shown in Table 1. The diets consisted of four different levels
of sugarcane bagasse (45%, 50%, 55%, and 60% on a dry matter [DM] basis) and a control diet commonly adopted in the
region for dairy cattle based on spineless cactus with 25% sugarcane bagasse incluison formulated to achievean average
milk yield of 12 kg/d (Table 2). The diets were formulated to
be isonitrogenous, according to the requirements calculated
by the [10], for 450-kg cows initially producing 12 kg of milk
per day and 4% fat milk.
Experimental procedure
The diets were provided to animal as TMR twice daily (07 h
00 min and 16 h 00 min) after the morning (04 h 00 min) and
afternoon (16 h 00 min) milking sessions. The amount of feed
supplied was corrected daily to generate 10% of orts in the
fresh matter. Samples of the feed and orts were collected daily
in each experimental period and stored at –20°C in airtight
plastic bags. The body weight of each cow was measured at the
start and the end of each experimental period.
Feeding behavior (ruminating, feeding and idling) of all
cows was evaluated starting on the fifth day of each period for
two consecutive days (every 10 min for 24 h each day) accordTable 1. Chemical composition of ingredients used in the experimental diets (g/kg

of dry matter)
Item

Dry matter
Organic matter
Crude protein
Ether extract
aNDF(n)
iNDF
Lignin

Sugarcane Spineless cactus
bagasse
(cv. Miúda)
412
956
18.2
11.3
775
414
73.4

143
904
22.6
17.2
205
102
46.2

Ground
corn

Soybean
meal

886
989
97.4
37.6
119
17.0
12.2

894
935
485
13.2
151
15.5
30.0

aNDF(n), neutral detergent fiber assayed with a heat stable amylase and corrected
for ash and nitrogenous compounds; iNDF, indigestible neutral detergent fiber.
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Table 2. Proportion of ingredients and chemical composition of the experimental diets

Item
Ingredients (g/kg)
Sugarcane bagasse
Spineless cactus (cv. Miúda)
Groundcorn
Soybeanmeal
Urea/AS1)
Salt
Mineral2)
Diet composition (g/kg of dry matter)
Dry matter
Organic matter
Crude protein
Ether extract
aNDF(n)
iNDF
Non-fiber carbohydrates

Control

Sugarcane bagasse (%)
45

50

55

60

250
494
0
240
1.00
5.00
10.0

450
0
334
200
1.00
5.00
10.0

500
0
274
210
1.00
5.00
10.0

550
0
214
220
1.00
5.00
10.0

600
0
154
230
1.00
5.00
10.0

389
910
137
15.5
296
159
423

661
947
141
21.3
378
196
361

638
945
141
19.7
408
216
327

614
943
141
18.2
439
236
294

590
932
142
16.6
469
256
261

aNDF(n), neutral detergent fiber assayed with a heat stable amylase and corrected for ash and nitrogenous compounds; iNDF, indigestible neutral detergent fiber.
1)
9 parts of urea and 1 part of ammonium sulphate (AS).
2)
Components: dicalcium phosphate; limestone; salt; sulfur flower; zinc sulfate; copper sulfate; manganese sulfate; potassium iodate; sodium selenite.

ing to the scan sampling method proposed by [11]. The feed
and rumination efficiencies (kg/h) of DM, and neutral detergent fiber (NDF), were calculated by dividing the intake of
each of these nutrients by the total feeding or the rumination
times.
Chemical and statistical analyses
Milk samples were collected from the tenth to the 19th day of
each period, and conditioned in plastic bottles containing a
preservative (Bronopol, D & F Control Systems, Inc., New York,
NY, USA) for analyses of protein, fat, lactose, total solid contents, and urea according to the methods of [12]. To measure
the concentration of milk allantoin, a mixture of 8 mL milk
and 4 mL of trichloroacetic acid (25% w/v) was centrifuged
(Sorvall ST16R, Thermo Fisher Scientific Inc., Waltham, MA,
USA) for 10 minutes at 2,000 rpm. Subsequently the samples
were filtered through Whatman paper with a porosity of 40 to
obtain a precipitate, which was stored in plastic micro tubes
at –18°C for further analysis. The milk yield values were corrected for 4.0% fat according to [10].
Blood samples were collected on the 15th day, 4 h after feeding, by coccygeal vein puncture, in two tubes: one containing
anticoagulant (ethylenediaminetetraacetic acid) and another
containing sodium fluoride. After collection, the blood samples were immediately centrifuged at 2,700×g for 20 min. The
plasma samples were frozen at –18°C for later analysis of urea
nitrogen concentration.
Spot fecal samples were collected directly from the animals’
rectums on the 15th to 20th days of each experimental period,

at different times after feeding (6 h 00 min; 8 h 00 min; 10 h 00
min; 12 h 00 min and 14 h 00 min). Spot urine samples were
obtained on the 15th day of each experimental period, 4 h after
the first feed supply of the day [13]. The urine was filtered
through gauze, and a 10-mL aliquot was diluted immediately
in 40 mL 0.036 N sulfuric acid and stored at –20°C for later
analyses of urea, allantoin [14], and uric acid [15]. Creatinine
was evaluated using a colorimetric system with commercial
kits (Labtest Diagnóstica S.A. Lagoa Santa, MG, Brazil).
The daily urinary excretion of creatinine was estimated from
the proposed creatinine excretion of 24.05 mg/kg of live weight
[13]. Microbial protein synthesis was calculated as described
by [13], considering a recovery of absorbed purines of 0.85 and
an endogenous contribution to the excretion of purines as
recommended by [16].
To estimate the apparent digestibility coefficients, the indigestible neutral detergent fiber (iNDF) was used as an internal
marker, obtained after 288 h of ruminal incubation time [17].
Samples of the feeds, orts, and feces were analyzed to determine
the concentrations of DM, mineral matter, and CP according
to [18]. The concentration of NDF was assayed with a heatstable amylase and corrected for ash based on the procedures
described by [19]. Neutral detergent insoluble nitrogen was
estimated according to [20]. Non-fiber carbohydrates were
calculated according to [21] and the intake of total digestible
nutrients (TDN) was calculated according to [22].
The variables were analyzed with PROC MIXED in SAS
software (version 9.4), for variance and regression analysis,
according the statistic model:
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yijkl = μ+τi+Qj+Pk+(A/Q)lj+τ×Qij+εijkl
Where, yijkl = observation ijkl; μ = general mean; τi = treatment fixed effect i; Qj = square fixed effect j; Pk = period fixed
effect k; (A/Q)lj = animal l into square j random effect; τ×Qij
= interaction effect of treatment i and square j; εijkl = random
error with mean 0 and variance σ2.
Dunnett test was used to compare each treatment group
mean (sugarcane bagasse levels), with an average of the control diet (based on spineless cactus and sugarcane bagasse).
Comparisons between sugarcane bagasse levels in the diets
were conducted by the sum decomposition of squares in orthogonal contrasts to linear, and quadratic effects (p<0.05),
with subsequent adjustments of regression equations.

RESULTS
The nutrient intake and apparent digestibility of cows fed control diet or different levels of sugarcane bagasse are presented
in Table 3 below. The DM, organic matter (OM) and TDN
intakes and DM and OM digestibilities of cows fed 45% and
50% sugarcane bagasse were similar to control diet (p>0.05)
while for cows fed 55% and 60% levels of bagasse were lowest
(p<0.05). The intake and digestibility of CP diets with 45%,
50%, and 55% of sugarcane bagasse were the same related to
control diet (p>0.05). The non-fiber carbohydrate intake and
digestibility for cows fed 45% of bagasse were similar for control diet (p>0.05). The neutral detergent fiber assayed with a
heat stable amylase and corrected for ash and nitrogenous com-

pounds (aNDF[n]) and NDF indigestible intakes and aNDF(n)
digestibility differ for all sugarcane bagasse inclusion related
to control diet (p>0.05). A linear decrease was observed to
intakes and digestibilities of nutrients with the bagasse levels
(p<0.05), except for aNDF(n) and NDF intakes and aNDF(n)
digestibility.
The feeding time was the same for control diets and all bagasse level diets (p>0.05; Table 4). The ruminating and idle
time for cows fed 45%, 50%, and 55% of sugarcane bagasse
was the same as that related to the control diet. For 60% of
bagasse inclusion, the ruminating time was lower and the idle
time was greater than the control diet (p<0.05). It was observed
same results on feeding efficiency for 45%, 50%, and 55% bagasse levels and control diet. Ruminating efficiency was the
same between 45% and 50% of bagasse inclusion and control
diet. Ruminating time and efficiency of feeding and rumination decreased, while the idle time increased linearly with
sugarcane bagasse inclusion in diets (p<0.05).
The daily milk production for cows fed 45%, and 50% was
similar as that of cows fed control diet (p>0.05; Table 5), while
for those fed 55%, and 60% levels of sugarcane bagasse, the
production was lower. The fat, protein, lactose, and total solids
of milk were the same for bagasse levels and the control diet
(p>0.05). The urea in the milk and plasma were greater for
cows fed sugarcane bagasse diets related to control diet (p<
0.05). The allantoin concentration in milk and microbial protein synthesis for 45% and 50% of bagasse levels were similar
to control diet. A linear decrease was observed for daily milk
production, fat-corrected milk production, allantoin, and mi-

Table 3. Nutrient intake and apparent digestibility in cows fed sugarcane bagasse

Item
Daily intake (kg/d)
Dry matter
Organic matter
Crude protein
aNDF(n)
iNDF
NFC
TDN
Daily intake (g/kg of BW)
Dry matter
aNDF(n)
Total apparent digestibility (g/kg)
Dry matter
Organic matter
Crude protein
aNDF(n)
NFC

Control

Sugarcane bagasse (%)

SEM

p value

45

50

55

60

L

Q

15.1
13.9
2.11
3.17
2.07
7.47
8.84

14.6
13.9
2.24
5.17*
2.47*
5.91
9.40

13.9
13.4
2.14
5.30*
2.68*
5.25*
8.38

12.9*
12.3*
2.00
5.22*
2.68*
4.48*
7.18*

11.3*
10.8*
1.78*
4.98*
2.54*
3.58*
5.91*

0.335
0.314
0.043
0.182
0.090
0.078
1.318

< 0.001
< 0.001
< 0.001
0.430
0.607
< 0.001
< 0.001

0.187
0.176
0.239
0.320
0.079
0.136
0.153

3.36
1.02

3.25
1.29*

3.11
1.32*

2.86*
1.29*

2.51*
1.21*

0.074
0.045

< 0.001
0.227

0.186
0.242

688
739
799
310
772

693
726
796
581*
700

653
702
790
528*
662*

603*
659*
789
494*
574*

514*
579*
726*
428*
487*

1.45
1.03
1.52
2.81
2.70

< 0.001
< 0.001
0.005
0.003
0.001

0.108
0.014
0.072
0.640
0.941

SEM, standard error of the mean; L, linear effect; Q, quadratic effect; BW, body weight; aNDF(n), neutral detergent fiber assayed with a heat stable amylase and corrected for
ash and nitrogenous compounds; iNDF, indigestible neutral detergent fiber; NFC, non-fiber carbohydrates; TDN, total digestible nutrients.
* Values differ statistically from the control treatment by Dunnett test at the level of 5% probability (p < 0.05).
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Table 4. Ingestive behavior of cows fed sugarcane bagasse

Item
Time (minutes/d)
Feeding
Ruminating
Idle
Efficiency (kg DM/h)
Feeding
Ruminating

Control

Sugarcane bagasse (%)
45

50

55

60

322
621
497

306
667
467

287
652
501

294
605
541

307
541*
592*

2.84
1.88

2.88
1.90

2.95
1.70

2.68
1.45*

2.24*
1.17*

p value

SEM

L

Q

0.183
0.099
0.180

0.844
< 0.001
< 0.001

0.162
0.048
0.332

0.144
0.379

0.003
< 0.001

0.095
0.332

SEM, standard error of the mean; L, linear effect; Q, quadratic effect; DM, dry matter.
* Values differ statistically from the control treatment by Dunnett test at the level of 5% probability (p < 0.05).

crobial protein synthesis (p<0.05) with sugarcane bagasse diets
increase. Neither the milk and plasma urea or microbial protein efficiency were altered by bagasse inclusion, while microbial
CP synthesis decreased linearly with sugarcane bagasse increase in diets.

in Table 5; milk urea was lower for cows fed control diet than
all other diets based on bagasse, and this value being lower than
the maximum value recommended (21.71 mg/dL of milk) [25].
The levels of sugarcane bagasse of 45% and 50% present
same DM, OM, TDN intake, and milk production than control diet due to high concentrated feedstuffs inclusion in those
diets, which was reflected in feed efficiency (Table 5). The control diet was superior to diets containing sugarcane bagasse
due to lower concentrated inclusion in its composition.
Although it is not an immediate solution, and considering
the consequences of severe droughts and plague (Dactylopius
opuntias), the presented results denote the importance of resistant pest spineless cactus genotypes for dairy cattle farmers
in arid and semi-arid regions, once the concentrated ingredients have demanded high prices in recent years.
The lower DM and nutrient intake was related to higher

DISCUSSION
The greater nutritional value observed in for control diet is
related to inclusion of spineless cactus, and it was reflected in
the milk production, as expected and observed by [23]. The
spineless cactus witnessed greater acceptability by animals and
highest digestibility of nutrients. The diet composition of control promotes adequate a balance between supplied energy and
protein [24], resulting in improved efficiency of the nitrogenous compound usage. This is reaffirmed by the data presented

Table 5. Performance, milk composition, blood and milk urea nitrogen and microbial protein synthesis of cows fed sugarcane bagasse

Item
Performance
Milk (kg/d)
FCM (kg/d)
Feed efficiency (kg FCM/kg DM intake)
Milk composition
Fat (g/100 g)
Protein (g/100 g)
Lactose (g/100 g)
Total solids (g/100 g)
Allantoin (mmol/d)
Urea nitrogen (mg/dL)
Milk
Plasma
Microbial protein synthesis
micCP (g/d)
micEF (g CP/kg of TDN)

Control

Sugarcane bagasse (%)
45

50

55

60

12.0
12.8
0.85

12.1
12.8
0.87

11.2
12.2
0.87

10.3*
11.4
0.88

9.14*
9.51*
0.84

4.46
3.84
4.43
13.7
43.8

4.35
3.67
4.50
13.5
42.6

4.61
3.72
4.49
13.9
41.3

4.76
3.75
4.48
14.0
34.7*

12.2
14.2

19.6*
28.2*

20.6*
26.2*

1,157
128

1,127
119

1,027
122

SEM

p value
L

Q

0.189
0.294
0.456

< 0.001
< 0.001
0.685

0.711
0.256
0.178

4.30
3.74
4.43
13.5
30.1*

0.094
0.069
0.015
0.150
1.450

0.988
0.687
0.149
0.861
< 0.001

0.071
0.820
0.587
0.154
0.225

24.2*
26.7*

22.4*
25.3*

0.873
2.662

0.137
0.979

0.429
0.536

869*
119

815*
138

33.014
5.875

0.001
0.134

0.734
0.278

SEM, standard error of the mean; L, linear effect; Q, quadratic effect; FCM, fat-corrected milk; DM, dry matter; micCP, microbial crude protein; micEF, efficiency of microbial
protein synthesis; TDN, total digestible nutrients.
* Values differ statistically from the control treatment by Dunnett test at the level of 5% probability (p < 0.05).
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indigestible fiber (iNDF) content in diets with increasing levels
of sugarcane bagasse (55% and 60%), causing distension in the
rumen and consequent ruminal filling [26]. This result was
confirmed by the ingestive behavior, which showed decrease
in the rumination time and efficiency (Table 4). The excess
of low degradability fiber promoted the decrease in DM and
NDF digestibility in function of bagasse levels inclusion; consequently, the animals ingested the feed until they reached
their maximum capacity for NDF intake, reflecting in other
nutrients intake (Table 3). According to [27], sugarcane bagasse has low NDF digestibility and high lignin content, which
reduces the passage rate of digestion from the gastrointestinal
tract, and results in an increased retention time. As the feeding
time, did not vary and the DM intake reduced with bagasse
inclusion, it reflected in feeding efficiency (kg DM/h) that decreased with bagasse increases. This response is related to diet
composition; the high level of bagasse presented long particles
which caused difficulty in apprehension and low acceptability.
The lower milk production observed for cows fed 55% and
60% of bagasse inclusion is explained by their lower intake of
DM and TND, which was lower than the energy requirements
for that category and milk production level. For the bagasse
levels of 45% and 50%, it was observed the expected milk production according to diet control, confirming that the nutritional
requirements were attended (14 kg/d of DM and 7.6 kg/d of
TDN; Table 3). In addition to the greater TDN intake, the
greater microbial protein synthesis was an important source
of milk production precursor too, as it presents a high-quality
amino acid profile and most amino acids absorbed in the small
intestine come from microbial protein [28].
The energy intake also is related to microbial protein synthesis, once the availability of nitrogen and energy in the rumen
are listed as main factor to limit microbial growth [29]. The
microbial protein synthesis decreased linearly with bagasse
increase, presenting a maximum microbial production of
1,127 g/d for 45% bagasse inclusion, diet that promoted greater
TDN intake (9.40 kg/d; Table 3) when compared with greater
inclusion sugarcane bagasse diets. For all levels inclusion of
bagasse, microbial protein synthesis efficiency (124.5 g CPmic/
kg TDN) is in accordance with the values recommended for
animals raised under tropical conditions, of 120 g microbial
CP/kg TDN [30].
Diets based on sugarcane bagasse requires high concentrated levels when compared to diet control (Table 2), which
reaffirms the bagasse’s low nutritional value and justifies the
importance of maintaining the spineless cactus cultivation in
semiarid. Nevertheless, the spineless cactus areas recovery is
a slowly process, which highlights the importance of sugarcane
bagasse co-product for dairy cattle diets as demonstrated in
the presented discussion.
Therefore, the sugarcane bagasse is valuable alternative and
it is recommended the inclusion of 45% and 50% associated
www.ajas.info
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to concentrated feedstuffs for replacing diets based on spineless cactus for crossbred dairy cow's producing 12 kg/d of milk.
The bagasse levels of 55% and 60% should be utilized for cow
with lower milk production.

IMPLICATIONS
The paper provides brand new animal production and nutrition information, relating to sugarcane bagasse, agro-industrial
waste, for lactating cow's diets. Although sugarcane bagasse
is extremely used in beef cattle feedlot diets, there is no given
for lactating dairy cattle. The bagasse has been a valuable alternative, and medium-term, and it is unique viable roughage
for ruminants in Brazilian semiarid since the roughage used
in this areas, the spineless cactus, disappeared due to insectplague associated with several droughts that occurred last year.
The spineless cactus fields reestablishment with resistant pest
genotypes is an option for the medium and long-term.
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