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  aBStraCt 

  The objectives of this study were to characterize 
and quantify the microbial populations in guinea grass 
(Panicum maximum Jacq. cultivar Mombasa) harvested 
at different regrowth intervals (35, 45, 55, and 65 d). 
The chemical composition and fermentation profile of 
silages (after 60 d) with or without the addition of a 
microbial inoculant were also analyzed. Before ensil-
ing, samples of the plants were used for the isolation 
and identification of lactic acid bacteria (LAB) in the 
epiphytic microbiota. A 4 × 2 factorial arrangement 
of treatments (4 regrowth intervals × with/without 
inoculant) was used in a completely randomized design 
with 3 replications. Based on the morphological and 
biochemical characteristics and the carbohydrate fer-
mentation profile, Lactobacillus plantarum was found 
to be the predominant specie of LAB in guinea grass 
forage. Linear increases were detected in the dry matter 
(DM) content and concentrations of neutral detergent 
fiber, acid detergent fiber, acid detergent insoluble ni-
trogen, and DM recovery as well as linear reductions in 
the concentrations of crude protein and NH3-N with re-
growth interval. Additionally, linear reductions for gas 
and effluent losses in silages were detected with increas-
ing regrowth interval. These results demonstrate that 
guinea grass plants harvested after 55 d of regrowth 
contain a LAB population sufficiently large to ensure 
good fermentation and increase the DM recovery. The 
use of microbial inoculant further enhanced the fer-
mentation of guinea grass at all stages of regrowth by 
improving the DM recovery. 
  Key words:    ammonia ,  lactic acid bacteria ,  tropical 
grass ,  crude protein 

  IntrODuCtIOn 

  The use of conserved forage, mainly in the form of 
silage, is an alternative supply of high-quality forage 
during periods of feed shortage in Brazil. Among the 
tropical forage grasses, elephant grass is one of the 
most promising potential species for silage due to its 
satisfactory soluble carbohydrate content for ensiling 
(Zanine et al., 2010) and good palatability (Jobim et 
al., 2006; Silva et al., 2006). Some studies conducted 
in Brazil have demonstrated the possibility of ensiling 
other grasses, such as those of the Cynodon (Evange-
lista et al., 2000), Panicum (Paziani et al., 2006), and 
Brachiaria genera (Ribeiro et al., 2008; Santos et al., 
2011). 

  Guinea grass (Panicum maximum Jacq.) originated 
from tropical Africa, and is suitable for pasture, cut and 
carry, silage, and hay (FAO, 2009). This grass has good 
nutritional value, including CP content ranging from 
5.5 to 20.5% of DM (Aganga and Tshwenyane, 2004) 
and in vitro DM digestibility of around 66% (Santos et 
al., 2008). Research was conducted with dairy cows in 
Brazil and showed that guinea grass pastures can allow 
Holstein cows to produce on average 14.0 kg of milk per 
day (Hack et al., 2007) and 10.5 kg/d, as observed by 
Lima et al. (2006). 

  The silages of these grasses have the advantage of high 
annual production per area, perennial growth, a lower 
risk of loss (considering the aerobic deterioration), and 
greater range to be harvested when some additives are 
used (Zanine et al., 2010; Santos et al., 2011). Unfavor-
able aspects of these grasses include a low water-soluble 
carbohydrate content (needed for proper fermentation), 
low DM content at the time of cutting, a high buffering 
capacity, and a lower energy content compared with 
corn or sorghum (Santos et al., 2013). 

  The most commonly used parameters for assessing 
the fermentation quality of ensiled material are the 
concentrations of organic acids (lactic, acetic, and bu-
tyric acid), NH3-N content, and pH. The appropriate 
content of DM before ensiling is important for good 
fermentation in the silo (Ashbell and Weinberg, 2003) 
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to avoid undesirable fermentations (e.g., by Clostridia). 
Moreover, NPN and CP concentrations and in vitro 
digestibility decrease with plant maturity (Snyman and 
Joubert, 1996).

The use of microbial inoculants has emerged as an 
alternative approach to promoting good silage fermen-
tations. The main objectives for the use of inoculants in 
tropical grass silages are to minimize the development 
of bacteria of the Clostridium genus and improve the 
nutritional value of the silage (Driehuis et al., 2000), 
and they also have been used to improve aerobic sta-
bility (Schmidt and Kung, 2010). Inoculants allow the 
use of grasses cut at younger ages, which have high 
nutritional value. Inoculants have also improved the 
fermentation of mature grasses (Penteado et al., 2007; 
Santos et al., 2008). Most research involving the use 
of microbial inoculants has been conducted in North 
America and Europe. Studies involving tropical condi-
tions remain scarce, although interest in these products 
in this region has grown significantly in recent years.

Due to a limited amount of information on the mi-
crobial populations in tropical grasses and their silages, 
the present study was aimed at characterizing and 
quantifying the microbial populations in guinea grass 
harvested at different regrowth intervals. The chemi-
cal composition, fermentation profile and recovery of 
matter from these silages in the presence or absence of 
microbial inoculant were also analyzed.

MATERIALS AND METHODS

Location and Forage

The experiment was performed between December 
2004 and March 2005 at the Animal Science Depart-
ment at the Federal University of Viçosa (Viçosa, 
Minas Gerais, Brazil). Viçosa is located at 20°45′S and 
42°51′W at an altitude of 657 m. The area receives an 
average annual rainfall of 1,341 mm, approximately 
86% of which occurs between October and March. The 
local soil is classified as clay loam texture Red-Yellow 
Argisol.

On November 2, 2004, 500 kg/ha of dolomitic lime-
stone in the form of dolomitic limestone (83% total 
neutralizing power) was applied to adjust the soil 
acidity, with the objective of raising the base satura-
tion to 60%. On November 17, the broadcast seeding 
of guinea grass (Panicum maximum Jacq. ‘Mombasa’) 
was performed in an area of approximately 0.3 ha using 
an application of 100 kg/ha of P2O5 in the form of 
single superphosphate. Topdressing fertilization using 
250 kg/ha of a 20-0-20 formula (Fertilizantes Heringer, 
Manhuaçu, Minas Gerais, Brazil) was applied 30 d after 
planting.

Experimental Treatments and Silage Preparation

The pasture used for this study was randomly divided 
into 4 plots of 30 m2 to define 4 regrowth intervals of 
35, 45, 55, and 65 d. To obtain these intervals, the first 
plot was mowed for height standardization on Febru-
ary 18, 2005. The remaining plots were mowed at 10-d 
intervals, from the highest to lowest regrowth interval, 
to collect and to ensile grasses of all regrowth intervals 
at the same day. When the mowing for height stan-
dardization was completed, the plots were immediately 
fertilized with 250 kg/ha of a 20-0-20 formula.

On the day of the treatment, grass was harvested 
from the 4 plots representing 4 regrowth intervals of 
35, 45, 55, and 65 d. Grasses were cut at 10 cm above 
the soil in all plots using a backpack mower, and were 
chopped in a stationary forage chopper (model PN Plus 
2000; Nogueira S.A., São João da Boa Vista, Brazil) 
to approximately 1 to 2 cm of forage particle length. 
Harvested, chopped forages were either untreated or 
treated with a microbial inoculant (Sil All C4 compris-
ing Enterococcus faecium, Pediococcus acidilactici, and 
Lactobacillus plantarum; Alltech, Araucária, Brazil), 
applied to achieve a final application rate of 100,000 
cfu of lactic acid bacteria (LAB)/g of fresh forage. The 
inoculant was added to chopped forage with a hand 
sprayer while constantly mixing. Chopped material 
was ensiled in 15-L plastic buckets to obtain a packing 
density of 550 kg/dm3. Three replicated buckets were 
prepared for each combination of treatment of regrowth 
and inoculation. Bucket lids were equipped with a Bun-
sen valve to allow for gas to escape. The bottoms of the 
buckets were lined with 3 kg of sand separated by cot-
ton fabric to capture effluent. All buckets were ensiled 
in a barn with ambient temperature ranging from 22 to 
28°C for 60 d.

Sampling and Analytical Procedures

Microbial Analyses. The isolation of lactobacilli 
predominant in the grass before harvest was done ac-
cording to procedures described by Santos et al. (2011). 
Ten samples were randomly collected from each plot, 
and a composite sample was formed for immediate 
microbiological analyses. The identification of isolates 
from guinea grass was performed using the API 50 
CH carbohydrate fermentation test kit (bioMérieux 
Inc., Marcy l’Étoile, France). The identification was 
confirmed using API software (bioMérieux Inc.), which 
expresses the result as a percentage of identification.

Growth tests were performed in tryptic soy broth 
(TSB; Difco, São Paulo, SP, Brazil) with salt concen-
trations of 4.0 and 6.5% NaCl and pH of 7.2 and 9.6. 
The TSB cultures at pH 7.2 did not have additional 
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NaCl in the media; TSB cultures at pH 9.6 were tested 
at the 2 different concentrations of NaCl. The isolates 
were also incubated in de Man, Rogosa, and Sharpe 
(MRS) broth at 15°C and 45°C. After 24 h of incuba-
tion, the presence of culture growth under the test con-
ditions was indicated by the development of turbidity 
in the media.

The microbial populations of fresh forages and silages 
for each treatment were also determined by using 10 
g of a composite sample of silage from the 3 silos in 
each treatment and adding 90 mL of phosphate buf-
fer solution to obtain a 10:1 dilution. Serial dilutions 
were then performed to obtain dilutions ranging from 
10:1 to 10:9. Pour plates were prepared with Rogosa 
agar (Difco) for enumerating LAB, violet red bile agar 
(Difco) for Enterobacteriaceae and potato dextrose agar 
(Difco) for yeasts and molds (acidified with 10% tar-
taric acid solution). Plates were incubated aerobically 
at 35°C for 48 to 72 h before counting, except for the 
yeast and mold plates that were incubated at ambient 
temperature (ranging from 24 to 27°C) to 5 d. Plates 
with counts between 30 and 300 colonies were included 
in the data collection.

General Chemical Analyses. After 60 d of ensil-
ing, the final weights of the silos were recorded and each 
silo was opened and the silage mixed thoroughly. Silage 
samples were collected for pH and ammonia nitrogen 
determinations according to Bolsen et al. (1992). For 
pH, 25 g of silage was collected from each silo and after 
that was combined with 100 mL of water and was al-
lowed to stand for 1 h before the pH reading. Another 
25 g of silage sample was combined with 200 mL of an 
H2SO4 solution and incubated in a refrigerator for 48 h. 
The mixture was filtered using Whatman 54 filter pa-
per (Whatman Inc., Clifton, NJ), and the filtrate was 
frozen for subsequent determination of the ammonia 
nitrogen content.

A hydraulic press was used to compress a 500-g sam-
ple of silage for liquid extraction for the determination 
of the organic acid contents. The extract was treated 
with 10% metaphosphoric acid and frozen for later 
analysis of the lactic, acetic, and butyric acid contents 
by gas chromatography (AOAC, 1980).

Approximately 500 g of sample from each silo and 
from plants before ensiling were predried in a forced-
ventilation oven at 60°C for 72 h. The following proper-
ties were determined in these samples: DM content; 
water-soluble carbohydrate (WSC) concentration 
according to Deriaz (1961); CP concentration, using 
the Kjeldahl method; ADIN as described by Licitra et 
al. (1996); and NDF and ADF concentrations. Neutral 
detergent fiber and ADF concentrations were evaluated 
using the compositions of detergent recommended by 
Mertens (2002) and Goering and Van Soest (1975), 

respectively. Microextraction in an autoclave was used 
to quantify the NDF and ADF concentrations (Pell 
and Schofield, 1993). In the NDF analysis, the samples 
were treated with thermostable α-amylase, without the 
use of sodium sulfite. Dry matter losses from the silage 
via the gas and effluent were determined based on the 
differences between weights according to Jobim et al. 
(2007).

Statistical Analysis. All microbial data were loga-
rithmically transformed and are presented on a wet-
weight basis. Chemical data are presented on a DM 
basis.

Data were analyzed as a 4 × 2 factorial arrangement, 
with factors including 4 regrowth intervals (35, 45, 55, 
and 65) and 2 treatments (with or without inoculant) 
in a complete randomized design. Each bucket was 
considered the experimental unit. Data were analyzed 
using the model

Yijk = μ + RIi + Ij + (RI × I)ij + eijk,

where Yijk = dependent variable representing the re-
sponse for the regrowth interval i observed in inoculant 
j, μ = mean, RIi = regrowth interval effect, Ij = inocu-
lant effect, (RI × I)ij = interaction effect, and eijk = 
residual error.

Data were examined by analyses of variance and 
regression using the software Sistema para Análises 
Estatísticas (SAEG; version 8.0; Universidade Federal 
de Viçosa, 1999) and differences were reported as sig-
nificant when P < 0.05. The effects of the inoculant at 
the different regrowth intervals were separated by the 
Tukey test (P ≤ 0.05; Snedecor and Cochran, 1980).

The effects of the regrowth interval were evaluated 
by simple linear regression analysis using the determi-
nation coefficients and significance of regression pa-
rameters as model choice criteria. These parameters 
were tested using the t-test at a probability level of 5%. 
For evaluating the pH, according to the fermentation 
period, it was done an adjustment of the data to the 
nonlinear model Yt = A + B × e−ct [where A = final 
pH, B = decrease in pH with the fermentation period 
(t) tending to the infinite, and c = rate of decline of B], 
proposed by Hristov and McAllister (2002).

RESULTS AND DISCUSSION

The microbial and chemical compositions of guinea 
grass at different regrowth intervals before ensiling are 
presented in Table 1. The LAB populations ranged 
from 4.35 (35 d) to 5.55 (65 d) log cfu/g. Meeske et 
al. (1999) reported a population of approximately 1 
log cfu/g in fresh forage of Digitaria eriantha. In an 
analysis of the indigenous microflora of guinea grass 
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(Panicum maximum Jacq.), Cai et al. (1998) detected 
a LAB population of approximately ≤3 log cfu/g in 
fresh forage. Pereira et al. (2007) reported an initial 
population of LAB of 4.92 log cfu/g in elephant grass. 
The DM content and WSC, NDF, ADF, and ADIN 
concentrations increased with increasing regrowth in-
terval, whereas the levels of CP and NH3-N decreased 
with increasing regrowth interval.

A DM content of 25% is recommended by McDonald 
et al. (1991) as a requirement for minimizing effluent 
loss in the silo and the preservation of nutrients in si-
lages. This DM content was obtained only in plants 
harvested at 65 d of regrowth. These results should 
be treated with caution because factors such as the 
physical structure of the forage, compaction, buffering 
capacity, and indigenous LAB populations can affect 
fermentation. The increase in DM and fiber levels with 
increasing maturity was expected. As plants mature, 
intensification in stem elongation and a progressive 

decrease in leaf proportion occur. This leads to a re-
duction in the cell content and nutritional value of the 
plant with maturity.

Table 2 shows that all isolates were short, gram-pos-
itive bacilli that form colonies with round edges. These 
bacilli were arranged in pairs or short chains (3–4 cells) 
and showed a negative reaction in the catalase test. Iso-
lates did not grow at pH 9.6 and 6.5% NaCl; however, 
all grew colonies at pH 7.2 and 4% NaCl at 45°C. The 
carbohydrate fermentation profiles of isolates EM1, 
EM2, EM3, EM4, EM5, and EM6 were identified as 
Lactobacillus plantarum with 99.9% similarity (Table 
3). Lactobacillus plantarum, predominant in guinea 
grass, has been previously isolated and characterized 
as a predominant species in numerous plants. Lin et al. 
(1992) found that more than 90% of the total isolated 
LAB were homofermentative and had L. plantarum as 
the predominant species from the indigenous microflora 
of corn and alfalfa. In another study, Pereira et al. 

Table 1. Microbial populations, DM, CP, NH3-N, water-soluble carbohydrate (WSC), NDF, ADF, and ADIN 
in guinea grass plants at different regrowth intervals before ensiling 

Item1

Regrowth interval (d)

SE35 45 55 65

LAB (log cfu/g) 4.35 4.56 5.16 5.55 0.15
ENT (log cfu/g) 6.13 5.57 5.52 5.72 0.09
YM (log cfu/g) 6.10 5.73 5.80 5.64 0.21
DM (%) 19.75 19.91 20.50 25.10 0.87
CP (% of DM) 8.10 7.10 7.31 5.66 0.32
NH3-N (% of total N) 2.90 3.10 2.20 2.05 0.25
WSC (% of DM) 3.75 4.68 5.12 5.85 0.31
NDF (% of DM) 55.85 60.21 62.35 64.12 0.87
ADF (% of DM) 29.08 29.15 31.15 32.35 0.48
ADIN (% of total N) 5.78 6.51 7.01 7.45 0.23
1LAB = lactic acid bacteria; ENT = enterobacteria; YM = yeasts and molds.

Table 2. Morphology and biochemical characteristics of the isolates EM1, EM2, EM3, EM4, EM5, and EM6 from guinea grass plants1 

Item

Isolated strain
Lactobacillus 
plantarumEM1 EM2 EM3 EM4 EM5 EM6

Form Rod Rod Rod Rod Rod Rod Rod
Arrangement DB2 DB DB DB DB DB DB
Test
  Gram + + + + + + +
  Catalase − − − − − − −
  Growth at different pH
    7.2 + + + + + + +
    9.6 − − − − − − −
  Growth at different salt concentrations
    NaCl, 4% + + + + + + +
    NaCl, 6.5% − − − − − − −
  Growth at different temperatures (°C)
    15 + + + + + + +
    45 + + + + + + +
1+ = positive result; − = negative result.
2DB = diplobacillus.
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(2007) assessed the LAB population in elephant grass 
cultivar Cameroon (Pennisetum purpureum Schum) 
and identified the isolates as Lactobacillus casei ssp. 
pseudoplantarum using carbohydrate fermentation pro-
files as identification criterion. Recently, Lactobacillus 
fermentum was identified by Rigueira et al. (2013) as 
the predominant species in plants of signalgrass and 
guinea grass before ensiling.

The pH and NH3-N values and the levels of lactic, 
acetic and butyric acids as a function of regrowth in-

terval and the use of microbial inoculant are shown in 
Table 4. The pH and the concentration of NH3-N and 
lactic and acetic acids were affected by the regrowth 
interval and inoculant (P < 0.05). Butyric acid showed 
a significant interaction effect (P < 0.05). The levels 
of NH3-N decreased linearly (P < 0.05) with regrowth 
interval, whereas the pH data fit an exponential model.

The use of inoculant reduced the pH values (P < 
0.05) at all regrowth intervals. A similar behavior was 
observed for the NH3-N content, except in the silage 

Table 3. Carbohydrate fermentation profile of the isolates EM1, EM2, EM3, EM4, EM5, and EM6 from guinea grass plants1 

Carbohydrate

Isolated strain
Lactobacillus  
plantarumEM1 EM2 EM3 EM4 EM5 EM6

(1) Glycerol − − − − − − −
(2) Erythritol (+) (+) (+) (+) (+) (+) −
(3) d-Arabinose − − − − − − −
(4) l-Arabinose + + + + + + +
(5) Ribose + + + + + + +
(6) d-Xylose − − − − − − −
(7) l-Xylose − − − − − − −
(8) Adonitol − − − − − − −
(9) β-Methyl d-xylose − − − − − − −
(10) Galactose + + + + + + +
(11) Glucose + + + + + + +
(12) Fructose + + + + + + +
(13) Mannose + + + + + + +
(14) l-Sorbose − + + + − − −
(15) Rhamnose (+) (+) (+) (+) (+) (+) −
(16) Dulcitol − − − − − − −
(17) Inositol − − − − − − −
(18) Mannitol + + + + + + +
(19) Sorbitol + + + + + + +
(20) α-Methyl d-mannoside − − − − − − +
(21) α-Methyl d-glucoside − − − − − − −
(22) N-Acetyl-glucosamine + + + + + + +
(23) Amygdalin + + + + + + +
(24) Arbutin + + + + + + +
(25) Esculin + + + + + + +
(26) Salicin + + + + + + +
(27) Cellobiose + + + + + + +
(28) Maltose + + + + + + +
(29) Lactose + + + + + + +
(30) Melibiose + + + + + + +
(31) Sucrose + + + + + + +
(32) Trehalose + + + + + + +
(33) Inulin − − − − − − −
(34) Melezitose (+) + + + + + +
(35) d-Raffinose + + + + + + +
(36) Starch − − − − − − −
(37) Glycogen − − − − − − −
(38) Xylitol − − − − − − −
(39) β-Gentibiose + + + + + + +
(40) d-Turanose + − + + + + +
(41) l-Xylose − − − − − − −
(42) d-Tagatose − − − − − − −
(43) d-Fucose − − − − − − −
(44) l-Fucose − − − − − − −
(45) d-Arabitol (+) (+) (+) (+) (+) (+) −
(46) l-Arabitol − − − − − − −
(47) Gluconate + + + + + + +
(48) Ketogluconate − − − − − − −
(49) α-Ketogluconate − − − − − − −
1+ = intense fermentation (intense yellow); − = lack of fermentation (purple); (+) = moderate fermentation (weak yellow, tending to green).
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of forage harvested at 65 d. The levels of lactic acid 
increased linearly (P < 0.05) with the regrowth in-
terval, whereas the levels of butyric and acetic acids 
showed a linear decrease (P < 0.05). The lactic acid 
content increased by 0.5533 and 0.5406 units per day 
of fermentation for silage with and without inoculant, 
respectively. Higher levels of lactic acid (P < 0.05) were 
found in inoculated silages at all ages, except for forage 
harvested at 65 d. Inoculation resulted in lower levels 
(P < 0.05) of acetic acid for all regrowth intervals. 
Higher levels (P < 0.05) of butyric acid were observed 
in silages from forage harvested at 35 and 45 d without 
added inoculant.

The higher levels of lactic acid in silages from plants 
harvested at more advanced regrowth intervals and in 
the presence of microbial inoculant may be associated 
with lower pH values. According to Muck (1996), low 
pH values indicate an increase in lactic acid produc-
tion, leading to a lower production of other organic 

acids, and a reduction in proteolysis resulting in low 
NH3-N production.

Meeske et al. (1999) observed a reduction in the lev-
els of acetic and butyric acids and increased levels of 
lactic acid in Digitaria eriantha silage in response to the 
application of microbial inoculant containing the same 
species of bacteria present in the inoculant used in this 
work. However, Rodrigues et al. (2003) and de Andrade 
and Melotti (2004) found no effect of the microbial in-
oculant on organic acid levels in elephant grass silage.

Lower pH and NH3-N values in silages of plants 
harvested at high intervals indicate better fermenta-
tion in these silages relative to the silage of younger 
plants. This effect was most likely due to the higher 
levels of DM and WSC observed in this work relative 
to other studies, which promoted a greater production 
of lactic acid and reduced losses via gas production. 
Reductions in pH levels and ammonia production in 
silages of grass from tropical climates as a function of 

Table 4. Mean values of pH, NH3-N, and lactic, acetic, and butyric acids in guinea grass silages as a function of the regrowth interval (RI), 
inoculant (I), and RI × I interaction 

I

RI (d) P-value

SE35 45 55 65 RI I RI × I

pH <0.0001 0.037 0.45 0.05
  Without 5.15a 5.09a 4.84a 4.63a

  With 5.04b 4.96b 4.83b 4.44b

NH3-N (% of total N) <0.0001 0.042 0.18 0.26
  Without 9.59a 8.91a 8.22a 6.17a

  With 8.78b 8.38b 7.83b 6.09a

Lactic acid (% of DM) <0.0001 0.0038 0.80 0.29
  Without 2.54b 3.15b 3.49b 4.27a

  With 3.04a 3.61a 4.45a 4.56a

Acetic acid (% of DM)  <0.0001 0.0002 0.088 0.13
  Without 1.34a 1.16a 0.92a 0.89a

  With 1.15b 0.77b 0.68b 0.68b

Butyric acid (% of DM) <0.0001 0.0049 0.043 0.04
  Without 0.070a 0.050a 0.040a 0.043a

  With 0.050b 0.043b 0.040a 0.040a

Regression equation1 R2

pH
  Without Ŷ = 5.9226 e−0.0037X * 0.95
  With Ŷ = 5.8972 e−0.0041X * 0.87
NH3-N (% of total N)  
  Without Ŷ = 13.6975 − 0.1095X* 0.91
  With Ŷ = 12.0841 − 0.0862X* 0.88
Lactic acid  
  Without Ŷ = 1.9833 + 0.5533X* 0.98
  With Ŷ = 2.5666 + 0.5406X* 0.93
Acetic acid  
  Without Ŷ = 1.4800 − 0.1593X* 0.93
  With Ŷ = 1.2016 − 0.5406X* 0.76
Butyric acid  
  Without Ŷ = 0.0733 − 0.0090X* 0.75
  With Ŷ = 0.0516 − 0.0003X* 0.83
a,bWithin a column, means without a common superscript letter differ (P < 0.05; Tukey test).
1Ŷ = estimate of Y.
*Significant according to the t-test (P < 0.05).
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increasing regrowth interval in silages of signal grass 
(Brachiaria decumbens) were reported by Santos et al. 
(2011).

Meeske et al. (1999) also found lower pH and NH3-
N levels in silages of Digitaria eriantha treated with 
microbial inoculant relative to uninoculated controls. 
Patrizi et al. (2004) evaluated the effects of 3 types 
of silage inoculant in elephant grass and found that 
the pH level was reduced only in inoculants containing 
Lactobacillus plantarum and Pediococcus acidilactici.

Muck and Kung (1997), in a review article on mi-
crobial inoculant studies published between 1990 and 
1995, noted that inoculants had been relatively success-
ful in 60% of the studies, with lower pH and ammonia 
nitrogen levels and a predominance of lactic acid and, 
therefore, a better silage fermentation profile was re-
ported. However, studies of Tanzania grass by Paziani 
et al. (2006) showed no effect of microbial inoculants on 
the pH or ammonia nitrogen levels, or both, in silage. 
Several factors contribute to the lack of an effect of mi-

crobial inoculants on the fermentative profile of silages, 
including the indigenous LAB population and the WSC 
and DM contents of the forage.

The mean values of chemical constituents at the 
different regrowth intervals and with the use of mi-
crobial inoculant are shown in Table 5. Effects of the 
regrowth interval (P < 0.05) and inoculant (P < 0.05) 
on the DM and CP levels were detected, whereas the 
NDF, ADF, and ADIN concentrations were influenced 
only by the regrowth interval (P < 0.05). Estimated 
increases in the levels of DM were 0.2751 and 0.2553 
units per day of regrowth in silages with and without 
inoculant, respectively. The CP content decreased lin-
early with increasing regrowth interval (P < 0.05). The 
highest levels of CP (P < 0.05) in the inoculated silage 
were recorded in plants harvested at 35, 45, and 55 d of 
regrowth. The NDF, ADF, and ADIN concentrations 
increased linearly (P < 0.05) with increasing regrowth 
interval but were not affected (P > 0.05) by the addi-
tion of microbial inoculant.

Table 5. Mean values of DM, CP, NDF, ADF, and ADIN in guinea grass silages as a function of the regrowth interval (RI), inoculant (I), and 
RI × I interaction 

I

RI (d) P-value

SE35 45 55 65 RI I RI × I

DM (%) <0.0001 0.0085 0.34 0.68
  Without 18.60b 19.35a 18.60b 19.35a

  With 19.40a 19.46a 19.40a 19.46a

CP (% of DM) <0.0001 0.0096 0.59 0.19
  Without 7.91b 7.07b 7.91b 7.07b

  With 8.39a 7.54a 8.39a 7.54a

NDF (% of DM) 0.0002 0.056 0.68 0.61
  Without 58.52 59.20 58.52 59.20
  With 57.57 57.21 57.57 57.21
ADF (% of DM) <0.0001 0.13 0.62 0.46
  Without 28.00 28.95 28.00 28.95
  With 26.63 27.21 26.63 27.21
ADIN (% of total N) 0.0040 0.38 0.098 0.16
  Without 10.35 12.28 10.35 12.28
  With 10.05 11.90 10.05 11.90

Regression equation1 R2

DM (%)
  Without Ŷ = 7.8275 + 0.2751X* 0.84
  With Ŷ = 9.2775 + 0.2523X* 0.81
CP (% of DM)
  Without Ŷ = 10.4650 − 0.0750X* 0.98
  With Ŷ = 11.0808 − 0.0744X* >0.99
NDF (% of DM)
  Without Ŷ = 56.3051 + 1.6210X* 0.82
  With Ŷ = 52.1650 + 0.1636X* 0.87
ADF (% of DM)
  Without Ŷ = 24.9710 + 1.5230X* 0.91
  With Ŷ = 21.6280 + 0.1419X 0.96
ADIN (% of total N)
  Without Ŷ = 8.8532 + 1.4130X* 0.91
  With Ŷ = 7.9116 + 1.2905X* 0.92
a,bWithin a column, means without a common superscript letter differ (P < 0.05; Tukey test).
1Ŷ = estimate of Y.
*Significant according to the t-test (P < 0.05).



4430 Santos et al.

Journal of Dairy Science Vol. 97 No. 7, 2014

The use of inoculant affected the DM content at the 
smallest regrowth interval, but no significant differ-
ences were found for the other intervals. Penteado et 
al. (2007) reported increases of 23.1 to 24.8% in the 
DM content of inoculated guinea grass silages, whereas 
Pereira et al. (2007) found no effect of inoculants on 
these characteristics of elephant grass silage.

The highest observed CP content in inoculated si-
lages may be caused by reduced proteolysis relative 
to noninoculated silage because a rapid decline in pH 
inhibits the development of proteolytic bacteria such as 
members of the genus Clostridium and enterobacteria 
(Muck, 1996). Patrizi et al. (2004) also reported higher 
values of CP in inoculated elephant grass silage com-
pared with silage without inoculant. In contrast, Meeske 
et al. (1999), Pereira et al. (2007), and Penteado et al. 
(2007) did not observe an effect of inoculants on the CP 
content of the evaluated silages.

An increase in the fiber fraction with increasing 
regrowth interval was expected based on previous re-
ports. For example, Santos et al. (2011) also reported 
increases in the levels of NDF, ADF, and ADIN in 
silages of signal grass at different regrowth intervals. In 
contrast to the findings of both the Santos et al. (2011) 
study and the current study, certain authors found that 
inoculation had an effect on the fiber fraction. Schae-
fer et al. (1989), working with an inoculant contain-
ing Pediococcus acidilactici and Lactobacillus xylosus, 
reported reductions in the NDF and ADF concentra-

tions in corn silage. Similarly, Stokes and Chen (1994) 
observed a general reduction in the concentration of 
constituents of the fiber fraction (NDF, ADF, cellulose, 
and hemicellulose) from 11 to 13%.

Table 6 shows the mean values of the gas loss, efflu-
ent loss, and DM recovery as a factor of the microbial 
inoculation and regrowth interval. All variables were 
influenced (P < 0.05) by the regrowth interval and the 
inoculant.

Losses through gas production decreased linearly (P 
< 0.05) with increasing regrowth interval, and lower 
levels of gas production (P < 0.05) were observed in 
inoculated silage for all regrowth intervals. Dry matter 
recovery increased linearly with increasing regrowth 
interval (P < 0.05); the estimated increase was 0.1714 
and 0.1558 units per day of regrowth in inoculated and 
noninoculated silages, respectively. The highest levels of 
DM recovery (P < 0.05) were observed when the forage 
was ensiled with inoculant for all regrowth intervals.

A reduction in losses by gas production with increas-
ing regrowth interval may be attributed to the DM 
levels and higher WSC in plants harvested at more ad-
vanced ages. The LAB population, which favors lactic 
acid fermentation, is also a factor. Gas production in 
the ensiled mass, according to Muck (1996), is a result 
of secondary fermentation. Secondary fermentation is 
performed by enterobacteria, clostridium bacteria, and 
aerobic microorganisms, which grow optimally at a 
relatively low DM content. Low levels of WSC result in 

Table 6. Mean values of the gas and effluent losses and DM recovery (DMR) in guinea grass silages as a function of the regrowth interval (RI), 
inoculant (I) and RI × I interaction 

I

RI (d) P-value

SE35 45 55 65 RI I RI × I

Gas losses (% of DM) 0.0002 0.015 0.090 0.16
  Without 8.10a 7.81a 8.10a 7.81a

  With 7.50a 6.10b 7.50a 6.10b

Effluent losses (kg/ton) <0.0001 0.0039 0.15 2.76
  Without 59.0a 48.5b 59.0a 48.5b

  With 61.0a 54.4a 61.0a 54.4a

DMR (%)  0.0002 0.0093 0.46 0.62
  Without 89.9a 90.0b 89.9a 90.0b

  With 92.0a 94.1a 92.0a 94.1a

Regression equation1 R2

Gas losses (% of DM)
  Without Ŷ = 12.0123 − 0.0523X* 0.90
  With Ŷ = 11.8986 − 0.0578X* 0.96
Effluent losses (kg/t)
  Without Ŷ = 124.5500 − 0.903X* 0.98
  With Ŷ = 119.1300 − 1.5599X* >0.99
DMR (%)
  Without Ŷ = 83.0775 + 0.1558X* 0.98
  With Ŷ = 85.9800 + 0.1714X* 0.88
a,bWithin a column, means without a common superscript letter differ (P < 0.05; Tukey test).
1Ŷ = estimate of Y.
*Significant according to the t-test (P < 0.05). 
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a decreased production of lactic acid and a consequent 
gradual decrease in the pH, which also favors secondary 
fermentation.

The linear decrease in the production of effluent in 
inoculated and noninoculated silages with increasing 
age of regrowth occurs due to the increased DM level 
in more mature plants. McDonald et al. (1991) rec-
ommend a minimum DM content of 25% to minimize 
effluent losses.

One of the uses of microbial inoculants is to foster 
LAB establishment in the silage and, thus, to reduce 
losses caused by fermentation reactions. Homofermen-
tative LAB, such as Lactobacillus plantarum, inhibit 
the development of undesirable microorganisms, reduce 
losses, and promote a higher recovery of DM. The in-
creases of 0.1558 and 0.1714 units per day of regrowth 
in DM recovered from silages without and with inocu-
lant, respectively, resulted from the linear decrease in 
gas and effluent losses in both silages. The highest DM 
recovery in silages inoculated at different ages reflects 
their optimal fermentation profile.

CONCLUSIONS

Based on the morphological and biochemical char-
acteristics and the carbohydrate fermentation profile, 
Lactobacillus plantarum was found to be the predomi-
nant specie of LAB in guinea grass forage. Guinea grass 
harvested at 55 d of regrowth, or later, contained a LAB 
population sufficiently large to ensure good fermenta-
tion. The pH and NH3-N values and the organic acid 
contents of these silages led to higher ensiled DM recov-
ery. The inoculant evaluated in this study increased the 
recovery of DM and improved the fermentation profile 
of guinea grass silages at all regrowth intervals.
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