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Abstract
The objective of this study was to isolate the lactic acid bacteria from fermented silage sample and analyze their antibacterial 
activities, probiotic properties, and fermentation potential in silage. Eleven lactic acid bacteria (LAB) were selected based 
on distinct morphologies and preliminary studies. Cell-free supernatant (CFS) was then prepared from the selected strains 
for antibacterial analysis. L-30 strain and its CFS showed highest inhibition (> 10 mm) against tested foodborne pathogens 
as compared to other strains. Hereafter, the strain L-30 was named as KCC-30 and used for further studies. KCC-30 can 
survive in the harsh conditions of GIT such as low pH ( 2) and bile salt environment (oxgal) than standard L. plantarum 
KACC-91016 (pH 2: 27.2% vs 20.5%; oxgal: 72.3% vs 57.7%, both p < 0.05). In addition, KCC-30 exhibited strong auto-
aggregation (68.3% vs 51.5%) and co-aggregation (33% vs 23.9%) properties. For silage experiment, KCC-30 treatment 
did not alter the nutrient profiles of silage. At the same time, KCC-30 treatment increased the lactic acid content of silage 
as compared to untreated silage (5.55 DM% vs 3.11 DM%). An increase of lactic acid content in the silage is due to higher 
lactic acid bacteria population in KCC-30 treated silage (15.33 × 107 CFU/g vs 7.66 × 107 CFU/g) than untreated silage 
(p < 0.05). Overall data suggested that KCC-30 exhibited strong probiotic potential and improved the quality of Lolium 
multiflorum silage by increasing the lactic acid level. Therefore, KCC-30 could be considered as potential strain to improve 
the fermentation quality of L. multiflorum silage.
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Introduction

Probiotic research has been mainly focused on lactic acid 
bacteria over the past decade; most attention has been giving 
to the Lactobacillus species (Wasko et al. 2012). Notably, 
the lactic acid bacteria (LAB) have the potential food and 
pharmaceutical industry applications due to their widespread 
health benefits. For example, the amylolytic LAB strain is 
used for lactic acid production directly from starch and 
improves the nutritional characteristics of cereal sourdoughs 
(Wasko et al. 2011). LAB strains such as Lactobacillus plan-
tarum can survive in the diverse stress conditions such as 
bile salt environment, high temperatures, low pH, and oxy-
gen tension. These are important criteria for choosing good 
probiotic strains. Recently, advanced molecular biology 
and analytical techniques are being used for the selection of 
appropriate probiotic strain (Yadav and Shukla 2017).
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Recently, the practices of adding lactic acid bacteria to 
the fermentation process have been increased instead of 
chemical usage. Beneficial microbes and their secondary 
metabolites could be considered as alternates of toxic chemi-
cals in food fermentation (Altay et al. 2013). Among diverse 
bacterial strains that produce bacteriocins and organic acids, 
Lactobacillus plantarum is a suitable candidate for such pur-
pose because L. plantarum can produce antimicrobial agents 
such as hydrogen peroxide, organic acids, bacteriocins, dia-
cetyl, and antimicrobial peptides (Arena et al. 2016) which 
suppress growth of pathogenic microorganisms in the gut 
(Yadav et al. 2016b). Furthermore, it can co-aggregate with 
pathogens that prevent the colonization of pathogens in the 
gut (Yadav et al. 2016a).

Animal feeds show a demanding role in the global food 
industry to confirm the availability of quality animal pro-
teins for millions of people around the world. Most of the 
livestock animals consume crop-bedding material such as 
straw or wood shavings as feed ingredients (Bajagai et al. 
2016). On the other hand, animals consuming crop-bed-
ding material in the form of silage is an effective method 
to compensate feed demand. Silage inoculated with lactic 
acid bacteria had higher levels of dry-matter intake, feed 
efficiency, and weight gain compared with animals fed with 
untreated silage(Ali et al. 2017). Consumption of LAB as 
a probiotic supplement improves ruminal health by balanc-
ing its intestinal microbes. Similarly, the lactic acid bacteria 
L. buchneri as an inoculant alters fermentation patterns of 
maize silage leading to an increase in feed efficiency (Rabelo 
et al. 2018). The purpose of this study was to isolate and 
characterize potential bacterial strains from fermented silage 
(FS) and investigate their probiotic properties and fermenta-
tion potential in Lolium multiflorum silage for ruminant feed 
preparation.

Materials and methods

Sample collection and bacterial isolation

Fermented silage samples were collected from the National 
Institute of Animal Science, Cheonan, South Korea. One 
gram of sample was serially diluted (107) using sterile dis-
tilled water. Isolation of bacteria was processed as described 
previously (Ilavenil et al. 2015).

Cell‑free supernatant (CFS) preparation

The pure bacterial colony was inoculated into MRS broth 
and incubated at 37 °C for 24 h. After 24 h, the sample 
was centrifuged at 8000g for 10 min at 4 °C. Cell-free 
supernatant (CFS) was collected and filtered through a 

sterilized 0.22 µm filter (Millipore, USA) and the sterile 
CFS was stored at 4 °C for further study.

Details of purchased bacterial strains 
and antagonistic screening

Food-spoiling bacterial strains such as Escherichia coli, 
Enterococcus faecalis, Staphylococcus aureus, Pseu-
domonas aeruginosa, and the standard Lactobacillus 
plantarum 91016 were obtained from the Korean agricul-
tural culture collection (KACC). E. coli, S. aureus, and P. 
aeruginosa were cultured in tryptone soy broth (TSB) at 
37 °C for 20 h while bacterial strains of E. faecalis and 
L. plantarum were grown in brain heart infusion broth 
(BHI) and MRS broth, respectively, at 37 °C for 20 h. All 
strains were standardized to an optical density of 0.3 at 
wavelength of 600 nm except Lactobacillus plantarum 
91016. The optical density of Lactobacillus plantarum 
was adjusted to 1.0 at 600 nm. Antagonistic activity was 
examined by agar spot test and well diffusion method as 
described previously (Gaudana et al. 2010; Adeniyi et al. 
2015).

Scanning electron microscopy (SEM) and molecular 
identification using 16s rRNA sequencing

SEM was performed as described in our previous paper 
(Arasu et al. 2014b) to identify the shape of KCC-30. 
Gene sequencing of 16s rRNA was carried out at Solgent 
Co (Seoul. South Korea). Genomic DNA of the selected 
bacterial strain was purified using QIAquick® kit (Qiagen 
Ltd, Crawley, UK). Amplicons were sequenced using uni-
versal primers 27 F (5′ AGA GTT TGA TCG TGG CTC 
AG 3′) and 1492 R (3′ GCT TAC CTT GTT ACG ACT T 
5′). Aligned 16s rRNA sequence of KCC-30 was BLAST 
searched with non-redundant sequence database of NCBI 
GenBank. After BLAST search and species identification, 
the 16s rRNA sequences were trimmed using NCBI tools. 
The sequences were then submitted to NCBI according 
to their procedure and obtained the accession number 
KP091746.1.

Probiotic screening of KCC‑30

In this study, the probiotic parameters such as acid tol-
erance, bile salt tolerance, auto- and co-aggregation and 
cell surface hydrophobicity properties (Srigopalram et al. 
2017).
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Growth and fermentation potential of KCC‑30 
in Lolium multiflorum and Medicago sativa soup 
at different aerobic conditions

Soup preparation

Lolium multiflorum and Medicago sativa were collected at 
National Institute of Animal Science, South Korea and cut 
into small pieces of about 5–10 cm in length. These forage 
samples were then ground and sterilized using ethylene 
oxide. Each sterile forage powder sample (300 g) was then 
mixed with 1000 ml of sterile distilled water separately 
and kept in a shaker (150 rpm) at room temperature for 
24 h. Forage soups were then sequentially subjected to 
filtration through muslin cloth (15 layers), Whatman No. 
1 filter paper, 0.4 µM membrane filter, and 0.22 µM mem-
brane filter for sterilization. Sterile filtrate was then stored 
at 4 °C for further analysis.

Lactobacilli inoculation to forage soup and growth profile 
measurement

L. plantarum KCC-30 and KACC-91016 were inoculated 
in MRS broth at optimal conditions (37 °C) for 20 h and 
standardized to an optical density of 1.0 (600 nm). From 
this, 100 µl of each culture was inoculated into 250 ml 
conical flask containing different forage soups (50 ml) 
and incubated under different aerobic conditions (aero-
bic, microaerobic, and anaerobic) at 37 °C for 48 h. The 
growth of Lactobacilli was measured using Bio-Rad iMark 
microplate reader (USA). Then pH values of respective 
forage soups at different conditions were noted after 24 h 
of inoculation using an InoLab pH meter.

Estimation of organic acids

The production of organic acid (lactic acid and acetic acid) 
was estimated using HPLC equipped with a UV detec-
tor (HPLC auto sampler, Agilent 1100 Series. USA). The 
sample filtrate was prepared using Whatman no 0.6 and 
0.22 µM syringe filter. After that, the filtrate was injected 
to HPLC. Organic acids were separated on Zorbax XDB 
C-18 column (LC Column 250 × 4.6 mm. Agilent Tech-
nologies. USA) utilizing 0.005 M sulphuric acid (pH 2.4) 
under isocratic elution. Aliquots of 10 µl injection vol-
ume were chromatographically separated at flow rate of 
0.7 ml/min and column temperature of 45 °C. The total 
run time was 30 min and the wavelength used for organic 
acid detection was 210 nm (Arasu et al. 2014a).

Effect of KCC‑30 as inoculant on Lolium multiflorum 
silage quality enhancement and nutrient profile

Young Lolium multiflorum samples were collected at 
National Institute of Animal Science, South Korea. About 
250 g of Lolium multiflorum were weighed and cut into 
small pieces (5–10 cm in length). The experiment setup had 
two groups: non-inoculated and KCC-30 (1 × 106 CFU/g) 
inoculated group. The air inside the silage bag was sucked 
out and anaerobic condition was maintained. In the same 
way, triplicate samples were prepared and stored at room 
temperature for 45 days. Silage nutrient profile such as crude 
protein (CP), neutral detergent fiber (NDF), acid detergent 
fiber (ADF), and total digestible nutrient (TDN) was esti-
mated using standard protocols as described in our previous 
study (Srigopalram et al. 2017).

Silage microbial profile analyses

Ten grams of silage sample was soaked in 90 ml of sterile 
distilled water and placed in an orbital shaker (150 rpm) at 
37 °C for 90 min. Tenfold serial dilution was made using 
sterile distilled water. Serially diluted (107) silage sample 
of 100 µl was spread onto MRS agar media and incubated 
at 37 ± 1 °C for 48 h. For counting yeasts and molds, 3M 
petrifilm (3M Microbiology products, St. Paul, USA) was 
used. Potato dextrose agar (Difco) was used for fungal 
enumeration.

Statistical analysis

All numerical data of this experiment were obtained from 
triplicate analysis. All statistical analyses were carried out 
using SPSS software (SPSS-16 Inc, Chicago, IL, USA). 
One-way analysis of variance (ANOVA) was performed to 
analyze significant difference between samples. Student’s t 
test was used to determine treatment mean difference at 5% 
probability level. Results are presented as mean ± SD.

Results

Preliminary screening

Thirty bacterial strains were isolated from fermented silage 
using MRS agar media specific for lactic acid-producing 
bacterial growth. Based on distinct morphologies and 
preliminary studies, 11 strains and their CFSs were used 
for screening antagonistic activity against food-spoiling 
bacteria.
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Antibacterial activity of isolated bacteria

Agar spot method

In agar spot assay, most of these isolated bacterial strains 
and the standard KACC-91016 strain showed significant 
inhibitory activity (> 5 mm) against foodborne pathogens 
tested. Among these isolated strain, L30 showed a more 
intensive antagonistic pattern (> 14 mm inhibition) against 
E. faecalis, S. aureus, and P. aeruginosa than other iso-
lated strains. It exhibited the maximum inhibition against 
P. aeruginosa (17.74 mm). Furthermore, strain L30 over-
took the inhibition potential of standard L. plantarum 
KACC-91016 against all tested pathogens (Fig. 1).

Well diffusion assay and molecular identification of bacteria

The antagonistic activity of CFS of isolated strains was 
tested by well diffusion method. CFSs of L23, L30, and 
KACC-91016 exhibited the maximum inhibitory activity 
against S. aureus (11.3 mm), P. aeruginosa (16.3 mm), 
and E. faecalis (8.8 mm), respectively. However, L-30 
CFS maintained its higher inhibition pattern (> 10 mm) 
in zone size against all tested pathogens than other 
strains (Table 1). Based on antagonistic results, strain 
L30 selected for further study. Hereafter, it is called as 
KCC-30. SEM analysis (Supplementary Fig. 1) and gene 
sequencing of 16s rRNA of KCC-30 shared > 99% similar-
ities with Lactobacillus plantarum. Hence, we constructed 
a phylogenic tree to demonstrate the relationship of L. 
plantarum KCC-30 with other closely related L. plantarum 
using 16S rRNA gene sequences (Fig. 2).
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Fig. 1   Antibacterial activity of selected L. plantarum by agar spot 
assay. Antibacterial activity was determined by zone of inhibition 
(mm) around the bacterial spot. The zone of inhibition was expressed 
as mean ± SD of three replicates

Table 1   Antibacterial activity of CFS of Lactobacillus plantarum 
determined by well diffusion assay and expressed as size of inhibition 
zone around wells (mm)

a Mean values of inhibition zone of respective bacterial strains against 
tested pathogens in mm

Strains name E. colia E. faecalisa S. aureusa P. aeruginosaa

L16 4 4.3 4.9 4.2
L17 4.1 4.3 4.3 5.2
L19 7 8.3 6 5.3
L20 6.1 9.2 7.2 6.7
L22 5.3 10.6 9.4 12.3
L23 5.3 9.5 11.3 6.2
L24 8.3 8.2 9.7 7.9
L25 9.6 6.6 10.5 9.4
L26 6.8 12.5 7.5 9.3
L28 7.5 9.5 7.4 5.6
L30 10.3 12.5 14.4 16.3
KACC-91016 7.7 8.8 7.3 8.7

L.plantarumKLB410
L.plantarumKMMSU504
L.plantarumSW07
L.plantarumNBRC101978
Lpentosusb50
L.plantarumIMAU80185
L.plantarumCM2/5R
L.plantarumJL-1
L.plantarumLBMBAL3
L.plantarumKLB411
L.plantarumUSIM03
L.plantarumIMAU80184
L.plantarumLP1
L.plantarumHL-20
L.plantarumKF9
L.plantarumNM28-2
L.plantarumLac6
L.plantarumKLB401
L.plantarumSU2
L.plantarumIMAU:10217
L.plantarumJBE60
L.plantarumLac1

L.plantarumgp41
L.plantarumKLB416
L.plantarumZTC-2
L.plantarumIMAU:10223
L.plantarumBS404
L.plantarumgp38
L.plantarumIMAU:10277
L.plantarumKLB415
L.plantarumMNFS-7
L.plantarum316
L.plantarumgp45
L.plantarum033
L.plantarumKS6I1
L.plantarumc10
L.plantarumNWL16
L.plantarumCAU:225
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Fig. 2   Phylogenetic tree construction using neighbor-joining method 
based on 16S rRNA sequences of strain KCC-30 and other closely 
related Lactobacillus plantarum. Bullet indicates isolate of the pre-
sent study
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Probiotic properties of KCC‑30

Acid tolerance assay

Acid tolerance is considered as a significant feature for 
probiotic strain selection. Hence, we prepared MRS broth 
with various pH conditions (pH 2 to pH 5) and inoculated 
KCC-30. The results demonstrated that KCC-30 signifi-
cantly survived in the harsh pH condition (pH-2; 27%) than 
KACC-91016 (Fig. 3a). KCC-30 produced different types 
of industrially important enzymes. KCC-30 possesses more 
sensitivity against commonly used antibiotics (Supplemen-
tary Table 1 and Table 2).

Bile salt tolerance assay

KCC-30 tolerated bile salt environment than the KACC-
91016. Bile salt tolerance rate of KCC-30 and KACC-91016 
were 72.3% and 57.75%, respectively, in MRS broth supple-
mented with 0.3% oxgall. Also, KCC-30 showed significant 
survival ability in bile salt sodium deoxycholate-supple-
mented MRS broth (Fig. 3b).

Aggregation and hydrophobicity analysis

KCC-30 exhibited significant auto-aggregation proper-
ties. The percentage of auto- aggregation was increased in 
a time dependent manner. Percentages of auto-aggregation 
of KCC-30 at 1, 2, and 3 h were 26.69 ± 1.98, 46.30 ± 0.59, 
and 68.30 ± 1.74, respectively (Fig. 3c). Co-aggregation of 
KCC-30 showed significant increases with increasing incu-
bation time than KACC-91,016 (Fig. 3d). In addition, KCC-
30 showed significant adhesion properties to hydrocarbons 
such as chloroform and xylene than KACC-91016. KCC-30 
showed the maximum adhesion towards hydrocarbon xylene 
(Fig. 3e).

Fermentation potential of KCC‑30

Growth of KCC‑30 in Lolium multiflorum and Medicago 
sativa forage soup under different conditions

Medicago sativa and L. multiflorum forage soups were 
used to ferment with KCC-30 or KACC-91016 for 48 h 
under different conditions. As a result, KCC-30 achieved 
faster growth under anaerobic condition than aerobic 
conditions (Fig. 4a–c). In addition, KCC-30 overtook the 
growth rate of KACC-91016 in both forage soups. How-
ever, KCC-30 achieved faster growth in L. multiflorum 
soup than that in M. sativa forage soup under anaerobic 
condition (Fig. 4c). Furthermore, KCC-30 significantly 
decreased the pH of both forage soups under anaerobic 
condition than KACC-91016 (Fig. 5a–c). The maximum *
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Fig. 3   Stress tolerance and adhesion properties of KCC-30. a Acid 
tolerance analysis; b bile tolerance analysis; c auto-aggregation analy-
sis; d co-aggregation analysis; e hydrophobicity of Lactobacillus 
plantarum (KCC-30 and KACC-91016). *Statistical significance at 
p < 0.05
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pH reduction was noted in KCC-30-inoculated L. multi-
florum soup under anaerobic condition (Fig. 5c).

KCC-30 showed predominant growth under all condi-
tions tested. However, the maximum growth rate of KCC-
30 was exhibited under an anaerobic condition. Hence, 
we estimated the organic acid content of anaerobic forage 
soups. KCC-30 achieved higher lactic acid production in 
L. multiflorum soup (106.7 µg/ml; Fig. 6a) than that in 
M. sativa soup (56.07 µg/ml; Fig. 6b). At the same time, 
KCC-30 produced low amounts of acetic acid and suc-
cinic acid in both soups.

Application of KCC‑30 as inoculant for improving L. 
multiflorum silage quality

Based on anaerobic fermentation characteristics of KCC-30 
in L. multiflorum soup, L. multiflorum silage was prepared 
using KCC-30. L. multiflorum forage was supplemented 
with KCC-30 and then kept under anaerobic condition. The 
silage quality was examined after 45 days. Silage nutrient 
profiles such as CP, ADF, NDF, and TDN levels were not 
altered by the addition of KCC-30 as compared to those 
of the non-inoculated control group (Table 2).It indicates 
that addition of KCC-30 did not alter the native form of 
plant nutrient profiles. KCC-30-inoculated group showed 
the significant increase in LAB population as compared 
to non-inoculated control group (Table 3). Furthermore, 
no yeast or mold growth was noted in KCC-30-inoculated 
group whereas the non-inoculated control group showed 
significant yeast growth (23.66 × 103 CFU/g). Subsequently, 
KCC-30-inoculated group resulted in significant increase 
in lactic acid production compared to the non-inoculated 
control group. In addition, the non-inoculated silage control 
group showed the highest butyric acid production while the 
KCC-30-inoculated group showed almost no butyric acid 
production (Table 4).

Discussion

L. Plantarum is a well-known beneficial microbe for its 
involvement in fermentation and preservation of food prod-
ucts by organic acid production (Haghshenas et al. 2015). 
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Table 2   Nutritive value of Lolium multiflorum silage according to 
inoculation of lactic acid bacteria

LP Lactobacillus plantarum, CP crude protein, ADF acid detergent 
fiber, NDF neutral detergent fiber, TDN total digestible nutrient

Treatment CP (%) ADF (%) NDF (%) TDN (%)

Non-inoculated 9.61 33.29 52.28 62.60
LP KCC-30-inoculated 9.22 30.82 49.71 65.52

Table 3   Changes of microbes on Lolium multiflorum silage according 
to inoculation of lactic acid bacteria

LP Lactobacillus plantarum, CFU colony forming unit
a,b Values with different letters within a column are significantly dif-
ferent at 5% level

Treatment LAB 
(× 107 CFU/g)

Yeast 
(× 103 CFU/g)

Fungi 
(× 103 CFU/g)

Non-inoculated 7.66b 23.66 0
LP KCC-30-inocu-

lated
15.33a 0 0
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Consequently, L. Plantarum strains have contributed to the 
improvement of dairy products, sausage, fish, fermented 
vegetables, as well as silage to improve the flavor, texture, 
and nutritional value of food products (Giraffa et al. 2010). 
Hence, we need to identify the new wild-type L. plantarum 
strains from a natural source is increased in recent decades 
(Hursting and Dunlap 2012). Based on the present study, 30 
lactic acid bacterial strains were isolated from FS sample. 
Among these, 11 strains were selected based on their distinct 
morphologies to test their antagonistic potential against food 
spoiling bacteria. Of these 11 strains, KCC-30 demonstrated 
remarkable antagonistic activity against food-spoiling bac-
teria. It could strengthen the usage of L. plantarum KCC-30 
as perseverant in food material against bacterial spoilage 
through extracellular bacteriocins production (Yadav and 
Shukla 2017).

Interaction of lactic acid bacteria with the pathogen is 
considered an important criterion to delay or control path-
ogenic growth because pathogen like S. aureus conveys 
pathogenesis through colonization of the infection site 
(Yadav et al. 2016a). Pathogenic growth control by KCC-
30 seems reasonable to confirm that the contact between 
KCC-30 and the tested pathogen is good during antimicro-
bial activities. Fermented food that contains lactic acid bac-
teria, mainly L. plantarum, could protect the host against 
pathogenic microbes by ingestion, stimulate the metabolism, 
and increase vitamin production in the intestine (Al Kassaa 
et al. 2014). CFS of bacterial origin may include diverse 
molecules that are useful for screening antagonistic poten-
tial against pathogenic microbes (Wang et al. 2014). In the 
present study, CFSs of KCC-30 and KACC-91016 showed 
potent inhibition against four pathogens tested in agar well 
diffusion assay. However, KCC-30 showed stronger inhibi-
tion than the standard L. plantarum KACC-91016. Growth 
inhibition of pathogens by lactic acid bacteria demonstrates 
the production of antimicrobial compounds and its synergis-
tic effect against undesirable bacterial growth (Zhang et al. 
2016). Similarly, our findings revealed the involvement of 
extracellular secretion in the antagonistic potential of KCC-
30 against tested pathogens.

Tolerance of lactic acid bacteria at high concentrations 
of bile salts and low pH is an important prerequisite for 
probiotic screening. Stress-tolerant lactic acid bacteria can 
afford beneficial properties to the host (Valan Arasu et al. 

2015). The survival rate of Lactobacilli in low-pH condition 
mainly depends on the activity of the enzyme. Furthermore, 
constant gradient extracellular and cytoplasmic pH plays a 
significant role in acid tolerance of Lactobacilli. Sugars like 
glucose play significant role in increasing intracellular pH 
of Lactobacilli, thereby enhancing the survival of lactic acid 
bacteria at low extracellular pH harsh condition (Park and 
Lim 2015). Similarly, KCC-30 showed significantly survival 
in the acidic environment (pH 2 and pH 3) than KACC-
91016, in agreement with the notion that acid tolerance of 
lactic acid bacteria depends on outer membrane potential to 
survive under stress conditions (Yadav et al. 2016a). KCC-
30 exhibited positive Bsh activity. It suggests that bile salt 
resisting genes might be expressed in KCC-30. These genes 
conserve cell wall and cell membrane integrity of L. plan-
tarum against high-bile salt environment (Alcantara and 
Zuniga 2012). Bsh-positive nature of bacterial strain is an 
important probiotic feature since it can remove cholesterol. 
Bile salt-tolerant strains can deconjugate the bile salts, thus 
providing defense against the host immune system (Yadav 
et al. 2016b). Subsequently, it changes the hydrophobicity 
and fluidity of the bacterial outer membrane (Ilavenil et al. 
2016). Our results revealed that KCC-30 could be consid-
ered as a tolerant strain under harsh GIT conditions.

Adhesion is an important property of probiotic strains. 
It helps the probiotic strains to interact with membranes of 
other microorganisms (Nejati et al. 2016). Additionally, high 
surface hydrophobicity and aggregation are needed for colo-
nization of probiotics in the intestinal tract. In this study, 
KCC-30 strain showed stronger adhesion to hydrocarbons 
chloroform and xylene than KACC-91016. Particularly, 
KCC-30 strain exhibited more adhesion towards hydrocar-
bon xylene. Auto-aggregation can also prevent pathogenic 
bacteria from forming biofilm so that pathogenic bacteria 
could be removed from the GI tract. KCC-30 demonstrated 
substantial auto-aggregation property. In addition, its rate 
of auto-aggregation was increased with increasing time (Ng 
et al. 2015). Co-aggregation of beneficial bacterial strain 
with pathogen can remove pathogen by producing antimi-
crobial substances. Furthermore, co-aggregation with the 
pathogens could prevent colonization of pathogen in the gut 
(Ilavenil et al. 2016). The co-aggregation property of KCC-
30 suggests that it might have the potential to interact with 
pathogens.

Table 4   pH changes in 
experimental Lolium 
multiflorum silages according 
to inoculation of lactic acid 
bacteria

LP Lactobacillus plantarum, DM dry matter
a,b Values with different letters within a column are significantly different at 5% level

Treatment pH Lactic acid 
(DM%)

Acetic acid 
(DM%)

Butyric acid 
(DM%)

Flieg’s score

Non-inoculated 4.82a 3.11a 0.33 0.97a 58
LP KCC-30-inoculated 3.69b 5.55b 0.39 0.09b 100
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Although bacterial-CFS contains various antagonis-
tic components, organic acids (mainly lactic acid) are its 
potential antimicrobial components (Park and Lim 2015). 
Generally, lactic acid bacterial strains produce higher 
amount of lactic acid than acetic acid. The amount of 
organic acid produced by LAB strain directly decides its 
fermentation quality (Chen et al. 2017). Similarly, in this 
study, KCC-30 fermented L. multiflorum forage soup under 
anaerobic condition better than that under aerobic condi-
tions. Subsequently, HPLC analysis revealed that KCC-
30 produced high level of lactic acid with less amount of 
acetic acid in the anaerobically fermented L. multiflorum 
forage soups. These results suggested that organic acid 
increases, mainly lactic acid, could be the reason for the 
strong antagonistic activity of KCC-30.

As described above, KCC-30 showed significant fer-
mentation property of L. multiflorum soup that initiated us 
to analyze the effect of KCC-30 on L. multiflorum silage 
quality enhancement by its fermentation. Ensilation is 
the best preservation method for preserving forage crops 
for ruminant animals. Silage nutrient profile and quality 
mainly depend on the technological factor used (Sucu et al. 
2016). Chemical additives in silage can enhance aerobic 
spoilage without producing enough volatile fatty acids 
(Filya 2003b). However using L. plantarum as additives 
has various advantages, such as easy to use, eco-friendly, 
and non-corrosive to farm equipment (Filya 2003a). Nutri-
ent profiles in the experimental silage such as CP, ADF, 
NDF, and TDN levels were not significantly altered. It 
indicates the addition of KCC-30 could not affect the 
native form of nutrients in the plant. These results are con-
sistent with the previous report (Zanine et al. 2016), show-
ing that improved fermentation does not affect chemical 
compositions or reduce the nutritional value of the silage.

KCC-30 significantly lowers the pH of the silage than 
the non-inoculated control group. These findings are con-
sistent with our previous report (Srigopalram et al. 2017) 
that greater lactic acid bacteria growth can result in high 
lactic acid production and facilitate rapid silage fermenta-
tion. Furthermore, there was no butyric acid production 
in KCC-30 inoculated group, confirming the decrease in 
NH3-N formation (Cezário et al. 2015). Since microbial 
activities inhibit NH3-N, proteolysis of amino acids by 
Clostridia can also deactivate lactic acid bacteria (Fer-
reira et al. 2013). Both experimental silages showed lower 
acetic acid production. However, the non-inoculated group 
showed significantly higher amount of butyric acid produc-
tion than KCC-30 inoculated group. Butyric acid produc-
tion can lead to undesirable fermentation characteristics of 
silage. Undesirable fermentation affects the acceptability 
of silage by ruminants because of decreased palatability 
(Tabacco et al. 2009). However, KCC-30-inoculated silage 

group showed almost no butyric acid production, thus 
favoring desirable fermentation characteristics.

Conclusion

Our finding indicates that L. plantarum KCC-30 isolated 
from fermented silage sample possesses favorable anti-path-
ogenic activity, desirable tolerance to harsh GIT environ-
ment and acceptable probiotic skills. The requirement of 
quality animal proteins is escalating rapidly for millions of 
people around the world. Hence, increasing the feed intake 
of the ruminant is of primary need. In this study, L. plan-
tarum KCC-30 improved silage fermentation with good 
smell without altering nutrient profiles in the L. multiflo-
rum forage via increasing lactic acid and reducing acetic and 
butyric acid level. Hence, this strain could be considered as 
a better inoculant for quality silage preparation.
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