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Featured Application: Silage probiotics.

Abstract: This study aims to evaluate the fermentation characteristics of Lactobacillus plantarum and
Pediococcus spp isolated from sweet sorghum silage to enhance the fermentation quality of Napier
grass and sweet sorghum silage. Based on molecular 16S ribosomal ribonucleic identification the
isolated strains were phylogenetically related to Lactobacillus plantarum (HY1), Pediococcus acidilactici
(HY2) and Pediococcus claussenii (HY3). Strains HY1, HY2 and HY3 and commercial bacteria
Lactobacillus plantarum, Ecosyl; (MTD\1( were ensiled with sweet sorghum and Napier grass and
the non-inoculated grasses, have been arranged in a completely randomized experimental design
in a 5 (inoculants) × 3 (ensiling periods). In both grasses, the fermentation characteristics chemical
composition and microbial population were assessed at 5–30 and 90 days of ensiling. The results
showed that the effect of addition inoculants significantly reduced (p < 0.05) the pH, ammonia-N,
acetic acid and undesirable microbial population and increased (p < 0.05) lactic acid and lactic acid
bacteria counting when compared to the control. The effect of ensiling days on silage quality through
the increasing lactic acid, acetic acid, ammonia-N, propionic acid and butyric acid whereas decreasing
pH and water-soluble carbohydrates and microbial counts. In both sweet sorghum and Napier silage
treated with isolated strains showed the best results in silage quality. The HY3 belongs to Pediococcus
claussenii was not extensively studied in silage but it has shown good fermentation quality which
strongly recommended to apply as probiotic.

Keywords: fermentation; Lactobacillus plantarum; Pediococcus acidilactici; Pediococcus claussenii;
silage quality

1. Introduction

Natural and chemical additives have been adopted widely in silage processing used as a means
of improving silage quality [1]. The mechanism of ensiling involves the conversion of water-soluble
carbohydrates (WSC) by epiphytic and/or inoculated lactic acid bacteria (LAB) into lactic acid (LA)
under anaerobic conditions [2,3].

The increased in LA content resulted in a reduction of pH value of the silage and a subsequent
restriction in the growth pace of undesirable microbes which are deleterious to the fermentation
process [4]. It known well, a predominant aspect of grass-based materials application is how to
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preserve the original nutrients and ensure sustainable supply [5]. An important objective in ensiling
forage is to reduce extensive proteolysis, which increases the nutritional losses and leads to affect the
quality of silage regarding protein quality and the intake [6].

Successful ensiling process, resulted in a reduced storage loss, preserve substantial amount
of nutrients and produced edible silage with an ideal dry matter content but unsuccessful ensiling
process produced bad silage that contains undesirable microorganisms like yeasts, moulds, mycotoxins,
pathogenic bacteria [7,8]. According to a microbiological point of view, fungi colonizing plants at
various stages of development and produce mycotoxins (i.e., deoxynivalenol, nivalenol, zearalenon,
fumonisine, vomitoxin, T2, patulin, aflatoxin, ochratoxin) dangerous for humans, animals, plants and
microorganisms. In addition, moulds can colonize plants as endophytes, which makes it very difficult
to limit these microorganisms from silage [9–11].

During the fermentation process some problems might appear such as insufficient lactic acid
fermentation and bad smell of silage [12].One of the most practices to improve the fermentation process
its adding LAB which could be ensure the appropriate production of lactic acid and decrease the
amounts of acetic, butyric and propionic acid [13]. LAB inoculants have a long history and have been
incorporated into silage making as an effective technique to increase LA production [14].

Researchers have mentioned that LAB is considered safe for a wide range of reasons: like healthy,
ease of handling, nontoxic nature and low cost, low energy required and high yields. LAB fermentation
contributes beneficially in food processing technology and the quality of the end-products such as
flavour, shelf-life and safety and sensory profile of the final products [14–20]. LAB from the genera
Lactobacillus, Bifidobacterium and Pediococcus are commonly classified as probiotics [21]. The species
Lactobacillus plantarum characterized by rapid productive of lactic acid and tolerant to acidity which
was wildly applied to enhance the forage fermentation. While Pediococcusacidilactici is identified
describes as rapid productive to lactic acid and faster growing than Lactobacillus, though it adapts for a
wild range of temperatures [21–23].

However, Lactobacillus spp, unlike Pediococcusspp, has the potential of improving lactic acid
production, lowering pH, competes with spoilage organisms, minimizes gas losses and proteolysis [24].
Thus this study aims at evaluating the efficiency of LAB isolated from sweet sorghum silage on
enhancing the fermentation quality based on a comparison between sweet sorghum and Napier
grass silages.

2. Materials and Methods

2.1. Experimental Procedures

The experiment has been performed in the following two processes: (1) Isolating of LAB from
sweet sorghum silage and (2) Inoculating the isolated LAB with sweet sorghum and Napier grass.

2.1.1. LAB Strains Isolation and Identification

The isolation of LAB was performed from sweet sorghum silage, a sub-sample of silages (ten
grams) were diluted with 90 ml of sterilized saline solution (8.50 g/L NaCl) and was shaken by a
shaker 120 rpm, for 2 hours. The dilution10−1 to 10−6 was prepared out of the last dilution of that
samples. A fifty µl of the suspension was poured on a Glucose Yeast Peptone (GYP) medium and
incubated under anaerobic conditions for three days at 37 ◦C by using an anaerobic box in darkness.
Only one colony of each grown LAB was pour-plated in the Man Regosa Sharp (MRS) medium and
the cultures were incubated at 37 ◦C for 24 hours in an anaerobic box under conditions of darkness [25]
then, the colonies of LAB were selected and marked. Those isolated strains were purified by successive
streaking onto the same medium twice, then selected and transferred one colony to 5 ml of MRS broth
and kept in oven 37 ◦C for 24 hours. After that, the strains were preserved by dilution with 40%
glycerol solution and stored at −20 ◦C for further examinations.
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2.1.2. Morphological, Physiological and Biochemical Tests

After 24 hours of incubation on MRS agar Gram staining, Catalase activity and gas production
from glucose of LAB were examined as previously described [26]. Growth in MRS broth at 10, 15, 25,
40, 45 and 50 ◦C was observed for 48 h. Growth of LAB at pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.5 and 7.5 was
observed in MRS broth after incubation at 30 ◦C for 48 h. Salt tolerance was determined in MRS broth
containing NaCl at 3.5, 6.5 and 9.5% as the method described by [2]. Carbohydrate fermentation was
examined by the API 50 CHL® assay (bioMérieux, L’Étoile, France).

2.1.3. Extraction of Bacterial Deoxyribonucleic acid

The DNA extraction and purification from bacterial (isolates) were carried out according to the
procedures described by [27]. Briefly, overnight bacterial cultures were centrifuged individually at
13,000 g for 6 min., then washed twice with phosphate saline buffer (PBS) and incubated at 37 ◦C for
one h, in 400 mL of lysis buffer [0.2 mg/L sucrose, 1.5 g/L Tris–HCl, 3 g/L NaCl and 3 g/L EDTA]
containing lysozyme (10 g/L). 20 ml of SDS solution (100 g/L) and two ml of proteinase K solution
(20 g/L) were added to each tube, gently mixed and incubated at 37 ◦C for 1.5 hours. After incubation,
DNA was extracted using the phenol: chloroform method (1:1) ratio and precipitated with ethanol
(2.5 volume) and sodium acetate (1/10 the volume of 3 M). The purity, as well as the yield of RNA in
the aqueous phase, was assessed spectrophotometrically and stored at −20 ◦C to be used later.

2.1.4. LAB Identification by 16S rRNA Sequencing Analysis

16S rDNA fragment was amplified by PCR thermal cycler (Takara Shuzo Co., Ltd., Ohtsu,
Japan). Universal primers were used to identify LAB. The primers were designed using the invariant
region in the 16S rRNA sequences for LAB which obtained from Sigma Scientific Services Co.,
Karlsruhe Germany. The used primers were prokaryotic 16S ribosomal RNA universal primers 27F
(5′-GAGTTTGATCCTGGCTCA-3′) and 1492R (5′-ACCTTGTTACGACTT-3′), it has been developed
by [28]. While, the used DNA marker was 100– 1500 bp (TAKARA BIO INC., Shiga, Japan) that
was used as the molecular weight standard [29]. Consequently, the amplified DNA sequencing
reactions were performed by using an automated DNA sequencer(PCR). Database searches were
performed via the usage of the latest release of the non-redundant DNA sequence database present
at the National Centre for Biotechnology Information (NCBI) website, located at http://www.ncbi.
nlm.nih.gov/BLAST. Homolog analysis was conducted using the Basic Local Alignment Search Tool
(BLAST) program [30]. Phylogenetic distances were calculated by MEGA software (version 6.0), using
a Neighbour-Joining method and a Kimura 2-parameters modelling analysis.

2.2. Silage Making

Two forage crops, were harvested at the maturing stage sweet sorghum (Sorghum bicolour)
after 90 days of plantation while Napier grass (Pennisetum purpureum.) harvested after 95 days
of planting. The grasses were wilted overnight then chopped into 1–2 cm-long pieces by a forage cutter.
The chemical composition and microbial analysis of fresh grasses were given in Table 1.

Strains HY1, HY2, HY3 and Lactobacillus plantarum, Ecosyl MTD\1 (commercial bacteria) were
arranged according to McFarland turbidity standards, the inoculation at 106 colony forming units
(cfu)/g fresh matter (FM). Grasses without inoculant used as a control. After treating and mixing well,
a silo (8 cm in diameter and 12 cm in length) was filled with each treated batch and sealed with a screw
top and plastic tape. A resulted of 45 silos for each grass were kept in room temperature. Three silos of
each treatment were opened at 5, 30 and 90 days followed ensiling.

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
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Table 1. Chemical composition and microbial analysis for fresh sweet sorghum and Napier grass.

Items Mean ± Standard Deviation

Sweet Sorghum Napier Grass

Dry matter (DM)g/kg 225 ± 4.56 241 ± 0.56
pH 5.76 ± 0.02 5.97± 0.05

water soluble carbohydrates (WSC)
g/kg DM 30.2 25

buffering capacity(BC) mEq/kg DM 260 94.4
WSC/BC ratio 0.11 0.26

Neutral detergent fibre (g/kg DM) 642 ± 0.63 697 ± 0.25
Acid detergent fibre (g/kg DM) 398 ± 0.61 475 ± 6.61

Crude protein (g/kg DM) 80.7 ± 0.07 62.5± 0.01
Lactic acid bacteria (log10 cfu/g) 6.94 ± 0.07 5.20 ± 0.20

Aerobic bacteria (log10 cfu/g) ND 4.41± 0.05
yeast (log10 cfu/g) 2.11± 0.11 2.15± 1.11

Chemical and Microbial Analysis of Fresh Grasses and Silage

From the chopped grasses, 80 g was dried at 65 ◦C for 72 hours in triplicate. The material was
grounded to pass a 1 mm screen and stored in plastic bags at room temperature. To be used in
determining the dry matter (DM), Water-soluble carbohydrates (WSC), neutral detergent fibre (NDF),
acid detergent fibre (ADF) and crude protein (CP) as the method described by [31]. WSC content was
determined by using the method [32]. Twenty grams from grasses was diluted with 180 mL of distilled
water and stored in the refrigerator at 4 ◦C for 24 hours. Then, the mixture was filtered and the pH
was measured using a glass electrode pH meter (HI221, Hanna Ltd., Italy) and the buffering capacity
(BC) was determined according to procedures described by [33].

The silos were opened according to the scheduled time and a sub-sample of silages DM, pH,
WSC, NDF and ADF were measured with the same methods used in fresh grasses. Ammonia-N was
determined by procedures described by [34]. The organic acids were measured in High-performance
liquid chromatography )HPLC) 1260 (Agilent Technologies, Inc., Hewlett-Packard-Strasse 8 76337
Waldbronn, Germany; column: Carbomix®H-NP5, Sepax Technologies, Inc., Newark, DE, USA;
detector: refractive indexdetector, Agilent Technologies, Inc Hewlett-Packard-Strasse 8 76337
Waldbronn, Germany; eluent: 0.5 ml/min, 2.5 mmol/L H2SO4; temperature: 55 ◦C).

Fresh material and silages microbial populations were determined as methods described by [31].
Briefly, 10 grams of the sample was mix with 90 ml of sterilized saline solution (8.50 g/L NaCl) and the
dilutions 10−1 through 10−6 were prepared in sterile saline solution. LAB counting on deMan Rogosa
Sharp agar medium (Difco Laboratories, Detroit, MI, USA) at 37 ◦C for 3 days (N2:H2:CO2 = 85:5:10,
YQX-II, CIMO Medical Instrument Manufacturing Co., Ltd., Shanghai, China). Aerobic bacteria were
poured on nutrient agar medium (Nissui-seiyaku Ltd., Tokyo and Japan) then incubated at 37 ◦C for
3 days. Yeasts and moulds were counted, on potato dextrose agar (Nissui-seiyaku Ltd., Tokyo, Japan),
the agar plates were incubated at 37 ◦C for 3 days, before colony counting. The results between 30 and
300 colonies were considered and expressed as log CFU/g.

2.3. Data Analysis

Data were analysed using the GLM procedure of the Statistical Analysis System (SAS 8.0, to
the model for a factorial treatment design as follows: Yij = u + Ii + Tj + (I + T) ij + eij, where Yij
is the dependent variable; u is overall mean; Ii is the effect of LAB inoculation; Tj is the effect of
fermentation days; (I + T)ij is the effect of interaction between LAB inoculation and ensiling days; and
eij is the residual error. Turkeys HSD (honestly significant difference) test was employed to compare
the differences between the treatment means, p < 0.05 was considered significant. The fermentation
coefficient (FC) was calculated according to Weissbach (1999) [35] as follows: FC = DM (g/Kg) + 8
WSC/BC.
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3. Results

3.1. Characteristics of LAB Isolates

The isolated rains comprised a rod with coccus shaped, gram-positive, negative catalase and
both homo fermentative. As presented in Figure 1, the isolated LAB strain HY1 placed in the cluster
of species Lactobacillus plantarum, which indicated a more than 95% of similarity, strain HY2 was
clearly identified as Pediococcus acidilactici, which showed a similarity of 96%, while strain HY3 was
categorized as Pediococcus claussenii, coarsely with a high similarity of 99%. The isolated LAB strains
showed good growth at high temperature 50 ◦C and low pH 3.5. The LAB isolates grew well in MRS
broth medium with 3%and 6.5% NaCl. The isolated LAB was deemed as sensitive to low temperatures.
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As shown in Table 2 the strain HY1 ferment most of the carbohydrate substrates except Inositol,
while the strain HY2 and HY3 fail to ferment some substrates such as Sorbose, Sorbitol and Maltose.
The isolated strains were deposited in GenBank (https://www.ncbi.nlm.nih.gov/genbank/) under
accession numbers KY484772 for HY1 strain, KY494431 for strain HY2 and KY484789 for strain HY3.
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Table 2. Description and characteristic of LAB isolated from sweet sorghum.

Characteristics HY1 HY2 HY3

Shape Coccus Rod Rod
Gram stain + + +

Gas from glucose + - +
catalase - - -

Fermentation type Homo Homo Homo
Acidification 3.82 3.95 3.91

Growth at pH
3 + + +

3.5 + + +
4.5 + + +
5.5 + + +
6.5 + + +
7.5 + + +

Growth at temperatures(◦C)
5 - - -
10 - - -
15 - - -
40 + + +
45 + + +
50 + - -

Growth in NaCl (w/v %)
3.50% + + +
6.50% + + +
9.50% - - -

16Sr DNA similarity (%) 95% Lactobacillus plantarum 96% Pediococcus acidilactici 99% Pediococcusclaussenii
D-Glucose + + +
D-Fructose + + +
D-Xylose + + +

Melezitose + + +
Amygdalin + + +
Melibiose - w +

Ribose + + +
Sorbose w - +

L-Arabinose + + +
Galactose + + +
Rhamnose + - +

Lactose + + +
Mannose + + +

Saccharose + + +
Sorbitol + + +
Salicine + + +

Mannitol + + +
Maltose - - +
Inositol + + -
Esculine + + +

+, normal; −, no growth; W, weak

3.2. Fermentation Quality of Sweet Sorghum and Napier Grass

According to Figure 2A, the incubated LAB and ensilage days significantly change the pH (p < 0.05)
in treated of sweet sorghum; with a rapid drop in the first 5 days of ensilage, then its trend to stabilize.
At all days of ensiling, the treated batches had a lower pH compared to control. The strain MTD\1
showed high pH after control. At the end day of ensiling, the HY1 HY2 and HY3 could reduce the
pH by 14.9% pH 13.4 % and 13.9% respectively. On the other hand, the effect of LAB on Napier grass
pH showed that a significant difference (p < 0.05) compared to untreated batches Figure 2B. Similar to
sweet sorghum silage the strain MTD\1 showed higher pH next to control whereas the drop in pH in
strains HY1, HY2 and HY3 was 18.9%, 16.5% and 16.7% respectively. The pH changes overtime for
Napier grass demonstrated a clear regression than sweet sorghum.
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Figure 2. Effect of LAB inoculants on pH dynamics (A) sweet sorghum, (B) Napier grass silage, during
different opening times.

As shown in Figure 3A, the WSC contents of sweet sorghum a significantly (p < 0.05) decreased
when belonging the ensiling time. Nonetheless, day 5 and 90 presented no significant difference
between treated and untreated silage. On day 30 the strains, grass treated with HY1, HY2 and HY3
showed lower WSC (p < 0.05) as compared to MTD\1 and control. As shown in Figure 3B, treated
and untreated Napier grass recorded similar WSC concentration except in day 5, where HY2 and HY3
strains showed lower WSC. The WSC content of Napier grass significantly declined (p < 0.05) from
day 5 to 90. The concentration of WSC was decreased when the store time extended.
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different opening times.

Concerning silage organic acid, as shown in Figure 4 from day 5 to 90 the treated sweet sorghum
batches produced high LA than control (p < 0.05). The content of LA increased rapidly in silages
treated with isolated LAB compared to MTD\1 and control. During different opening time strain, HY3
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produced a high amount of LA. The contents of acetic acid (AA), butyric acid (BA) and propionic acid
(PA) increased significantly (p < 0.05) with prolonged ensiling days in all silages. The lower amount of
AA, PA and BA in treated silages, while no significant difference between treated and untreated silage
on ethanol produced. The ratio of LA to AA increased during the ensiling time in treated silage.
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Figure 4. Effect of LAB inoculants on organic on sweet sorghum silage (A) lactic acid, (B) acetic acid,
(C) butyric acid, (D) propionic acid during different opening times.

According to Figure 5, the LAB incubated with Napier grass resulted in significant (p < 0.05)
increase in LA and lower the concentrations of AA, PA and BA. The higher LA produced by HY3 then
followed by HY1 and HY2 treatment on all opening times. The concentration of LA and AA in Napier
grass was lower compared to that of sweet sorghum.

Concerning to silage NH3-N, in both sweet sorghum and Napier grass the isolated strains
significantly reduced (p < 0.05) NH3-N compared to untreated silages. On 5 and 90 days of ensiling
the strain HY3 produced lower NH3-N in both grasses (Tables 3 and 4). Moreover, the NH3-N content
increased steadily with extending the ensiling time for both grasses. Concerning the DM and according
to Tables 2 and 3, the LAB treatments in both grasses did not show any significant difference into the
control in silages.
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Table 3. Effects of LAB inoculant on DM, Ammonia-N and microbial counting of sweet sorghum
ensiling for 90 days.

Parameter Treatments
Days

ESM
Significance

5 30 90 Day Treat Day *Treat

DM g/kg

C 231Aa 231Aa 210Aa

1.63 0.178 0.028 0.379
MTD/1 225Aa 230Aa 217Aa

HY1 224Aa 227Aa 229Aa

HY2 228Aa 235Aa 228Aa

HY3 215Aa 213Aa 218Aa

Ammonia-N g/kg
DM

C 45.5AB 61.2Aba 77.0Aa

2.31 <0.0001 0.0004 0.124
MTD/1 40.4BAa 54.3Aa 69.7BAa

HY1 35.2BAc 49.7BAb 59.5BAa

HY2 37.5BAa 47.4Aa 54.9BAa

HY3 26.8Ba 38.3 Ba 60.1Ba

Lactic acid bacteria
(log10 cfu/g)

C 3.39Aa 5.93ABa ND

0.46 <0.0001 0.093 <0.0001
MTD/1 4.86Aa ND ND

HY1 6.74Aa 6.25Aa 5.60Aa

HY2 2.08Aa 3.66ABa 0.33Bb

HY3 7.65Aa 2.19ABb 1.86BAb

Aerobic bacteria
(log10 cfu/g)

C 3.39Aa 5.36Aa 3.49Aa

0.37 0.041 0.549 0.007
MTD/1 4.86Aa ND 2.66Aa

HY1 ND 2.89ABa 1.33Aa

HY2 2.08Aa 5.14Aa 1.33Aa

HY3 1.65Aa 5.21Aa 1.33Aa

yeast (log10 cfu/g)

C 3.70Aa 1.00Aba 0.33Ab

0.56 0.3 0.235 0.056
MTD/1 1.15ABa ND ND

HY1 ND ND ND
HY2 1.10ABa ND ND
HY3 ND ND ND

Values with different superscripts differ significantly (p < 0.05), values with the same superscripts means no
significant difference (p < 0.05). 1 DM, dry matter; 2 C, no additive control; MTD/1, L plantarum, Ecosyl; HY1
Lactobacillus planturum; HY2 Pediococcusacidilactici; HY3 Pediococussclaussenii; 3 SEM, standard error of means; 4 ND
not detected.
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Table 4. Effects of LAB inoculant on DM, Ammonia-N and microbial counting of Napier grass ensiling
for 90 days.

Parameter Treatments
Days

ESM
Significance

5 30 90 Day Treat Day *Treat

DM g/kg

C 289Aa 280Aa 257Aa

3.73 0.346 0.01 0.254
MTD/1 288Aa 263Aa 269Aa

HY1 264Aa 281Aa 252Aa

HY2 286Aa 299Aa 316Aa

HY3 305Aa 293Aa 281Aa

Ammonia-N g/kg
DM

C 30.2ABb 48.9Aba 89.9Aa

4.58 <0.0001 0.0001 0.0041
MTD/1 35.3Ab 50.2BAa 63.9Aa

HY1 33.1ABb 46.9BAb 60.2Ba

HY2 30.1Ab 57.3Aa 63.9Ba

HY3 23.3Bb 33.2Bba 54.3Ba

Lactic acid bacteria
(log10 cfu/g)

C 3.90Aa 6.08Ab 6.35Aba

0.22 <0.0001 0.128 0.12
MTD/1 3.99Ab 3.05Ab 6.03Aa

HY1 6.52Aa 5.52Aa 6.39Aa

HY2 6.56Aa 6.34Aa 6.35Aa

HY3 6.39Aa 3.58Aa 6.18Aa

Aerobic bacteria
(log10 cfu/g)

C 3.27Aa 5.31Aa 4.88Aa

0.28 0.153 0.01 0.175
MTD/1 4.08Aa 2.30Aa 5.15Aa

HY1 5.47Aa 4.19Aa 4.83Aa

HY2 5.46Aa 3.14Aa 1.66Aa

HY3 5.32Aa 4.73Aa 1.42Ab

yeast (log10 cfu/g)

C 4.72Aa 4.66Aa ND

0.32 <0.0001 0.007 0.004
MTD/1 4.17BAa 3.91ABa ND

HY1 4.07ABa 2.97ABa ND
HY2 4.62Aa 2.73ABb ND
HY3 3.90Ba ND ND

Values with different superscripts differ significantly (p < 0.05), values with the same superscripts means no
significant difference (p < 0.05). 1 DM, dry matter; 2 C, no additive control; MTD/1, L plantarum, Ecosyl; HY1
Lactobacillus planturum; HY2 Pediococcusacidilactici; HY3, Pediococusclaussenii; 3 SEM, standard error of means; 4 ND
not detected.

3.3. Microbial Profile of Sweet Sorghum and Napier Grass Silage

A significant interaction between inoculants and ensiling time significantly change (p < 0.05) were
observed on the microbial profile of both silages. As presented in Table 5, sweet sorghum silage treated
with HY1 showed higher LAB count on day 30 and 90, while treated HY2 and HY3 showed higher
count in 5 days then decreased. Aerobic bacteria, yeasts and moulds significantly decreased (p < 0.05)
in treated silage than untreated silages. The strain HY1 had a low count of aerobic bacteria in all
opening time. On day 30 and day 90 no yeast and moulds were detected in treated silage. In the case
of Napier grass according to Table 6, the LAB count in both treated and untreated silage increased
steadily with extending the ensiling day. All isolated strains increased the number of LAB; the strain
HY2 presented high count in all opening days. Undesirable bacteria showed a high number on treated
and untreated silage. Yeasts and moulds had top counts into both treated and untreated silage in day 5
and 30 and significantly (p < 0.05) reduced in treated silage. No yeasts and moulds were detected in
90 days.
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Table 5. Effects of LAB inoculant on neutral detergent fibre and acid detergent fibre contents of sweet
sorghum and Napier grass at day 90 of ensiling.

Parameter Treatments
Sweet Sorghum Napier Grass

Mean p-Value ESM Mean p-Value ESM

Neutral detergent
fibre g/kg DM

C 61.1A

3.24 0.961

62.7 A

1.39 0.056
MTD/1 60.4A 62.8 A

HY1 60.5 A 63.2 A

HY2 58.1 A 62.6 A

HY3 59.3 A 62.0 A

Acid detergent
fibre g/kg DM

C 35.9 A

3.89 0.916

44.2 A

1.41 0.628
MTD/1 34.9 A 41.8 A

HY1 39.0 A 41.4 A

HY2 41.7 A 41.7A

HY3 41.6 A 39.7 A

Values with different superscripts differ significantly (p < 0.05), values with the same superscripts means no
significant difference (p < 0.05). 1 DM, dry matter; C, no additive control; MTD/1, L plantarum, Ecosyl; HY1
Lactobacillus Plantarum; HY2 Pediococcus acidilactici; HY3 Pediococus claussenii; 3 SEM, standard error of means.

During the ensiling process, according to Table 5, the NDF and ADF content showed no significant
difference in treated and untreated.

3.4. Statistical AnalysisFresh and End Product of Silage

In order to value the effect of the ensiling time and LAB inoculants, the fermentation parameters
of fresh grasses and last day silage were analysed Table 6. The pH, WSC and LAB in treated and
untreated silage showed a significant difference (p < 0.05) compared to fresh material in both grasses.
While the Napiergrass treated and untreated silage NDF significant difference (p < 0.05). Whereas no
significant difference was observed in ADF in both grasses.
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Table 6. Statistics analysis of pH, WSC and microbial population of sweet sorghums and Napiergrass on day 60 of incubation compared to fresh grasses.

Statistics
pH WSC (g/kg DM) LAB (log10 cfu/g) Aerobic Bacteria

(log10 cfu/g)
Yeas (log10 cfu/g)t

and Mould NDF (g/kg DM) ADF (g/kg DM)

p-values SEM p-values SEM p-values SEM p-values SEM p-values SEM p-values SEM p-values SEM

SS <0.0001 0.38 0.0013 4.18 0.0453 1.3 0.0013 0.66 0.0013 0.08 0.0013 0.08 0.0013 0.08
SS*MTD/1 0.0004 0.52 <0.0001 4.75 <0.0001 1.44 <0.0001 0.98 <0.0001 0.61 <0.0001 0.61 <0.0001 0.61
SS*HY1 0.0004 0.52 0.0002 5.47 <0.0001 1.44 0.0002 0.14 0.0002 0.61 0.0002 0.61 0.0002 0.61
SS*HY2 0.0001 0.46 0.0003 5.03 0.05 1.31 0.0003 0.66 0.0003 0.57 0.0003 0.57 0.0003 0.57
SS*HY3 <0.0001 0.48 0.0005 4.94 0.117 1.36 0.0005 0.98 0.0005 0.24 0.0005 0.24 0.0005 0.24

NS 0.0005 0.13 0.0005 4.44 0.0463 0.21 0.0005 0.14 0.0005 0.68 0.0005 0.68 0.0005 0.68
NS*MTD/1 <0.0001 0.23 0.0005 4.05 0.900 0.15 0.0005 0.14 0.0005 0.70 0.0005 0.70 0.0005 0.70
NS*HY1 <0.0001 0.23 0.0004 4.50 0.900 0.15 0.0004 0.14 0.0004 0.70 0.0004 0.70 0.0004 0.70
NS*HY2 0.0006 0.15 0.0003 4.80 0.016 0.27 0.0003 0.23 0.0003 0.22 0.0003 0.22 0.0003 0.22
NS*HY3 0.0001 0.26 0.0004 4.55 0.010 0.25 0.0004 0.25 0.0004 0.20 0.0004 0.2 0.0004 0.2

1 SS sweet sorghum; NS Napier grass; no additive control; MTD/1, L plantarum, Ecosyl; HY1 Lactobacillus planturum; HY2 Pediococcus acidilactici; HY3 Pediococus claussenii; 2 WSC,
water-soluble carbohydrates; NDF, neutral detergent fibre; ADF, acid detergent fibre; 3 SEM, standard error of means.
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4. Discussion

The sweet sorghum and Napier grass used in this study contains relatively low DM, WSC and
crude protein. According to Herrmann et al. [36] forages with insufficient fermentable substrate or too
low dry matter content have a FC of < 35, which indicate difficulty in the preservation of the biomass
as silage. In the present study, the FC of both grasses was less than 35 and WSC/BC ratio was less
than 3, therefore demonstrating the necessity of LAB addition. The DM is one of the most important
factors for ensuring the success of the ensiling process [37], the optimal DM content for grasses was
determined to be ranging between 350–400 g/kg [38]. In present study both grasses had a DM less
than the ideal range and the LAB treatments had a minor effect on DM, NDF and ADF which was in
close consent to the results achieved by [39,40].

It is well known that, a good preserved silage characterized by low pH, according to [41] rapid
acidification reduces the risk of undesirable microorganism growth during the early stage of ensiling
therefore the rate of pH decline may be more important than the final pH. In this study, the pH of all
treated batches continued to reduce the pH from the start till the end of the experiment and this finding
in consistent with [42]. The more rapid pH decrease when adding the LAB inoculant provide a clear
indication regarding its role in the fermentation process stimulation. As the inoculants reduced the
pH from 5.76 to 3.9 in sweet sorghum and Napier grass from 5.97 to 4.9 in first 5 days of ensiling, the
reduction was commensurately with the LA produced. This findings are in agreement with [43], the
faster reduction in pH is correlated with the high LA content which would further lead to improved
nutrients preservation. Yuan 2015, also found high LA when applied Lactobacillus spp in total mixed
rations among other chemicals [44]. As the previous studies mentioned, the addition of LAB inoculants
at ensiling is intended to ensure rapid and vigorous fermentation [45].

As previously mentioned by [3] using LAB to enhance silage quality by significantly improving
the lactic acid concentration of silage, which is compatible with the present results, when the high LA
concentration is produced by incubated LAB than control and commercial bacteria. On another hand,
untreated sweet sorghum batch produced a lower amount of WSC this may due to the efficiency of
epiphytic LAB to convert sugars and his results can be supported by the outcomes of Zhang (2015),
mixed the sweet sorghum with alfalfa which revealed a pH decline [46]. However, all strains isolated
in currant study were a homofermentative LAB those bacteria are preferred during the ensiling process,
because of their ability to rapidly convert forage sugars to lactic acid, which has a high acidifying
potential [3].

The other organic acids AA, BA and PA were produced when the undesirable bacteria fermented
the WSC [47,48] and they are considered not desirable because of their a negative effect on the voluntary
intake [49]. In this study, the LAB inoculant succeeded to reduce the amount of these acids which may
occur due to restricting the vigour of undesirable microorganisms. This results were in agreement
with [50], who reported that, soybean silage inoculated with L. plantarum showed an acceptable
reduction on AA and BA.

The fermentation process mainly depends on the availability of microorganisms in the silage, the
water content of the crop and the type of substrate available for fermentation [51]. In our study, the pH
and WSC decreased on both treated and untreated grasses and this result agrees with previous studies
by [34]. The fast decline in WSC content and high production of LA in the first 5 days of ensiling could
indicate by the ability of LAB to inhabit the other microorganisms. In this point, previously reported
that, in addition to LAB, some other microorganisms in the fermentation process compete for available
nutrients [52].

Other fermentation factor related to clostridial fermentation the ammonia N in silage which is
predominantly a product of amino acids [49]. Proteolysis occurs mostly when the pH is too high and
in the presence of a large amount of soluble proteins. Our study demonstrated that LAB incubation
could reduce ammonia N concentration and this might be due to their ability to compete with the
undesirable microorganism activates. However, the poor silage quality occurred when LAB fails
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to produce sufficient lactic acid during fermentation to reduce the pH and inhibit the growth of
clostridia [53].

Successful fermentation process resulted in LAB domination among other micro-organism
population, which produce lactic and other acids and due to presence of lactic acid, the pH drops
to 5—3.8 [37,54] which in consist to present study. As shown in this study, the fresh grasses were
rich in LAB, with a relatively high content of yeast and aerobic bacteria, this numbers of undesirable
organisms was decreased in both treated and untreated silage. researchers mentioned that LAB
could replace undesirable micrograms yeast and moulds, thus improving silage preservation [55].
Unlike sweet sorghum, Napier grass silage had a high number of aerobic bacteria, mould and yeasts,
according to the occurrence of a number of undesirable microorganisms at low levels in fresh plant
materials, leading to their probable growth during the storage of silage, henceto anaerobic or aerobic
spoilage [56]. However the aerobic microbial decreases the nutritional value of the silage but also
presents a hazard to animal health and the products quality and safety.

As known well, the quality of silage depends on the competition between different
microorganisms [56]. At the end of ensiling the strain HY1, which had been clustered into the
Lactobacilli showed the best results in pH dropping in Napier grass compared to sweet sorghum.
While strain HY2, which is of the Pediococus acidilacticis species, recorded excellent results in reducing
pH as well as in other fermentation parameters in sweet sorghum. Pediococcuspentosaceus and
Pediococcus acidilactici are the main species used in fermentation processes as astarter (co-culture)
for avoiding contamination [21] even though the strain Pediococcusclaussenii was not studied as a starter
intensively and in our study showed good fermentation characteristics. Previously researchers found
that the homolactic fermentation such as pediccouss acidacticicii stable for low WSC forages [53]. It is
known that, adequate WSC and LAB counts are important for the rapid establishment and growth
of LAB.

5. Conclusions

Sweet sorghum and Napier grass ensiled for 90 days demonstrated high fermentation
characteristics and more suitable chemical composition than the fresh material. Reaching for a
conclusion we can presume that, the LAB inoculants acted differently on both grasses, even though
the source of isolates did not greatly effect silages quality of both grasses. In conclusion all inoculants
succeeded to reduce the pH, ammonia –nitrogen, AA, BA and PA due totheir abilities to convert sugars
and produce sufficient LA which resulted in favourable silage quality.
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