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1. Introduction
Yeast control is essential for obtaining high-quality 
sugarcane silage [1]. Soluble sugars correspond to more 
than 40% of the organic matter present in the mature plant 
[2], and, under normal conditions, where the fermentation 
process of this forage is commonly dominated by yeasts, 
there is intense metabolization of these sugars into ethanol, 
resulting in considerable dry matter losses, impoverishing 
the nutritional quality of the food.

Once added to the ensiled forage, sodium benzoate is 
converted to benzoic acid, which assist to reduce the pH of 
the silage more quickly in the initial stage of fermentation. 
This rapid reduction in pH during the making of silage can 
both improve fermentation and assist reduce losses, as well 
as improve aerobic stability [3], especially in grasses [4]. 
Several studies prove this efficiency in the preservation 
of dry matter [3,5] but without demonstrating possible 
changes imposed on the ruminal fermentation of the food 
obtained. Pedroso et al. [6] demonstrated an increase in 
the digestibility of the dry matter of sugarcane silage with 

the addition of sodium benzoate but without a reduction 
in the production of ethanol, suggesting an intense 
degradation of nonfibrous carbohydrates by yeasts during 
silage production.

Related studies demonstrated that the appropriate 
level of this additive is still debatable. While Pedroso et 
al. [7] emphasized that 0.05% in natural matter would be 
sufficient for obtaining an efficient fermentation process, 
Bernandes et al. [8] described better results after adding 
a level four times higher. Studies with levels higher than 
these are scarce, as well as data on interventions in the 
ruminal kinetics of carbohydrates and gas production in 
sugarcane silages produced with sodium benzoate.

In vitro analysis techniques are fundamental for the 
study of these fermentation processes under controlled 
conditions. Substrates are incubated in cultures of mixed 
ruminal microorganisms, and the final fermentation 
products accumulated during the process are measured 
[9], allowing forthegeneration of information and for 
obtaining accurate predictions about the quality of forage 
quickly and on a large scale.
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Our objective was to evaluate the chemical composition, 
ruminal kinetics of carbohydrate degradation, gas 
production and aerobic stability of sugarcane silage 
produced with increasing levels of sodium benzoate up to 
1% of the total mass.

2. Materials and methods
The sugarcane (Saccharum officinarum) used for silage 
production was tillage in Mandaguari, Paraná, Brazil, 
located at the coordinates of 23°32’S and 51°40’W at an 
altitude of 670 m. Immediately after harvest, the sugarcane 
was choppedto a size of approximately 20 mm, and then 
manual homogenization with sodium benzoate was 
performed at proportions of 0.00% (control), 0.25%, 
0.50%, 0.75%, and 1.00% in relation to the total mass.

Twenty polyethylene buckets with a capacity of 5 L 
were used as experimental silos, closed with plastic lids, 
sealed with adhesive tape and stored indoors. The chopped 
sugarcane was added to the buckets in quantity to result 
in 600 kg of DM m-3. After 30 days, the silos were opened, 
and 5 cm of the upper and lower portions were discarded. 
Quarterly samples were collected immediately for analysis 
at the Laboratory of Food and Animal Analysis Nutrition 
of the State University of Londrina (LANA-UEL). First, 
the sampleswere predried in a forced ventilation oven at 
55 ºC for 72 h and then milled at 1 mm in a Wiley mill.

The predried samples were used todetermine the total 
dry matter (DM), organic matter (OM), ash, crude protein 
(CP), ether extract (EE), lignin (LIG), hemicellulose 
(HEM), neutral detergent fiber (NDF) and acid detergent 
fiber (ADF) contents according to methods described 
by the AOAC [10]. The determination of ammoniacal 
nitrogen (N-NH3) and buffer capacity (BC) was performed 
using the technique described by Playne and McDonald 
[11]. The fractionation of carbohydrates was performed 
according to estimates suggested by Sniffen et al. [12].

For ruminal fluid collection, two sheep with permanent 
cannulas were used. They were castrated males, 36 months 
old, weighing approximately 75 kg. The animals received a 
diet consisting of maize silage and concentrated feed based 
on corn and soybean meal at a roughage: concentrate ratio 
of 80:20.

The kinetic parameters of ruminal degradation 
were estimated using the semi-automatic technique of 
cumulative in vitro gas production described by Schofield 
et al. [13]. For this purpose, 300 mg of predried sample 
ground at 1 mm was weighed and placed in 50 mL bottles. 
All bottles received 24 mL of McDougal’s buffer solution 
[14], previously reduced with CO2, until reaching a pH 
value of 6.9. Subsequently, 6 mL of inoculum from the 
cannulated sheep was added to each bottle under CO2. For 
variation adjustments, bottles without substrate, which 
were considered blanks, were incubated to discount the 

volume of gases from the rumen liquid and the buffer 
solution.

The bottles were hermetically sealed with a rubber 
stopper and immediately placed in a bio-oxygen demand 
(BOD) incubator at a temperature of 39 ºC. To ensure that 
the pressure in the bottles was under the same conditions 
as the initial pressure, the pressure was depressurized 
with the aid of needles before the incubation time began. 
From this moment on, the pressure of the gases that 
were produced by the fermentation of the substrate and 
accumulated in the bottles was measured by a MPD-79 
model manometer (Instrutherm) at 1, 2, 3, 4, 5, 6, 9, 12, 
18, 24, 30, 36, 48, 60, 72, 84, 96, and 144 h of incubation. 
Depressurization was performed after each measurement.

The measured pressure was converted into volume 
according to the following preestablished equation for 
local conditions:

V = 0,5702 + 3,2399 x Psi + 0,1074 x Psi2

where
V = gas volume, in mL;
Psi = gas pressure, in psi.

To estimate the parameters of ruminal kinetics of 
carbohydrates and gas production, the data were adjusted 
using the two-compartment statistical model by Schofield 
et al. (1994), which is described as the following equation:

𝑉𝑉 =
𝑉𝑉cnf

1 + 𝑒𝑒𝑒𝑒𝑒𝑒	2 − 4 × 𝐾𝐾𝐾𝐾cnf × (𝑡𝑡 − 𝐿𝐿) +
𝑉𝑉𝑉𝑉𝑉𝑉

1 + 𝑒𝑒𝑒𝑒𝑒𝑒	2 − 4 × 𝐾𝐾𝐾𝐾cf × (𝑡𝑡 − 𝐿𝐿) 

𝑉𝑉 =
𝑉𝑉cnf

1 + 𝑒𝑒𝑒𝑒𝑒𝑒	2 − 4 × 𝐾𝐾𝐾𝐾cnf × (𝑡𝑡 − 𝐿𝐿) +
𝑉𝑉𝑉𝑉𝑉𝑉

1 + 𝑒𝑒𝑒𝑒𝑒𝑒	2 − 4 × 𝐾𝐾𝐾𝐾cf × (𝑡𝑡 − 𝐿𝐿) 

where V = gas volume accumulated at time t, in mL; 
Vcnf = maximum volume of gas formed by the fraction 
of nonfibrous carbohydrates, in mL; Kdcnf = rate of 
degradation of nonfibrous carbohydrates, in mL hour-1; 
L= lag time, in hours; t = incubation time, in hours Vcf 
= maximum volume of gas by the fraction of fibrous 
carbohydrates, in mL; Kdcf = rate of degradation of fibrous 
carbohydrates, in mL hour–1.

The experimental design used was completely 
randomized, with five replications. The F-test was applied 
at a 5% confidence probability through analysis of variance 
(ANOVA), and then the Tukey test was implemented for 
comparing multiple means at the 5% level of significance 
using the SAS (1993) software. The data were also 
submitted to polynomial regression analysis, considering 
the variable content of the additive, through the procedure 
regression by the same software.

As the distributions for all parameters of ruminal 
kinetics of carbohydrates and gas production were 
determined with the Gauss–Newton algorithm through 
the R software, regression analyses were performed at the 
5% significance level.
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3. Results and discussion 
The silages presented dry matter contents commonly 
described for sugarcane, with no difference between 
silages with different levels of added sodium benzoate 
and an average of 26.14% (Table 1). We opted for early 
harvest of forage supported by the findings of Knický 
and Spörndly [3], who concluded that the addition of 
chemical additives, including sodium benzoate, in silages 
with a dry matter content similar to that reported here 
was better for controlling of clostridium and deamination.

The increase in the concentration of sodium benzoate 
in the silage promoted a linear decrease in the crude 
protein content, which varied from 2.79% to 2.51% 
between the extremes. The reduction obtained in this 
study was 0.43 percentage points for each 0.25% increase 
in the dose of sodium benzoate. Despite the reduction, it is 
worth noting that the addition of this additive seemed to 
optimize protein flow to the duodenum [15], improving 
the productive performance of dairy cows [16].

There was also a significant reduction for all parts 
of the fiber. No defined behavior was observed among 
the sodium benzoate levels used for NDF, being that 
with 0.50% inclusion we obtained the lowest content 
(51.60%), and the content obtained with 0.75% inclusion 

was closest to that of the control silage (55.88 and 58.09%, 
respectively).

A similar trend was observed for hemicellulose at the 
same levels, since regardless of the content, the levels 
of ADF did not differ between the levels of inclusion of 
sodium benzoate; however, for the ADF content, as for 
cellulose, there was a reduction in comparison to that 
of the control silage. Pedroso et al. [17] also described a 
reduction in the ADF content of sugarcane silage with 
a much lower level than that of the sugarcane silage 
we tested (0.5 g per kg); however, this trend was not 
observed for NDF, which may suggest an advantage for 
the additions of higher sodium benzoate levels, such 
as those studied in this work. Despite this, studies with 
sodium benzoate show great divergence in relation to the 
chemical characterization of silage, and further studies on 
the subject are suggested.

The volume and rate of degradation of nonfibrous 
carbohydrates (Vcnf and Kdcnf, respectively) were 
significantly affected (P < 0.05; Table 2) by the inclusion 
of sodium benzoate, with the largest volume of gas 
produced by fermentation of nonfibrous carbohydrates 
was observed with 0.25%, and, not coincidentally, it was 
the content that presented the lowest Kd (5.52 g DM–1). 

Table 1.  Chemical composition and fractionation of carbohydrates from sugarcane silages added with increasing 
levels of sodium benzoate.

Control 0.25% 0.50% 0.75% 1.00% P-value CV

DM, % NM 24.88 27.62 26.67 26.37 25.18 ns 4.56
OM, % DM 96.50 96.19 97.31 97.91 96.54 ns 1.07
Ash, % DM 3.50 3.81 2.69 2.09 3.46 ns 3.64
CP, % DM† 2.79 a 2.75 a 2.60 ab 2.51 ab 2.36 b 0.0071 8.00
EE, % DM 0.46 0.51 0.22 0.60 0.53 ns 33.66
NDF, % DM 58.09 a 52.55 c 51.60 c 55.88 ab 53.05 bc 0.0015 4.87
ADF, % DM 34.98 a 31.46 b 29.72 b 31.67 b 29.57 b 0.0334 6.89
Hemicellulose, % DM 23.11 abc 21.09 c 21.88 c 24.21 a 23.48 ab 0.0060 6.79
Cellulose, % DM 31.55 a 28.40 ab 26.42 b 28.39 ab 26.40 b 0.0394 9.49
Lignin, % DM 3.43 3.05 3.30 3.28 3.17 ns 20.33
NFC, % DM 38.39 44.10 45.02 42.39 43.51 ns 7.22
CHO, % DM 93.29 92.90 94.50 94.81 93.66 ns 1.10
A+B1, % CHO 45.10 51.20 50.52 47.58 49.86 ns 4.45
B2, % CHO 46.68 41.47 41.57 44.55 42.53 ns 5.67
C, % CHO 8.22 7.33 7.91 7.87 7.61 ns 12.33

†Ŷ = 2.82–0.4287x (P: <0.0001; R2: 0.3390; CV: 8.34). 
R2: determination coefficient; CV: coefficient of variation; DM: dry matter; OM: organic matter; CP: crude protein; 
EE: ethereal extract; NDF: neutral detergent fiber; ADF: acid detergent fiber; NFC: nonfibrous carbohydrate; CHO: 
total carbohydrate.
Averages, followed by different letters in the same row, differ by the Tukey test at 5%.
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The highest rate of passage of this fraction occurred with 
the highest content of addition (1.00%; 8.42 g DM–1).

The lag time was not affected by the addition of sodium 
benzoate, indicating that this additive did not hinder the 
access and affinity of the microorganisms for the substrate 
and probably did not alter the action site of cellulases. 
Oliveira Filho et al. [18] published lag times longer than 
ours, which may be related to the lignin content also being 
higher as described by the authors. Despite the high levels, 
the use of sodium benzoate as a silage additive did not 
present a risk to animal and human health (Zwiers and 
Weissbach, 1989) cited by [8].

The gas production by fermentation of fibrous 
carbohydrates increased with increasing sodium benzoate 
levels, which may be more associated with the action of 
sodium benzoate on the fiber composition (Table 1) than 
with the action itself on microorganisms. The reduction 
in ADF caused by the additive facilitated the access of 
ruminal microorganisms to the most digestible part of the 
food since it presents itself as a barrier to the substrate.

Despite the differences in Vcf, the final volume (V) of 
gas produced by the fermentation of carbohydrates was 
not affected by the addition of sodium benzoate, with an 
average of 294.96 mL g of DM–1, and was more affected 

by the fraction with greater capacity fermentation (Vcnf).
Queiroz et al. [5] demonstrated that in humid and hot 

conditions, low levels of sodium benzoate in maize silage 
did not generate improvements in aerobic stability. In a 
similar environment, we observed that only at the doses 
of 0.75% and 1.00% sodium benzoate,the aerobic stability 
was in fact superior (P < 0.05) to the control silage, while 
the level of 0.25% sodium benzoate reduced the stability 
after opening the silo. Da Silva et al. [19] described an 
aerobic stability time of 161 h for silage with added sodium 
benzoate versus 41 h for the control silage. Many authors 
expose the high cost of sodium benzoate as an obstacle to 
its use, but with evidence of improvements such as this, 
this point is relativized.

This greater postopening stability is based on the control 
of yeast development in the aerobic phase of fermentation, 
which is mediated by benzoic acid formed from sodium 
benzoate. The nondissociated form of this acid crosses 
microbial cell membranes and releases H+, acidifying the 
cytoplasm [15]. The presence of oxygen during the initial 
phase of the fermentation process is inevitable; however, 
measures to reduce this period, as well as to mitigate the 
development of yeasts, are essential forobtaining silage 
with high stability after opening the silo [1].

Table 2.  Ruminal kinetics of in vitro carbohydrate degradation of sugarcane silages with increasing levels of sodium benzoate.

Control 0.25% 0.50% 0.75% 1.00% Regressione quation R2

Vcnf, mL 112.32 150.44 132.64 87.01 93.65 Ŷ = 131.71 + 39.33x – 88.09x2 0.6491
Kdcnf, % h-1 6.47 5.52 5.73 8.34 8.42 Ŷ = 0.0619 – 0.0262x + 0.0525x2 0.7126
L, hours 6.06 5.90 5.69 4.75 5.75 Ŷ = 5.63 -
Vcf, mL 152.18 142.85 164.74 205.98 211.65 Ŷ = 138.54 + 72.87x 0.8297
Kdcf, % h-1 1.74 1.59 1.68 1.80 1.85 Ŷ = 1.73 -
V, mL 275.34 294.31 297.31 296.48 311.37 Ŷ = 294.96 -

Vcnf: volume of gas formed by the fraction of nonfibrous carbohydrates; Kdcnf: rate of degradation of nonfibrous carbohydrates; L: 
lag time; Vcf: maximum volume of gas by the fraction of fibrous carbohydrates; Kdcf: rate of degradation of fibrous carbohydrates; 
V: total accumulated gas volume.

Table 3. Aerobic stability, ammonium nitrogen (N-NH3) and buffer capacity (BC) of sugarcane silages added with increasing 
levels of sodium benzoate.

Control 0.25% 0.50% 0.75% 1.00% P-value CV

N-NH3, % N total 16.07 15.13 15.12 16.99 19.38 ns 9.82
BC, mEq kg of DM-1 25.81 22.40 27.69 28.32 21.65 ns 15.64
Aerobic stability, hours 114 bc 102 c 114 bc 128 b 168 a <0.0001 11.29
Time to maximum temperature, hours 156 138 138 144 144 ns 12.22
pH after stability test 4.04 3.83 3.62 3.71 3.82 ns 3.39

Averages, followed by different letters in the same row, differ by the Tukey test at 5%.
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The release of intracellular H+ that potentiates the 
antimicrobial action of sodium benzoate also favors an 
overallreduction in the pH of the silage [3]; however, 
despite the highest pH value being observed for the 
control silage, the differences observed after sodium 
benzoate addition were not significant (4.04; Table 
3). Likewise, N-NH3 and BC did not differ among the 
sugarcane silages with added benzoate, with averages 
of 16.54% and 25.17 mEq kg of MS–1, respectively. The 
content of N-NH3 that we observed was below those 
described by Knicky and Sporndly [3] for sugarcane 
silage added with a mixture of potassium sorbate, 
sodium benzoate and sodium nitrite and by Knicky 

and Sporndly [20] with a mixture of just the first two 
additives.

4. Conclusion
The increase in the level of sodium benzoate added 
increased the gas production of fibrous carbohydrates and 
theaerobic stability of the sugarcane silage. However, the 
lower levels reduced the fiber content and stimulated the 
fermentation of nonfibrous carbohydrates.

The high levels of sodium benzoate used in this work, 
above what is commonly studied, have been shown to 
improve the quality of sugarcane silage with a dry matter 
content that is normally difficult to control.
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