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Abstract

The objective of this study was to evaluate the effect of the protein source in sugarcane 
silage-based diets on the ruminal pH and in situ dry matter digestibility (DMD). The treat-
ments were: 1)- 60% sugarcane silage + 15% soybean meal (SBM); 2)- 60% sugarcane 
silage + 15% fish meal (FM); 3)- 55% sugarcane silage + 20% canola meal (CM); and 
T4)- 50% sugarcane silage + 30% coconut meal (CCM). In situ DMD was determined by 
the nylon bag technique using four cows equipped with ruminal cannula. Five grams of 
each experimental diet were weighted in nylon bags and incubated for 8, 12, 24, 48, 72 
and 96 h. Dry matter digestibility for SBM, CM, and CCM showed higher values compared 
to FM. A similar pH among treatments was recorded; however, at 4 h decreases in SBM 
and FM were observed. Sugarcane silage in integral diets with the different protein 
sources used in this study, did not modify ruminal pH but showed lower DMD when fish 
meal was the protein source.
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Resumen

El objetivo de este estudio fue evaluar el efecto de la fuente proteica de dietas a base 
de ensilado de caña de azúcar sobre el pH ruminal y la digestibilidad in situ de la materia 
seca (DMD). Los tratamientos fueron: 1)- 60% de ensilado de caña de azúcar + 15% 
harina de soya (SBM); 2)- 60% ensilado de caña de azúcar + 15% harina de pescado 
(FM); 3)- 55% ensilado de caña de azúcar + 20% harina de canola (CM); y 4)- 50% 
de ensilado de caña de azúcar + 30% de harina de coco (CCM). La DMD se determinó 
mediante la técnica de bolsa de nylon utilizando cuatro vacas equipadas con cánula 
ruminal. Se pesaron cinco gramos de cada dieta experimental y se incubaron en bolsas 
de nylon por 8, 12, 24, 48, 72 y 96 h. La digestibilidad de la materia seca para SBM, CM 
y CCM mostraron los valores más altos en comparación con FM. No hubo cambios en el 
pH ruminal en los tratamientos, pero, a las 4 h disminuyó en SBM y FM. El ensilado de 
caña de azúcar en dietas integrales con las diferentes fuentes de proteínas no modifica 
el pH ruminal, pero reduce la DMD cuando la harina de pescado es la fuente de proteína.

Palabras clave
inóculo bacteriano • dinámica ruminal • forrajes tropicales

Introduction

In the tropics, grasses are the main 
source of food for livestock; however, 
during the drought season, growth and 
quality of forages is low, affecting animals 
productivity. Therefore to evaluate alter-
natives for forage replacement  during 
that period, turns necessary. 

Sugarcane is a crop produced in more 
than 100 countries worldwide, and its 
biomass production exceeds that of any 
other forage, making it a good animal 
feed strategy for sustainable agricultural 
development in many countries (2). 

Sugarcane and particularly sugarcane 
silage can be an important forage given 
that it keeps its quality for long periods.
However, silage causes losses of up to 30% 
of dry matter (DM), and concentration of 
the cell walls components, reducing the 
in vitro digestibility of DM (6).

Furthermore, silage has high levels 
of lactic acid and residual carbohy-
drates, which can potentially inhibit, by 

pH lowering, microorganisms that spoil 
the silage, such as yeasts and molds 
(16). In recent years, there has been 
increased interest in the use of additives 
in sugarcane silage,  with the objective 
of inhibiting yeast growth that promote 
alcoholic fermentation (6). Furthermore, 
these products have a high protein value 
and absorbing characteristics that could 
improve the nutritive value and the 
fermentation profile by correcting the low 
protein values of sugarcane and reducing 
effluent losses. However, strategies have 
been developed to improve feed intake 
and reduce sugarcane's nutritional 
deficiencies by using other ingredients in 
the ration,  allowing sugarcane to be an 
important fraction of the diet (17).

Studies have demonstrated that diets 
containing sugarcane and proteic ingre-
dients improve animal performance, take 
advantage of the high concentration of 
fermentable carbohydrates, and improve 
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ruminal function (10), but the lack of 
information on digestibility parameters 
and ruminal variables of sugarcane silage 
combined with common protein ingre-
dients has created the need to conduct 
studies on sugarcane ruminal degradation.

Objective

Provide useful information about the 
effect of different protein sources on the 
ruminal digestibility parameters and its 
effect on rumen pH fluctuations of ensiled 
sugarcane based diets. 

Materials and methods

This study was carried out at 
Zapotlán El Grande, Jalisco, Mexico,  
with geographic coordinates of 19°27'13" 
North latitude and meridians 103°27'57" 
West longitude, with an altitude of 
1,520 m. The biomass of one hectare of 
sugarcane-variety CP 72-2086, which was 
approximately 13 months old, second 
cut-was used in this experiment. 

The forage was harvested by hand and 
chopped in a stationary chopper adjusted 
for a theoretical cut length of 2.5 cm.

Total biomass was separated into five 
parts to make the same number of silages. 
Ensiling was initiated simultaneously in 
mini silos with 1% bacterial inoculum and 
1% additive.

The inoculum consisted of 10.0% 
molasses, 1.0% commercial yogurt (LALA®; 
containing: Lactobacillus plantarum, 
L. bulgaricus, L. casei, L. acidofilus, and 

L. bifidus), 5.0% chicken manure, 0.5% urea, 
and 83.0% water; the additive was formu-
lated with 1.0% urea, 0.1% ammonium 
sulfate, and 0.25% phosphorus.

The silo was opened after 40 days of 
storage. The treatments were: 1. 60% 
sugarcane silage + 15% soybean meal 
(SBM); 2. 60% sugarcane silage + 15% fish 
meal (FM); 3. 55% sugarcane silage + 20% 
canola meal (CM); and 4. 50% sugarcane 
silage + 30% coconut meal (CCM). 

The diets consisted of sugarcane silage 
with the different protein sources mixed 
with alfalfa hay, ground corn, ground 
sorghum, and sugarcane molasses. 
The Rations were fed in two sessions 
(AM and PM) to ensure greater cellulolytic 
activity of rumen microflora. Ad libitum 
fresh clean water was provided. The 
experimental diets and analyzed compo-
sition of the diets are shown in table 1 
(page 347).

Samples of the diets were dried in a 
circulating air oven at 60°C for 24 h and 
then milled in a hammer mill equipped 
with a 2-mm sieve for further analysis.

Total DM was determined using a 
circulating air oven (100°C for 24 h). 
Crude protein (CP) was determined by 
Kjeldahl, ash (A) and organic matter (OM) 
was calculated by difference using the 
technique described by the AOAC (2007). 

Fiber fractions (NDF and ADF) 
were determined using alpha amylase 
without a correction, as specified by 
Van Soest et al. (1991). 
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In situ digestibility (DMD) was deter-
mined using four 4-year-old Holstein cows 
(625 ± 63 kg) equipped with permanent 
rumen cannula with a core diameter of 
10 cm (Bar Diamond Lane, Parma, ID, USA). 
Cows were randomly assigned to a 4 × 4 Latin 
square and they were housed in individual 
pens. The statistical model was: 

Yijk = µ + Hi + Cj + Tk + εijk 

where:
Yijk = the response variable
µ   = the general mean
Hi  = the effect of the ith period (row)
Cj = the effect of jth animal (column)
Tk = the effect of kth treatment (diet)
εijk = the experimental error

Table 1. Ingredients and chemical composition of the experimental diets (%).
Tabla 1. Ingredientes y composición química de las dietas experimentales (%).

a,b,c Different letters in the same row indicate differences of P<0.05. 1SBM: sugarcane silage + soybean meal; 
FM: sugarcane silage + fish meal; CM: sugarcane silage + canola meal; CCM: sugarcane silage + coconut meal.

a,b,c Diferentes letras en la misma fila indica diferencias de P<0,05. 1SBM: ensilado de caña de azúcar + 
harina de soya; FM: ensilado de caña de azúcar + harina de pescado; CM: ensilado de caña de azúcar + 

harina de canola; CCM: ensilado de caña de azúcar + harina coco.

Treatments1

SBM FM CM CCM
Ingredients proportion %
Sugarcane silage 60 60 55 50
Soybean meal 15 - - -
Fish meal - 15 - -
Canola meal - - 20 -
Coconut meal - - - 30
Alfalfa hay 10 10 10 10
Ground corn 5 5 5 2.5
Ground sorghum 5 5 5 2.5
Cane molasses 5 5 5 5
Chemical composition 
Dry matter 49.30  a 45.50 b 50.45 a 53.00 a

Organic matter 93.80  a 85.64 b 93.15 a 92.86 a

Crude protein 19.39  a 21.18 a 21.06 a 19.32 a

Acid detergent fiber 11.77  c 11.46 c 17.59 b 26.98 a

Neutral detergent fiber 24.31 cd 27.76 c 33.89 b 49.50 a

Hemicellulose 12.54  c 16.30 b 16.30 b 22.52 a

Ash 6.20  b 14.36 a 6.85 b 7.14 b

Each period was 15 d, 10 for adaptation 
to diets and 5 to collect samples. DMD was 
determined after Vanzant et al. (1998).

Nylon bags were used (10 x 15 cm, 
pore size 40-60 µm) with 5 g of sample. 
Each sample was incubated in rumen for 
8, 12, 24, 36, 48, 72, and 96 h. Additionally, 
at each time point, blanks secured with 
nylon thread to a piece of string (length: 
30 cm; weight: 150 g) were added and left 
suspended in the rumen.

Subsequently, the bags were removed 
from the rumen according to the incubation 
times along with the zero hour and washed 
with running water at low pressure until 
the water came out just as clear.
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Hemicellulose concentration was lower in 
SBM, whereas the greatest concentration 
was found in CCM. FM and CM resulted 
similar (table 1, page 347). 

Differences were found in DMD 
(P<0.05) due to the protein supplements 
of complete diets.

The SBM showed the greatest values 
while FM had the lowest values. Starting 
at 12h of incubation, DMD results were 
more than 50% in all treatments. However, 
during the following hours, DMD values 
for FM were the lowest (table 2, page 349).

The effective degradability was higher 
for treatment with SBM, at all times, while 
FM had the lowest values of the experi-
mental diets (P < 0.05).

Ruminal degradability parameters 
were similar for soluble fraction of DM 
(a) across all treatments (P > 0.05). Only 
FM showed lower values for the rest of 
the parameters (P < 0.05). Sugarcane 
silage without additives is characterized 
by high DM losses (12). Forage-based 
diets supplemented with protein sources 
have better amino acid composition and 
improved nutrient digestibility compared 
with non-supplemented diets (6, 12).

The improvement in digestibility is 
due to the greater availability of nutrients 
required by bacteria for growth and other 
activities in the rumen. In this study, FM 
showed the lowest DMD coefficients wich is 
expectable since fish meal has lower rumen 
degradable protein (RDP) content (3, 4).

However, rumen undegradable protein 
is necessary to provide essential amino 
acids to the animal, given that  the amount 
of digested and absorbed protein in the 
small intestine is an important factor 
for growth. For this reason, supplemen-
tation with rumen undegradable protein 
provides limiting amino acids, such as 
lysine and methionine, to the animal.

Nextly, the bags were dried in a circu-
lating air oven (48 h at 60°C). Ruminal 
fluid samples were taken from the ruminal 
cannula at two-h intervals for 12 h, and 
one was taken one h before daytime 
feeding (-1, 0, 2, 4, 6, 8, 10 and 12).

Ruminal fluid pH was measured using 
a portable potentiometer (Model PC18, 
México) immediately after the rumen fluid 
was collected. The DMD for the experi-
mental material from each incubation 
time, was calculated by the weight loss 
of the samples in bags during ruminal 
incubation using the model described 
by Ørskov and McDonald (1979) and 
modified by McDonald (1981):

where:
a = the washing loss or soluble (%)
b = the insoluble, but potentially 

digestible fraction (%)
P = the degradation of DM (%)
a + b = potential degradability (%)
c = the fractional degradation rate (h-1)
t = the time (h)

Ruminal turnover constants (k) at 1, 5, 
and 10 % h-1 were used to model effective 
degradation (ED;12): ED = a + (b*c) / (c+k). 
Data from DMD and chemical composition 
were analyzed using PROC GLM and the 
ruminal pH with PROC MIXED using the 
statistical package SAS Version 8.0 (19).

Results and discussion 

Dry matter and OM content were 
higher in soybean, canola, and coconut 
meal, and lower in FM. This last treatment 
also showed the greatest A concentration. 

CP was similar among treatments, but 
ADF and NDF were higher for CM and CCM. 

P = a + b (1 – e-ct)
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Table 2. Effect of the protein source on in situ dry matter and ruminal degradability 
parameters of the experimental diets (%). 

Tabla 2. Efecto de la fuente de proteína en la digestibilidad in situ de la materia seca y 
parámetros de degradabilidad ruminal de las dietas experimentales (%).

a,b,c,d Different letters in the same row indicate differences of P<0.05. 1 SBM: sugarcane silage + soybean meal; 
FM: sugarcane silage + fish meal; CM: sugarcane silage + canola meal; CCM: sugarcane silage + coconut meal. 

2 Standard error of the mean.
a,b,c,d Diferentes letras en la misma fila indica diferencias de P<0,05. 1 SBM: ensilado de caña de azúcar + 
harina de soya; FM: ensilado de caña de azúcar + harina de pescado; CM: ensilado de caña de azúcar + 

harina de canola; CMM: ensilado de caña de azúcar + harina coco. 2 Error estándar de la media.

Treatments1

SEM2

Incubation time, h
SBM FM CM CMM

%
96 86.57   a 72.14   c 83.10  b 79.87    b 0.45
72 85.83   a 67.22    c 80.32 ab 77.31    b 0.39
48 84.70   a 64.73   c 79.45 ab 76.34    b 0.43
36 78.80   a 61.15   c 75.76 ab 73.66    b 0.62
24 68.42   a 50.71   b 64.58  a 64.77    a 1.05
12 63.22   a 50.38   c 58.26  b 62.75   ab 1.11
8 54.41   a 47.37  b 52.96   a  50.86   ab 0.97

DM degradability parameters
Soluble (a) 41.94   a 42.35   a 40.92  a 40.98    a 1.12
Potentially digestible (b) 46.10   a 36.70   c 43.06  a 38.45    b 1.09
Potential degradability (a+b) 88.11   a 79.05   d 83.97   c 79.43    b 1.16
Constant of degradation (c) 0.043 a 0.017 b 0.041a 0.049  a 0.003

Effective degradability modeled at the fractional passage rate (h-1)
0.01 79.40   a 65.60   c 75.40  b 73.00    b 0.86
0.05 63.30   a 51.70   c 60.20  a 60.10    a 1.02
0.10 55.90   a 47.70   c 53.30  a 53.70    a 1.00

Fish meal, provided these amino acids 
in higher concentrations compared with 
the other protein sources used (9, 15). 
This difference in by-pass protein might be 
of importance for producers when adding 
protein to the diet of growing cattle. 

Similar results have been reported by 
other authors. Van Nhiem et al. (2013) fed 
Laisind beef cattle with an urea-treated 
rice straw-based diet supplemented 
with two different protein sources, FM, 
and soybean cake and found that diets 
containing 100% soybean cake had higher 
DMD compared to FM.

da Silva et al. (2016) compared diets 
containing corn silage supplemented with 
SBM and urea and observed an increase in 
the ruminal digestibility of DM when SBM 
or urea were added, probably due to the 
addition of a highly digestible CP source. 

The difference among diets of SBM, 
FM, and CCM in DMD may be explained 
by the small difference in RDP content. 
Also, these diets showed higher DM 
degradability parameters and faster 
degradation rates, probably due to the 
higher microbial degradation resulting 
from a good supply of protein that 
improved ruminal microbial growth. 
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The low DMD and ruminal turnover of 
the FM diets were due to a higher concen-
tration of by-pass protein that may have 
resulted in limited microbial degradation 
of nutrients and decreased the efficiency of 
microbial synthesis in the rumen (14, 21).

Table 3 shows pH values; no differences 
among treatments were found (P ˃ 0.05). 

However, differences across sampling 
time, resulted signifficant. A reduction was 
recorded within treatment for SBM and FM 
at 4 h. Canola meal treatment showed the 
greatest pH value across incubation time, 
whereas SBM showed the lowest value. 
However, all pH values were higher than 
7.0, except for CCM at 10 h and 12 h. Russell 
and Wilson (1996) state that rumen pH 
may change ruminal cellulose digestion.
Low ruminal pH decreased activity, or 
number of cellulolytic microorganisms, in 
all experimental diets of their study, while 
the range of ruminal pH was around the 
optimum value (6.7-7.0) avoiding reduc-
tions in ruminal fermentation. García et al. 
(2008) and da Silva et al. (2016) reported 
pH values between 6.62 and 7.2, similar to 
those found in this experiment.

The high ruminal pH recorded when 
the experimental diets were fed could 
be attributed to the natural buffering 
capacity observed in rations that contain 
legumes and have high protein concen-
tration (10). 

Conclusion 

The use of sugarcane silage with 
inoculum and additive in integral diets 
with the protein sources used in this study 
did not modify ruminal pH.

However, it reduced the DMD 
parameters when the protein source was 
FM, possibly due to its lower content of 
rumen-degradable protein. 

Table 3. Ruminal pH over time of the 
experimental diets.

Tabla 3. pH ruminal a través del tiempo 
de las dietas experimentales. 

Values preceded by   or   had an increase 
or diminution (P< 0.05) compared 
with the previous measurement in 

the same treatments. 1SMB: sugarcane silage 
+ soybean meal; FM: sugarcane silage 

+ fish meal; CM: sugarcane silage + 
canola meal; CCM: sugarcane silage + coconut meal. 

2Standard error of the mean. 
Los valores precedidos por  o  tuvieron un aumento 

o disminución (P <0,05) en comparación con la 
medición anterior en los mismos tratamientos. 

1SBM: ensilado de caña de azúcar + harina de soya; 
FM: ensilado de caña de azúcar + harina de pescado; 
CM: ensilado de caña de azúcar + harina de canola; 

CMM: ensilado de caña de azúcar + harina coco. 
2Error estándar de la media.

H
Treatments1

SEM2

SBM FM CM CCM
-1 7.64 7.65 7.75 7.64 0.055
0 7.61 7.66 7.84 7.76 0.055
2 7.53 7.64 7.54 7.53 0.055
4 7.38  7.56 7.55 7.50 0.055
6 7.39 7.55 7.51 7.38 0.055
8 7.22 7.49 7.40 7.33 0.055

10 7.07 7.25 7.14 6.91 0.055
12 7.06 7.16 7.29 6.91 0.055

Average 7.36 7.49 7.51 7.37 0.060 
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