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NH3–N, and yeast were significantly (P < 0.05) decreased 
at 30 days of ensiling in treatment groups as compared to 
control. It is recommended that the inoculation of LAB 
could improve the fermentation quality of elephant grass 
silage and further effort is needed to evaluate these effects 
on silage produced on farm scale and on animal production 
performance.

Keywords  Fermentation quality · HPLC · Lactobacillus 
plantarum · Pediococcus acidilactici

Introduction

Elephant grass can be attributed to the role that it plays as the 
major livestock feed in smallholder dairy production systems 
in China and other parts of the world in tropical and subtrop-
ical areas (Desta et al. 2016; Gulfam et al. 2016). Ensiling 
is a traditional preservation method of green plant material, 
which aimed the availability of nutritious and palatable feed 
for animals throughout the year. Moreover, during the fer-
mentation process, the epiphytic lactic acid bacteria (LAB) 
on forage utilizes water-soluble carbohydrates (WSC) to pro-
duce lactic acid (LA); as a result, pH is dropped in silage 
and reduced the risk of a clostridial fermentation by the 
native bacterial population(Ni et al. 2014). According to the 
review and literature, 75% studies have reported that inocu-
lated silages reduced pH, NH3, and enhanced lactic acid pro-
duction. Furthermore, it was reported that mostly, tropical 
and subtropical grasses are very difficult to be ensiled due 
to their low WSC, low lactic acid bacteria, and high buffer 
capacity (Desta et al. 2016). The epiphytic microorganisms 
existed naturally in forage crops are responsible for silage 
fermentation and also influence the effectiveness of silage 
bacterial inoculation. Consequently, the previous studies 
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have focused on how to get better fermentation quality by 
isolating LAB, ideally competent of dominating lactic fer-
mentation from epiphytic LAB of forage or silage (Liu et al. 
2012). Different chemicals and biological additives have 
been used to improve silage fermentation. Many researchers 
used different silage additives such as molasses, formic acid, 
cellulose, fibrolytic enzyme, and LAB to obtain good quality 
silage (Guo et al. 2014; Ni et al. 2014; Desta et al. 2016).

The applications of the above additives during the ensil-
ing improve the fermentation quality, rapid pH, and NH3 
decline and enhanced lactic acid. Therefore, some species of 
Lactobacillus such as Lactobacillus plantarum, Pediococcus 
species, and Enterococcus species are commonly used as 
additives. The LAB can improve the level of acidification 
and fermentation quality by decreasing pH, NH3, dry matter, 
and protein degradation of different grass silages (Driehuis 
et al. 2001; Wrobel et al. 2008; Shah et al. 2017).

The objective of the present study was to find the effect 
of microbiological and chemical profiles of elephant grass 
inoculated with and without different wild strains of lactic 
acid bacteria.

Materials and methods

Experimental site

A field experiment was conducted at the Institute of Ensil-
ing and Processing of Grass, Nanjing Agricultural Univer-
sity, Weigang No. 1, Nanjing 210095, P. R China. Elephant 
grass was planted on 08 June 2016 in an experimental field 
(Humid subtropical climate, Latitude 32°01′59.81′N, Lon-
gitude 118°50′13.63″E, and Altitude of 17 m above mean 
sea level). Elephant grass was harvested at the mature stage 
on 01 December 2016.

Preparation of the experimental silages

Fresh elephant grass was chopped into 1–2 cm long pieces 
using a knife and chopped in a stationary machine (Sh-2000, 
Shanghai Donxe Industrial Co., Ltd., China) and ensiled in 
anaerobic polyethylene terephthalate bottles of 1 L capacity. 
Each silo contained 600 g of fresh elephant grass treated 
with the following five treatments before ensiling: Con-
trol (EKC), lactobacillus plantarum (MTD/1CB, Ecosyl 
Products Inc. USA commercial bacteria) (EKP), Lactoba-
cillus plantarum (EKA), Pediococcus acidilactici (EKB), 
and Pediococcus acidilactici (EKD) isolated from King 
grass. The number of bacteria of each strain was adjusted 
at 1 × 105 cfu/g. After treating and mixing, each treatment 
(three samples per treatment) was packed into polyethylene 
terephthalate bottles (silos), followed by sealing with a screw 
top and kept at the ambient temperature. The screw top was 
fitted with a synthetic fermentation trap filled with water 
to prevent the entry of the air. Each triplicate silo for each 
treatment was opened on days 3, 5, 7, 14, and 30.

Table 1   Chemical composition of elephant grass before ensiling

DM dry matter, FM fresh matter, Log Denary logarithm of the num-
bers of bacteria

Items Mean ± stand-
ard deviation

Dry matter (g/kg) 241 ± 0.56
pH 5.97 ± 0.05
Water-soluble carbohydrate (g/kg) 49.8 ± 1.05
Neutral detergent fiber (g/kg) 697 ± 0.25
Acid detergent fiber (g/kg) 475 ± 6.61
Lactic acid bacteria (log10 cfu/g) 5.20 ± 0.20
Aerobic bacteria (log10 cfu/g) 4.41 ± 0.05
yeast (log10 cfu/g) 2.15 ± 1.11

Fig. 1   The change of organic acid during ensiling process of Ele-
phant grass
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Collection of samples for fermentative quality 
and chemical composition

Silages samples were taken at 3, 5, 7, 14, and 30 days. 35 g 
silage subsamples were macerated with 70 ml of distilled 
water and stored in a refrigerator at 4 °C for 24 h. After 
24 h, the silage extract was filtered through double-layered 
cheesecloth and a filter paper (Xinhua Co., China) and pH of 
silage extract was recorded by pH meter (HANNA pH 211, 
Hanna Instruments Italia Sel, Italy). The filtered solution 
was stored at − 20 °C for further analysis of NH3–N and 
organic acid. 80 g silage subsamples were taken at the same 
days after silo opening of the plastic pouches and taken in 
the oven at 65 °C for 48 h. After 48 h, the silage subsamples 
were weighted for dry mater (DM). Dry mater was recorded 
and the silage samples were grinded by high-speed univer-
sal grinder (Hainai ship Hi-100C, HainaiYinjiang Litong-
trade company Lit., Zhejiang, China). The silage powder 
was used for the WSC, neutral detergent fiber (NDF), and 
acid detergent fiber (ADF). Dry matter content of fresh and 

treated silage subsample was determined by the method 
(International 2005), while NDF and ADF were determined 
by the method described by (Van Soest et al. 1991). Water-
soluble carbohydrates (WSC) were analyzed by a reaction 
with anthrone reagent (Arthur Thomas 1977). VFAs and LA 
were determined with gas chromatography (Shimadzu GC-
17A, Japan, with 12 m capillary column, condition: column 
temperature 130 °C, and injection temperature 220 °C) and 
contents of NH3–N were analyzed using the methodology of 
(Barker and Summerson 1941; Chaney and Marbach 1962).

Microbial population examination

20  g silage subsample with 180  ml sterilized water 
(NaCl8.5%) using a medium-speed shaker incubator (Crys-
tal, 1S-RDV1) for 2 h and, after 2 h, made a serial dilution in 

Fig. 2   The change of organic acid during ensiling process of Ele-
phant grass

Fig. 3   The change chemical compositions and fermentations charac-
teristics during ensiling process of Elephant grass
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sterilized water. Lactic acid bacteria were examined in Man 
Rogosa and Sharp (MRS) agar media, Yeasts were examined 
on Potato dextrose agar (PDA), and aerobic bacteria were 
examined on nutrient agar (NA) plates and were taken in 
an incubator at 37 °C for 3 days. After the microbial data 
examined, the data were transformed to log10 and obtained 
on a wet weight basis.

Statistical analysis

The experiment was conducted in a 5 × 5 factorial design 
(5 inoculants × 5 fermentation periods) using a randomized 
design with three replicates. The model includes the effects 
of inoculant (I), fermentation period (P), and the interac-
tion I × P. The data were analyzed using GLM procedure of 
(SPSS, version 12.0). Means of the significantly affected 
traits were separated by Duncan Multiple Range Test (Dun-
can 1955). P value less than 0.05 was considered to be sta-
tistically significant. The linear regression relationships 
between different inoculants and different fermentation peri-
ods were quantified using Microsoft Excel 2010 (Microsoft 
Corporation, Redmond, WA, USA).

Results

Chemical composition of elephant grass before ensiling and 
after ensiling is presented in Table 1 and Figs. 1, 2, and 3, 
respectively. The pH and acetic acid (AA) were significantly 
(P < 0.05) reduced and lactic acid, butyric acid (BA), and 
ethanol were significant (P < 0.05) at 3, 5, 7, and 14 days 
in treatment groups as compared to control. The DM was 
not significantly affected among the treatment and control 
groups at 3, 5, 7, and 14 days of ensiling period, but the 
value was numerically increased and decreased. Water-sol-
uble carbohydrate (WSC) and NH3–N concentration were 
not affected at days 3, 5, and 7, but significantly reduced at 
14 days in treatment groups as compared to control. Micro-
bial composition of elephant grass treated with lactic acid 
bacteria strains during ensiling is presented in Fig. 4. The 
microbial (LAB) counting of the elephant grass silage dur-
ing different ensiling days (3, 5, 7, and 14) was significantly 
(P < 0.05) increased in all treatments groups as compared 
to control. Aerobic bacteria and yeast were significantly 
deceased at 3, 5, 7, and 14 days in all treatments groups as 
compared to control. The regression analysis of pH, AA, 
PA, BA, DM, and WSC results was obtained from experi-
ment, there were highly positive relationships between fer-
mentation period and different inoculant effects, as shown 
in Figs. 5, 7, 8, 9, 10 and 13, and the relationships were 
expressed by a lozenge function during the fermentation 
periods. The R2 values ranged from 0.953 to 0.449, 0.999 
to 0.975, 0.547 to 0.728, 0.716 to 0.0499, 0.699 to 0.002, 

and 0.741 to 0.204 during the fermentation periods, respec-
tively. The NH3–N, AB, and yeast results were obtained 
from experiment, there were poorly positive relationships 
between fermentation period and different inoculant effects, 
as shown in Figs. 12, 15, and 16, and the relationships were 
expressed by a lozenge function during the fermentation 
periods. The R2 values ranged from 0.1638 to 0.416, 0.353 
to 0.863, and 0.244 to 0.693 during the fermentation peri-
ods, respectively. The LA, ethanol, and LAB results were 
obtained from experiment, there were not found relation-
ships between fermentation periods and different inoculant 
effects, as shown in Figs. 6, 11, and 14, and the relationships 
were expressed by a lozenge function during the fermen-
tation periods. The R2 values ranged from 0.978 to 0.895, 
0.584 to 0.641, and 0.825 to 0.914 during the fermentation 
periods, respectively. Chemical composition and fermenta-
tion characteristics of different LAB additives on 30 days of 

Fig. 4   Microbial population by late culture during ensiling process 
of Elephant grass
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elephant grass silage are described in Table 2. The DM, LA, 
BA, and ethanol were significantly (P < 0.05) increased and 
AA, WSC, NH3–N, and yeast were significantly (P < 0.05) 
decreased in all treatments groups as compared to control. 

Propionic acid (PA) neutral detergent fiber (NDF), acid 
detergent fiber (ADF), and aerobic bacteria (AB) were not 
affected among the treatment and control groups, but the 
values were numerically increased and decreased.

Fig. 5   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on pH. (EKC, adding 2  ml/kg steri-
lizing water), Lactobacillus plantarum (commercial bacteria) (EKP), 

Lactobacillus plantarum (EKA), Pediococcus acidilactici (EKB), and 
Pediococcus acidilactici (EKD)
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Discussion

The most important purpose of using LAB inoculants is to 
get a lactic acid kind fermentation that results in well pre-
served silage at the time of silage making. It is commonly 

believed that microbial inoculation of silage has help-
ful effects on fermentation by lowering pH and BA and 
enhancing the level of lactic acid (Nkosi et al. 2010). The 
pH of the silages after 90 days of ensiling was decreased 
to 4.6 which are measured for suitable silages with a DM 

Fig. 6   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on lactic acid (LA). (EKC, adding 
2 ml/kg sterilizing water), Lactobacillus plantarum (commercial bac-

teria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidilac-
tici (EKB), and Pediococcus acidilactici (EKD)
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content of 350 g/kg (Charmley et al. 2006). In the present 
study, the representative of pH is also 4.4 and LAB inocu-
lants improved the formation of LA and decreased pH as 
well as concentrations of BA and NH3–N compared to 

control. (Aksu et al. 2004) reported that the LAB improved 
LA concentrations and declined pH in maize silage. Low 
pH, low NH3–N concentration, low numbers of yeast, and 
mould indicated that silages with or without additives were 

Fig. 7   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on acetic acid (AA). (EKC, adding 
2 ml/kg sterilizing water), Lactobacillus plantarum (commercial bac-

teria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidilac-
tici (EKB), and Pediococcus acidilactici (EKD)
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preserved well. These results showed that anaerobic environ-
ment prevailed surrounded by the bales and confirmation for 
unwanted microbial movement was quite small. According 
to Keles et al. (2009), who reported that when baled silages 

are wrapped with a sufficient level of plastic stretch film, 
the anaerobic environment produced is sufficient to reduce 
undesirable microbial action; on that condition, the physical 
honesty of the plastic seal is maintained.

Fig. 8   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on propionic acid (PA). (EKC, adding 
2 ml/kg sterilizing water), Lactobacillus plantarum (commercial bac-

teria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidilac-
tici (EKB), and Pediococcus acidilactici (EKD)
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Water-soluble carbohydrates are regarded as impor-
tant substrates for the development of LAB for suitable 
fermentation (Ni et al. 2014). According to Desta et al. 
(2016), the concentration of WSC more than 30  g/kg 

DM in herbage is significant for successful fermentation. 
The WSC concentration in potato mix up before ensil-
ing was 78 g/kg DM, analytical of enough WSC for capa-
ble fermentation. The remaining WSC was lower in the 

Fig. 9   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on butyric acid (BA). (EKC, adding 
2 ml/kg sterilizing water), Lactobacillus plantarum (commercial bac-

teria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidilac-
tici (EKB), and Pediococcus acidilactici (EKD)
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inoculated silages compared to the control after 90 days 
of ensiling, and represented that WSC was better utilized 
by LAB in the inoculated silages (Desta et al. 2016; Gul-
fam et al. 2016). Ammonia N in silage reflects the level of 

protein degradation and generally proteolysis harmfully 
affects the use of N by ruminants (Wilkinson 2005; Wro-
bel et al. 2008). A good quality silages should be contain 
less than 100 g/kg NH3–N/TN (Aksu et al. 2004; Gulfam 

Fig. 10   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on dry mater (DM). (EKC, adding 
2 ml/kg sterilizing water), Lactobacillus plantarum (commercial bac-

teria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidilac-
tici (EKB), and Pediococcus acidilactici (EKD)
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et al. 2016), and the elephant grass silages had NH3–N/TN 
concentrations of less than 100 g/kg NH3–N/TN (Table 2). 
However, inoculating the elephant grass at ensiling with 
both Lactobacillus plantarum and Pediococcus acidilactici 

reduced the NH3–N/TN concentration compared to con-
trol, behind conclusion of many researchers (Nkosi et al. 
2010; Liu et  al. 2012; Guo et  al. 2014; Pholsen et  al. 
2016). These LAB inoculants had a helpful effect on pH 

Fig. 11   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on ethanol. (EKC, adding 2  ml/kg 
sterilizing water), Lactobacillus plantarum (commercial bacteria) 

(EKP), Lactobacillus plantarum (EKA), Pediococcus acidilactici 
(EKB), and Pediococcus acidilactici (EKD)
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lowering and resulting in a decreased NH3–N/TN forma-
tion in silage. Desta et al. (2016) and Shah et al. (2017) 
reported that a rapid decreasing pH is desirable to decrease 
the quantity of protein degradation in the silo. The present 

study also shows decreasing pH, AA, WSC and NH3–N/
TN concentrations in all treatment groups as compared to 
the control.

Fig. 12   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on NH3–N. (EKC, adding 2  ml/kg 
sterilizing water), Lactobacillus plantarum (commercial bacteria) 

(EKP), Lactobacillus plantarum (EKA), Pediococcus acidilactici 
(EKB), and Pediococcus acidilactici (EKD)
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The cell wall apparatus (NDF and ADF) of silages was 
not changed by the inculcation of LAB. This indicates 
that LAB both homofermentative and heterofermentative 
have no direct effects on these nutrients. Homofermen-
tative LAB and enzyme combination stabilizer did not 

also change the level of cell wall apparatus and WSC con-
centration of silages. This suggests that enzymes did not 
change the fiber degradation of high DM-baled triticale 
silage. Similar results (Meeske et al. 2002) and Desta et al. 
(2016) reported that homofermentative LAB and enzyme 

Fig. 13   Regression analysis between different inoculants (I) and 
different fermentation periods (P) on water-soluble carbohydrates 
(WSC). (EKC, adding 2 ml/kg sterilizing water), Lactobacillus plan-

tarum (commercial bacteria) (EKP), Lactobacillus plantarum (EKA), 
Pediococcus acidilactici (EKB), and Pediococcus acidilactici (EKD)
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combination had no effect on cell wall apparatus of baled 
barley and Napier grass silage with a DM of 298–328 g/kg.

Zhang et al. (2011) reported that high levels of etha-
nol accretion may well increase the fermentation qual-
ity of the Napier grass silage, because these results show 
that ethanol played an important role in inhibition of 

aerobic bacteria and yeast growth. The present study also 
improved the ethanol level at 30 days of ensiling.(Filya 
et al. 2007; Shah. 2017) found that increase microbial 
number increases LA, ethanol and decreased pH, AA, 
WSC, NH3–N, yeast, and aerobic bacteria in inoculated 
silage compared with the control. (Amanullah et al. 2014; 

Fig. 14   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on lactic acid bacteria (LAB). (EKC, 
adding 2 ml/kg sterilizing water), Lactobacillus plantarum (commer-

cial bacteria) (EKP), Lactobacillus plantarum (EKA), Pediococcus 
acidilactici (EKB), and Pediococcus acidilactici (EKD)
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Kim et al. 2015) reported that at some stage of ensiling, 
there was no significant (P < 0.05) variation in DM, CP, 
NDF, and ADF between treatment and control group. This 
result of our study granted with previously reported study, 
where King grass (Pennisetum purpureophoides) was 

treated with Epiphytic Lactic Acid Bacteria and Tannin of 
Acacia (Santoso et al. 2011). Throughout ensiling period, 
protein is degraded to peptides and free amino acid by 
plant proteases (Owens et al. 2002). In result, degradation 
of amino acids to ammonia and non-protein nitrogenous 

Fig. 15   Regression analysis between different inoculants (I) and dif-
ferent fermentation periods (P) on aerobic bacteria (AB). (EKC, add-
ing 2 ml/kg sterilizing water), Lactobacillus plantarum (commercial 

bacteria) (EKP), Lactobacillus plantarum (EKA), Pediococcus acidi-
lactici (EKB), and Pediococcus acidilactici (EKD)
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fraction is mostly due to proteolytic clostridia. The forma-
tion of AA is the sign of wasteful fermentation or of sec-
ondary fermentation of LA–BA and degradation of amino 
acid to NH3–N/TN by method of formation of AA from the 
carbon structure of the amino acid (Driehuis et al. 2001; 
Filya et al. 2007; Pholsen et al. 2016).

Conclusions

It is concluded that the inoculation of LAB improved the 
fermentative characteristics of elephant grass. Further 
studies should be conducted to evaluate the effects on farm 
scale and animal production performance.

Fig. 16   Regression analysis between different inoculants and differ-
ent fermentation periods on yeast. (EKC, adding 2 ml/kg sterilizing 
water), Lactobacillus plantarum (commercial bacteria) (EKP), Lac-

tobacillus plantarum (EKA), Pediococcus acidilactici (EKB), and 
Pediococcus acidilactici (EKD)
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