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Abstract: In the current study, Lactobacillus rhamnosus (KCC-51) and Lactobacillus paracasei (KCC-52)
were isolated and investigated for their biological potential including antibacterial activity, probiotic
potential, nutritional changes, fermentation ability, and microbial population in experimental silages at
high moisture (HM) and low moisture (LM) conditions. These strains showed significant antibacterial
activity and probiotic activities. There are no significant changes in the dry matter content (DM) and
nutritional profiles of control, KCC-51, and KCC-52 treated silages. High lactic acid (LA) and low
butyric acid (BA) levels were noted in the HM (LA: 4.82 ± 0.34 and 5.5 ± 0.03, BA: 0.01 ± 0.01 and
0.008 ± 0.001, %DM) and LM (LA: 2.27 ± 0.32 and 2.61 ± 0.2, BA: 0.017 ± 0.001 vs. 0.006 ± 0.05, %DM)
silages treated with KCC-51 and KCC-52 respectively, compared to non-inoculated silages. KCC-51
and KCC-52 treatment increased acceptable range of acetic acid (AA) in HM (0.33 ± 0.02 and 0.24 ±
0.007, %DM) and LM (0.22 ± 0.007 and 0.35 ± 0.02, %DM) silages compared to non-inoculated silages
(0.22 ± 0.03 and 0.17 ± 0.05, %DM). Rich LAB and low yeast counts were noted in the silages treated
with KCC-51 and KCC-52, it indicated that the addition of these inoculants strongly dominated the
enterobacterial growth and preserved the silage quality with essential metabolites. It suggests that
L. rhamnosus and the L. paracasei could be used as potent inoculants for the silage production with
enriched nutrients.
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1. Introduction

Ensiling is an essential process which is used to preserve the plant raw material plant material
by spontaneous lactic acid production under controlled fermentation process with an anaerobic
condition which has been used in the preservation of forages for many decades [1]. This method has
gained great attention worldwide to deliver consistent and predictable feed supply to the ruminants.
Loss of nutrients by aerobic oxidation of plants, undesirable microbial dynamics in plants, proteolytic
activity, and unwanted fermentation by clostridia, amino acid deamination, and decarboxylation
could negatively affect the conservation of forages which elevates energy and nutrient losses and
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accumulates anti-nutritional compounds in forage samples [2,3]. Grass and legumes intended for
silages which have different types of aerobic and anaerobic microbial dynamics on their surface are
called epiphytic microflora. It has been varied based on the types of raw materials [4]. The abundance
of microflora in the plant parts consist of different types of lactic acid bacteria (LAB) and other microbial
diversity as the point of the silage fermentation and their quality. The LAB in the forages can utilize
the plant water-soluble carbohydrates and convert into lactic acid [5] with less level of acetic acid
which enhances the acidification of silages and control or inhibits the growth of undesirable microbes
including yeast and molds and it allows for long time storage. The relative abundance of LAB in
the native plants when ensiled is not enough to initiate the favorable fermentation products, mainly
lactic acid level; a major acid has been produced in the silages by LAB [6]. Ben Dov et al. reported
that the LAB in the plants is often heterofermentative and low in number [7]. It increases the ration
of lactic acid into other metabolites such as acetic acid, and ethanol, but homo-fermentative bacteria
could not have the ability to convert lactic acid into other products, it sustained high level of the
lactic acid level in silages, an indicator of quality silages. Production of high-quality silages with
strong digestibility requires induction of the fermentation in ensiled silages by addition of different
types of additives, particularly LAB, has got great attention to use as additives due to its efficient
production of lactic acid without any harmful effects to ruminants. The expected changes in silage
production when ensiled with LAB increases in the ratio of lactic acid with marginal amounts of acetic
acid, reduction in proteolysis and increased dry matter recovery [4]. Dominant species involved in the
fermentation process of silage are Lactobacillus, Pedioccous, and Lactococcus, the genus of lactobacillus
such as L. plantarum, L. brevis, L. casei, L. rhamanosus, L. curvatus, L. gasseri, L. pentosus, and the
genus of pedococcus including P. pentosaceus, P. acidilactici, P. damnosus, P. confusa were noted in the
silage samples [1,8,9]. L. casei, L. paracasei, and L. rhamnosus are phylogenetically and phenotypically
closely related [10,11]. These species have the ability to colonize a variety fermented food products
representing dominant component of non-starter LAB in ripened cheeses and traditional fermented
milk products [12–15] such as fermented vegetables [16] and kimchi [17]. In addition, these strains
have been used as starter culture in milk fermentation as adjunct cultures for intensification and
proven their probiotics features [18,19]. Additionally, L. paracasei and L. rhamnosus could be considered
as excellent additives for plant based silage production with enriched nutrients for ruminant and
non-ruminants [20–23].

Triticale is a breed plant between wheat (Triticum) and rye (Secale). It has rich crude protein
content and high resistance against many diseases and other environmental factors (Natasa et al.,
2018). Triticale has been used as a primary meal for the poultry, ruminants and non-ruminants due
to its nutritional values [24]. Replacement of corn silage with triticale and wheat at 10% of the diet
dry matter (DM) did not affect DM intake, but decreased milk yield and its components compared to
corn silage. At the same time, milk fat from alternative forage diet had a higher level of 4:0, 6:0, and
18:0 and the lower concentration of total trans-fatty acids. Digestibility of neutral and acid detergent
fiber was increased in triticale silage diet. Emission of methane was higher for triticale and CO2 was
reduced by both triticale and wheat silages, concluded that triticale or wheat double cropped with
corn many be providing significant cropping strategy [25]. Triticale is one of the available options
for swath grazing to extend the fall grazing and produce as silage or hay for beef cattle producers in
Canada [26]. Ensiling of pre-mature cereal of barley, wheat, triticale, and rye with LAB could serve as
alternative forages [27]. Triticale has an excellent impact on higher meat production as well as gives
good responses for dairy and sheep milk production in Algeria [28]. Few reports have been available
on the improvement of nutritional values of triticale silages using LAB; recently many researchers
have been focused on silage production using triticale plant and LAB due to its crude proteins and
positive fermentative capabilities, respectively. Thus, the production of high-quality silage from early
heading and heading stages of triticale is a good source due to its rich crude proteins. The use of LAB
as an inoculum has been proposed as effective strategies to improve feed palatability and be stored
for prolonged periods. In the current study, we isolated effective Lactobacillus strains (Lactobacillus



Appl. Sci. 2020, 10, 7855 3 of 13

rhamnosus and Lactobacillus paracasei) and demonstrated its potential effects on fermentation of triticale
at different moistures. Furthermore, probiotic potential was also studied.

2. Materials and Methods

2.1. Isolation and Characterization of Lactic Acid Bacteria

Triticale sample was collected at different places of the same land from Jangsoo, Korea (Latitude:
35.6185318 and longitude: 127.5107881) in 2018 and transferred aseptically to the laboratory for
isolation of effective LAB stains by tenfold serial dilution with sterile distilled water. Man Rogosa
and Sharpe agar medium (MRS agar) were used to isolate LAB colonies, and identity was confirmed
in Bromo cresol purple agar medium (BCP agar). Further, 16srRNA sequences and NCBI blast
tools were used to determine the species of LAB at the genomic level. Antibiotic sensitivity [29,30],
carbohydrates fermentation test, and extracellular enzymes secretion were confirmed by API-CH50
and API-ZYM kits, Marcy-I’Etoile, France, respectively. Antibacterial activity of LAB extracellular
metabolites (well diffusion, time-killing assay against E. faecalis, E. coli, P. aeruginosa, and S. aureus) and
probiotic characterizations (survival rates in gastric, duodenal and Intestinal Juices, Hydrophobicity,
auto-aggregation and Co-aggregation) of strains also studied according to previously published
research [29]. All LAB colonies were maintained in MRS agar plats and 20% glycerol solution for short
and long-term storage, respectively.

2.2. Bacterial Cultivation and Enumeration

Lactobacillus species were inoculated in MRS broth (CONDA, Madrid, Spain) and incubated at 32
◦C for 24 h. One mL culture was taken and centrifuged at 4000× g for 10 min, and the supernatant
was discarded. Pellet was washed thrice with phosphate-buffered saline (PBS, pH 7.4). The bacterial
colonies were counted with the help of QUANTOMTM viable cell staining method (Logos biosystem,
Gyeonggi-do, Korea). In brief, the pellets were diluted in QUANTOMTM viable cell dilution buffer.
10 µL diluted bacterial culture mixed with 2 µL QUANTOMTM viable cell staining dye and then
incubated at 37 ◦C for 30 min in the dark place. Further, 8 µL QUANTOMTM cell loading buffer and
mix gently without create bubbles. After that, 6 µL of the sample was loaded onto a QUANTOMTM

M50 cell counting slide and centrifuged at 300× g for 10 min in QUANTOMTM centrifuge. The bacterial
colonies were counted with a QUANTOMTM with the light intensity level set to 9 for most bacterial
cells. Harvesting bacteria for silage production, culture was centrifuged and washed with PBS and
then diluted in sterile distilled water (final concentration, 1 × 104/mL).

2.3. Triticale Silage Production with an Ensiled Method

We harvested Joseong cultivar triticale at the heading stage from Jangsoo, Chunbuk (Latitude:
35.6185318 and longitude: 127.5107881), Korea in the 2019 and allowed to wilt in the filed for 8–10 h
for high moisture and 24–36 h for low moisture silage productions. 300 g of triticale from each stage
was chopped to a theoretical cut of 1.5–2.5 with forage cutter. Samples were packed in a silage bag
size 28 × 36 cm (Aostar Co., Ltd., Seoul, Korea). Experiments were randomly divided into three
groups from each moisture (Higher and low) contain five replicates. The experimental groups were
group-I control (Non-Inoculated, 3 mL water only), Group-II samples inoculated with L. rhamnosus
× 104 CFU/mL (1 mL inoculum and 2 mL water); Group-III samples inoculated with L. paracasei ×
104 CFU/mL (1 mL inoculum and 2 mL water). The air was evacuated from all bags by a vacuum sealer
(Food saver V48802, MK Corporation, Seoul, Korea). A total of 30 bags were prepared and stored at
laboratory conditions for 180 days. After opening at day 180, the pH and nutrient profiles such as CP,
ADF (AOAC, 2000), NDF (Van Soest et al., 1991), and TDN (TDN = 89.9 − (ADF * 0.79)) contents of
silage were determined.
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2.4. Quantification of Fermentative Metabolites and Microbial Enumeration in Ensiled Silages

Ten grams of each silage sample was mixed in 90 mL sterile water in a lab blender for 3 min.
The extract was filtered through double layers of sterilized cheesecloth and divided into three portions.
Portion–I—The pH of the samples was measured with a calibrated pH meter (lab pH meter, Thomas
Scientific, Swedesboro, NJ, USA). Portion–II was used to the quantification of fermentative metabolites
such lactic acid, acetic acid, and butyric acid by High performance Liquid Chromatography system [30]
(HP1100 Agilent Co., Santa Clara, CA, USA). Portion–III used of enumeration of total bacteria, LAB,
molds, and yeast. Tenfold serial dilution of water extracts was done in sterile distilled water. A hundred
microliters of each sample were poured onto MRS agar for lactic acid bacteria; onto nutrient agar for total
bacteria and 1 mL onto petriflim for yeast and molds counts enumeration (3M Microbiology Products,
USA) and incubated at 30 ± 2 ◦C (48 h for LAB and 72–120 h for yeast and mold). QUANTOMTM live-
cell staining kit was used to enumerate the total bacteria in the samples, as discussed earlier.

2.5. Statistical Analysis

The experiment was a randomized design with two treatments and five replicates per treatment.
Significant differences between control and experimental samples were analyzed with SPSS16 software
using analysis of variance (one-way ANOVA, multivariate analysis, included post hoc, Duncan and
descriptive analysis parameters), followed by the least significance difference test. p-value of less than
0.05 was considered as statistically significant.

3. Results

3.1. Biochemical Characterization

The potent Lactobacillus strains were isolated and selected based on its antimicrobial activity, from
triticale forage samples and characterized its physicochemical properties which reflect, these strains are
gram-positive, rod-shaped, and catalase-negative with non-motile characteristic. 16srRNA sequences
and NCBI analysis output revealed that these lactobacillus strains belonged to Lactobacillus rhamnosus
and Lactobacillus paracasei which were labelled as L. rhamnosus KCC-51 and L. paracasei KCC-52
(Supplementary Table S1). The sequences of these strains were deposited into NCBI database
(GenBank Accession Numbers MW015793 and MW015794). KCC-51 and KCC-52 fermented different
carbohydrate substrates at various levels (Supplementary Table S2). We noted these strains secreted
various enzymes which have many applications in food and leather industries (Supplementary
Table S3). An antibiotic sensitivity test is essential for the selection of potent probiotic strains; the data
suggest that both strains had strong sensitivity against almost all the tested antibiotics (Supplementary
Table S4).

3.2. Antibacterial Activity

Then, we investigated the effect of extracellular supernatant (ECS) of KCC-51 and KCC-52 on
the viability of pathogenic bacteria by well-diffusion and time-dependent killing assay methods.
ECS of both strains exhibited significant antibacterial activity against E. faecalis, E. coli, P. aeruginosa,
and S. aureus. CFS of KCC-51 showed maximum inhibitory zone against E. coli and the very less
inhibitory zone was noted against aureus, P. aeruginosa, and S. aureus. However, KCC-52 exhibited
strong inhibitory zone against. S. aureus, E. coli, P. aeruginosa and, to a lesser extent, S. aureus (Table 1).
Next, we determined antibacterial activity of lyophilized CFS of KCC-51 and KCC-52 in a concentration
and time-based inhibition of pathogenic bacterial growths. The pathogenic bacteria treated with
different concentrations of lyophilized CFS of both strains and incubated for 48 h. Time-dependent
analysis showed that the CFS treatment at the different concentrations (1.25–20 mg/mL) inhibited the
growth of pathogenic bacterial. All bacterial growth was reduced when increased concentration of
CFS of KCC-51 (Figure 1) and KCC-52 (Figure 2).
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Table 1. Antibacterial activity of extracellular supernatant (ECS) of KCC-51 and KCC-52 against various
pathogens by well diffusion method.

Pathogenic Bacteria
Zone of Inhibition (mm)

L. rhamnosus KCC-51 L. paracasei KCC-52

E. faecalis 6.30 ± 1.1 26.6 ± 1.5
E. coli 22.3 ± 3.0 28.6 ± 3.2

P. aeruginosa 5.60 ± 0.5 19.6 ± 1.5
S. aureus 5.30 ± 1.2 12.0 ± 2.0

50 µL of ECS was loaded onto well after pathogen spreading in nutrient agar medium; mm—millimeter.
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Figure 1. Antibacterial activity of lyophilized ECS of KCC-51 at the different concentrations and time
incubation. Data are expressed as the mean ± S. E.M. of five replicates. The analysis was performed
with three technical replicates from each sample. T1—20 mg/mL, T2—10 mg/mL, T3—5 mg/mL,
T4—2.5 mg/mL, and T5—1.25 mg/mL of lyophilized ECS.
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Figure 2. Antibacterial activities of lyophilized ECS of KCC-52 at the different concentrations and
incubation periods. Data are expressed as the mean ± S. E.M. of five replicates. The analysis
was performed with three technical replicates from each sample. T1—20 mg/mL, T2—10 mg/mL,
T3—5 mg/mL, T4—2.5 mg/mL and T5—1.25 mg/mL of lyophilized ECS.
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3.3. Probiotic Characterization

Since KCC-51 and KCC-52 showed good antibacterial activity, we determined its probiotic
potential, which included survival ability in the gastrointestinal tract (GIT) conditions, hydrophobicity,
and aggregation properties. Here, we used simulated GIT juices (Gastrointestinal, Duodenal and
intestinal juices) to determine the survival capability of both strains in GIT condition, an essential
criterion for the selection of best probiotic strain, data suggested that both strains could have significant
survival rates in harsh conditions of GIT after 3h incubation (Figure 3a). The hydrophobicity of
these strains in apolar solvent xylene and polar acidic solvent chloroform was determined. KCC-51
(52.5% vs. 63.4%) showed a comparatively higher affinity with xylene compared to KCC-52 (45.4%
vs. 53.9%) at all incubation periods (30 min vs. 60 min). The affinity of strains with hydrocarbons
was increased when prolonged incubation. KCC-51 and KCC-52 had a higher affinity with xylene
compared to chloroform (Figure 3b). Auto-aggregation of both strains was studied on the basis of
their sedimentation characteristics and clear solution development (Figure 3c). These strains had
a higher auto-aggregation property (>70%) at 90 min incubation. However, KCC-51 (45.4 ± 2.6 vs.
58.4 ± 5.9 vs. 80.5 ± 0.8%) showed higher auto-aggregation capability from beginning to end of the
incubation periods (30, 60, and 90 min) compared to KCC-52 (38.1 ± 5.8 vs. 49.8 ± 3 vs. 71.9 ± 2.5%).
The co-aggregation study indicated that both strains had similar co-aggregation capacity with E. coli in
a time-dependent manner (Figure 3d).
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Figure 3. Probiotic features of KCC-51 and KCC-52. (a) Survival ability in simulated gastric juice
(GJ), duodenal juice (DJ) and intestinal juice (IJ); (b) hydrophobicity property of KCC-51 and KCC-52
in xylene and chloroform; (c) auto-aggregation of strains; (d) co-aggregation of ability of KCC-51
and KCC-52 with E. coli. Data are expressed as the mean ± S. E.M. of three replicates. Analysis was
performed with three technical replicates from each sample.

3.4. Effects of Inoculants KCC-51 and KCC-52 on Microbial Community Dynamics, Nutrient and Fermentative
Metabolites Profiles in Triticale Silage at High and Low Moistures

3.4.1. Nutrient Compositions and pH of the Silages

At day 180 we determined nutrient profiles and silages pH in non-inoculated and inoculated
silages, the results indicated that the addition of inoculants did not affect the dry matter (DM) and
nutrient contents (CP, ADF, NDF, and TDN) of triticale silages (Table 2). Non-inoculated silages of
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both high (pH 6.12) and low moistures (pH 5.85) had higher pH level which reflects the indigenous
LAB in the plant is not sufficient to reduce pH of the silages suggested that native LAB in the plant
could not have the ability to enhance the fermentation when ensiled condition. However, the addition
of inoculants KCC-51 and KCC-52 (High moisture: pH 4.29 vs. 4.18 and low moisture: pH 4.62 vs.
4.71) lowered pH of the high and low moistures silages of triticale compared to non-inoculated silages
(pH 6.12 vs. 5.85; p < 0.05).

Table 2. Nutritional contents (%) and fermentative characteristics (%DM) of low and high moistures
silages of triticale in non-inoculated and inoculated (KCC-51 and KCC-52) silages of triticale at high
and low moistures.

Items High Moisture Low Moisture

Control KCC-51 KCC-52 Control KCC-51 KCC-52

pH 6.14 ± 0.03 a 4.29 ± 0.05 b 4.18 ± 0.03 b 5.85 ± 0.03 a 4.62 ± 0.11 b 4.71 ± 0.07 b

DM 37.1 ± 0.56 38.1 ± 1.3 38.4 ± 0.91 58.4 ± 0.43 58.2 ± 0.67 58.50 ± 0.77

Nutrient compositions (%)
CP 15.9 ± 0.51 15.8 ± 0.14 15.6 ± 0.25 15.0 ± 0.01 15.3 ± 0.12 14.9 ± 0.15

ADF 35.5 ± 0.43 34.7 ± 0.31 35.4 ± 0.25 35.0 ± 0.23 35.1 ± 0.27 34.7 ± 0.32
NDF 61.3 ± 0.37 60.6 ± 0.96 61.3 ± 0.38 61.5 ± 0.18 62.5 ± 0.20 61.3 ± 0.51
TDN 61.8 ± 0.34 62.4 ± 0.25 61.9 ± 0.20 62.2 ± 0.18 62.1 ± 0.21 62.3 ± 0.25

Fermentation products (% DM)
LA 0.04 ± 0.01 b 4.82 ± 0.34 a 5.5 ± 0.03 a 0.05 ± 0.01 b 2.27 ± 0.32 a 2.61 ± 0.2 a

AA 0.22 ± 0.03 b 0.33 ± 0.02 a 0.24 ± 0.007 b 0.17 ± 0.05 b 0.22 ± 0.007 b 0.35 ± 0.02 a

BA 0.06 ± 0.01 a 0.01 ± 0.01 b 0.008 ± 0.001 b 0.027 ± 0.00 a 0.017 ± 0.001 b 0.006 ± 0.05 c

LA/AA 0.16 ± 0.03 c 14.6 ± 1.43 b 22.6 ± 0.65 a 0.30 ± 0.04 c 10.35 ± 1.18 a 7.42 ± 0.47 b

DM: dry matter (%); CP: crude protein; ADF: Acid detergent fiber; NDF: Neutral detergent fiber; TDN: Total
digestible nutrient; LA: Lactic acid; AA: Acetic acid; BA: Butyric acid; LA/AA: ration of lactic acid and acetic
acid. Data are expressed as the mean ± S. E.M. of five replicates. Analysis was performed with two technical
replicates from each sample. a, b, c p < 0.05 alphabets within columns indicate significant differences between
experimental silages.

3.4.2. Fermentative Metabolites

As KCC-51 and KCC-52 exhibited a substantial reduction in pH of silages, then we quantified
major fermentative acids found in the ensiled silages of both non-inoculated and inoculated silages,
Non-inoculated high and low moistures silages of triticale had a lower level of lactic acid (high: 0.04
vs. low: 0.07 DM% lactic acid) and a higher level of butyric acid (high: 0.06 vs. low: 0.02 DM% butyric
acid) which indicates native bacteria in the plant is not enough to induce the fermentation process and
fail to reduce the pH of silages under controlled conditions. However, the addition of KCC-51 and
KCC-52 sharply increased content lactic acid with a marginal amount of acetic acid in both high and
low moisture silages, which means our inoculants treatment enhanced successful fermentation and
the acidification of silages. Addition of KCC-51 and KCC-52 slightly increased acetic acid levels (0.22
vs. 0.35 DM% acetic acid) in low moisture silages compared to control silage (0.20 DM%). In higher
moisture silage, KCC-51 treatment slight increased acetic acid content compared to control, whereas
high moisture silage inoculated with KCC-52 showed lower acetic acid content compared to control
and KCC-51 (Table 2).

3.4.3. Microbial Populations

Lower total bacteria and lactic acid bacteria (LAB) and higher yeast counts were noted in
non-inoculated silages; it is the key reason behind the less concentration of lactic acid level in
non-inoculated silages compared to inoculums applied silages. In contrast, higher total bacteria and
LAB with lower yeast counts were recorded in the silages treated with KCC-51 and KCC-52 (Table 3).
Mold counts were not detected in both non-inoculated and inoculated silages of triticale.
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Table 3. Microbial populations of low and high moistures silages of triticale in non-inoculated and
inoculated (KCC-51 and KCC-52) silages of triticale at high and low moistures.

Items High Moisture Low Moisture

Control KCC-51 KCC-52 Control KCC-51 KCC-52

Microbiology (log10/g−1)

TB 8.76 ± 0.02 b 9.85 ± 0.03 a 9.85 ± 0.12 a 8.73 ± 0.03 c 9.65 ± 0.03 b 9.80 ± 0.03 a

LAB 7.34 ± 0.02 b 8.47 ± 0.03 a 8.79 ± 0.12 a 7.27 ± 0.03 c 8.62 ± 0.03 8.76 ± 0.02
Yeast 5.32 ± 0.04 a 4.45 ± 0.16 b 4.32 ± 0.07 b 5.66 ± 0.04 4.96 ± 0.05 5.07 ± 0.04

Mould ND ND ND ND ND ND

TB: Total bacteria; LAB: Lactic acid bacteria; ND: not detected. Data are expressed as the mean ± S. E.M. of five
replicates, counting analysis was performed with three technical replicates from each sample. a, b, c p < 0.05 alphabets
within columns indicate significant differences between experimental silages.

4. Discussion

Triticale is a breed plant generated by crossing wheat and rye, it is the first successfully obtained
grain from two different grain plants, and it is used in the diet of domestic and farm animals by different
ways. It has a high content of crude protein as well as carbohydrates which are the key factors for
the production of concentrated animal feed. It can replace oats, fodder, barley, and other cereals [24].
Preservation of forages with rich nutrients for prolonged periods is challengeable due to loss of nutrients
by plant oxidation, entero-bacteria growths, proteolytic activity, undesired fermentation, deamination
and decarboxylation of amino acids strongly affects the quality of forage/silage which increases energy
loss and anti-nutritional compounds in the forages [3]. The major objectives of the silage and feed
industry are to improve the nutritional content, aerobic stability, and absorbance efficiency of plant
silages. In general, lactic acid bacteria (LAB) plays a major role in the preservation of forages at ensiled
condition by rapid induction of fermentation of silages. However, in the feed industry, indigenous LAB
population in the plant is not sufficient to meet the current industry requirements. Therefore, additional
inoculums are required to make good quality silages with preserved nutrients, particularly LAB. In the
current study, potent lactic acid bacteria were isolated and identified by biochemical and molecular tools
indicated that these strains belonged to the L. rhamnosus and L. paracasei. These bacteria were able to
ferment various carbohydrates substrates which varied among the strains and it produces different kind
extracellular enzymes which are very useful in food and leather industries. These enzymes productions
differed between the KCC-51 and KCC-52, it consisted with a previous report [31]. Antibiotic sensitivity
of LAB is an essential criterion for the selection of potent probiotic strains. The isolated KCC-51 and
KCC-52 possess good antibiotic sensitivity against almost all of the tested antibiotics, but slightly
varied among the antibiotics [32]. In addition, KCC-51 and KCC-52 had greater antibacterial activity
against E. faecalis, E. coli, P. aeruginosa, and S. aureus, which could be very useful in the prevention of
pathogenic/undesirable microbial growths. Most of the LAB showed significant antibacterial activity
against E. coli, S. enteritidis, S. aureus, and E. faecalis [29,33]. As a good probiotic, strains must have
strong antimicrobial activity, survive in the harsh condition of GIT such as resistant in gastric, duodenal
intestinal juices, hydrophobicity and aggregation properties [34,35]. Here we noted significant survival
rates of both strains in the simulated gastric, duodenal, and intestinal juices. Strains were reduced
initially in the gastric juice due to its lower acidic condition similar to the stomach, further transferring
of these strains into the duodenal and intestinal juices showed more survival rates compared to gastric
juice; it suggested that these strains obtained strong resistance capacity from low pH of the gastric
juice. Bile salt and higher pH affect the probiotic growths [36,37]. Moreover, the probiotic features
have been proven for strains belonging to L. rhamnosus, L. paracasei, and L. casei [38] in accordance with
FAO/WHO [38].

KCC-51 and KCC-52 showed good antibacterial and potential probiotic properties; next, we studied
the impact of these strains on nutrient profiles, fermentative acids, and microbial changes in the ensiled
silages at day 180. It suggested that the addition of KCC-51 and KCC-52 to forage samples when ensiling
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process enhanced acidification of triticale silages at both high and low moisture by increasing lactic
acid concentration. Generally, enhancement of acidification is closely associated with the preservation
of the ensiled silages. An addition of LAB at ensiling is intended to ensure rapid and fermentation
of silages as it results in faster accumulation of lactic acid, reduced pH ranges at both high, and low
moisture of ensiled silages which makes an unfavorable condition for enterobacterial growth [39,40].
Many reports suggested the advantage of LAB as inoculants for silage production which can utilize
the water-soluble carbohydrates and convert into a lactic acid level, it is a major and important acid
in the fermented silages and also a key marker of the preserved high quality silages [41,42]. LAB,
particularly lactobacillus sp. in the plants, is not sufficient to induce expected fermentation rates when
ensiled silages resulted in higher pH, which is favorable for the undesirable microbial growths [43].
In the present study, non-inoculated silages of both low and high moistures had low numbers of LAB
with high numbers of other epiphytic bacteria and yeast counts, while KCC-51 and KCC-52 treated
silages had a higher population of LAB with lower counts of yeast which indicates the addition of
inoculants dominated the growth of other epiphytic bacteria other than LAB. As evidenced that the
LAB shared a higher percentage of the population in the total bacteria compared to non-inoculated
silages. Successful fermentation indicates the disappearance of enterobacteria and the dominant
growth of LAB in the silages. These changes are closely associated with the decline of pH and lactic
acid production in inoculants applied silages [44]. The addition of L. rhamnosus rapidly drops the pH of
the silages and inhibited fungal growth and mycotoxin production [39,45,46]. Additionally, L. paracasei
and L. rhamnosus could be considered as excellent additives for plant based silage production with
enriched nutrients for ruminant and non-ruminants [20–22].

The preservation of ensiled forage samples for prolonged periods is based on the strong acidification
by the microbial inoculants. Faster acidification inactivates proteolytic enzymes activities and controls
the diversity and richness of enterobacteria which grow until low pH reached [47]. Reduction of
pH is generally used to monitor the silage quality and the ranges between 3.8 to 4.2 are desired for
a successful ensiling [41]. In the current study, higher pH was noted in non-inoculated silages at
both high and low moistures condition. Higher acidification was noted in the silages treated with
KCC-51 and KCC-52. It confirmed that it was unable to induce the fermentation process of silages by
epiphytic bacteria found naturally in the plants, therefore, required efficient inoculants to promote the
fermentation process in the silages. Lactic acid, acetic acid, and butyric acid have been considered
as key acids in the ensiled silages and represent the highest level of acids produced from WSC by
LAB [48,49], especially the lactic acid found higher in silages among the others acids, which contributed
to reduce the pH of silages and prevent the undesirable microbial growths [50]. Low lactic acid and
higher butyric acid were noted in non-inoculated silages which indicated lower lactic acid content and
could not be able to dominate the other microbial growth resulted in poor fermentation. Acetic acid
and butyric acid are the primary negative indicators of ensiled silages that reduced the dry matter
content and energy during fermentation [43]. Addition of inoculants reduced butyric acid content of
silages, at the same time slight increases of acetic acid were noted in the silages treated with KCC-51
and KCC-52. Many reports claimed that the moderate amount of acetic acid production plays a major
role in the preservation of silages by its antimicrobial potential [6,47,51].

5. Conclusions

KCC-51 and KCC-52 showed significant antibacterial activities against various pathogenic
bacteria. Besides, these strains survived in the harsh condition of GIT; it confirmed its probiotic features.
Furthermore, the addition of KCC-51 and KCC-52 showed a positive impact on the fermentation of
both high and low moistures silages of triticale by enriching the nutrient content particularly, higher
lactic acid with lower butyric acid concentration. Increased lactic acid bacteria in KCC-51 and KCC-52
inoculated silages, whereas reduced yeast counts compared to non-inoculated silages. Additionally,
KCC-51 and KCC-52 treatment rapidly reduced the pH of silages than the control; it inhibits the
undesirable microbial growths. Overall data suggested that the L. rhamnosus—51 and L. paracasei—52
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could be considered as potent inoculants used for silage production. A detailed investigation is needed
to confirm the efficiency LAB based triticale silage from different cultivars at different stages and must
study the effectiveness of triticale silages on animal performance.
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