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The effects of the L. plantarum strain RC1.4 starter culture with or without sucrose
addition on fermentation efficacy, microbial content, and aerobic stability indicators of
alfalfa silage
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Abstract: To develop the approach for efficient alfalfa silage fermentation, L. plantarum strain RC1.4 (LP-RC1.4) was used as starter
culture with or without sucrose. Trial groups consisted of ten repetitions for each treatment including (1) control, with added sterile
water (10 mL); (2) LP, silages treated with LP-RC1.4 alone (106 cfu g–1 FM); (3) LP-S1, silages treated with LP-RC1.4 (106 cfu g–1 FM)
plus sucrose at 10 g/kg fresh matter; (4) LP-S2, silages treated with LP-RC1.4 (106 cfu g–1 FM) plus sucrose at 20 g kg–1 fresh matter.
Inoculation improved the quality of the silaging demonstrating a lower decrease of silage dry matter (DM) in comparison to the control
silage. The CO2 production was also lower in the inoculated silages. The addition of sucrose improved microbiological and biochemical
parameters of the resulting alfalfa silage, simultaneously with the increased number of lactobacilli, raised the content of water-soluble
carbohydrates, while the number of yeasts and molds decreased. It was concluded that LP-RC1.4 inoculation should be supported with
sucrose to insure domination of LAB fermentation and enhance of the silage quality of alfalfa.
Key words: L. plantarum, sucrose, alfalfa silage, fermentation quality, aerobic stability

1. Introduction
Alfalfa (Medicago sativa L.) is an important roughage for
ruminant animals. Alfalfa has favorable nutrient profile
at the 1 / 10 flowering period; it is resistant to ensiling
due to its insufficient dry matter (DM) and water-soluble
carbohydrate (WSC) contents and high buffer capacity
[1]. Another dominating factor for the silage fermentation
process is the plant’s epiphytic bacteria density and
diversity. Epiphytic bacterial flora directly affects the course
of fermentation process and fermentation end products
[2,3]. Lactic acid bacteria (LAB) are an indisputable species
in the variety of epiphytic bacteria in plants and are fully
effective in the silage fermentation process. All bacteria
in this group establish their dominance by producing
lactic acid, the main / only product of silage fermentation.
Although the number of lactobacilli in plants varies
significantly, the clover plant has a severe vulnerability
with 10 cfu g–1 (cfu: colony forming units) [4].

Proper LAB inoculation can be considered as a
practical and effective way to achieve quality alfalfa
silage fermentation with this approach [5]. Within the
epiphytic bacterial flora, LAB have a lower potential
for metabolic efficiency, so their growth is slower [6,7].
An important way to increase metabolic efficiency is to
provide WSC support for LAB. Thus, it will be possible
to dominate LAB fermentation in silage plants with low
WSC content such as alfalfa [8,9,10]. L. plantarum is the
most widely used species for silage starters as it promotes
lactic acid fermentation, provides dynamic population
growth, and provides antibacterial and antifungal
activities as well as mycotoxin decontamination in
silages [11,12,13].
The trial was performed to identify lactobacillus
strains that could be used as a starter culture and evaluate
its influence on quality of alfalfa silage fermentation
with or without additional sucrose.
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2. Material and methods
2.1. Strains and growth conditions
All lactobacilli strains were cultivated in Rogosa broth
(Difco, USA) at 37 °C without aeration. When needed, 20
g/L agar (Helicon Company, Moscow, Russia) was added
to concentration. Yeast strains were maintained on YPD
agar (Difco, USA).
2.2. Isolation of LAB
For isolation of LAB 100 mg of red clover leaf were
placed in 10 mL of Rogosa broth amended with nystatin
(Belmedpreparaty, Minsk, Belarussia) to concentration
of 1000 per mL to prevent growth of concomitant yeasts.
Samples were incubated at 37 °C for 48 h. The mixture of
LAB was used for inoculation of juice of red clover leaves in
the ratio of 1 : 100 (LAB suspension : juice). The juice was
obtained by squeezing of freshly harvested leaves of red
clover (Trifolium sativum) variety “Ranniy2” and sterilized
using syringe filter with pore size 22 µm (Sartorius, Moscow,
Russia). After 48 h of growth at 37 °C without aeration,
bacterial suspensions were plated on Rogosa agar with
nystatin added. Grown colonies were removed from plate
with spatula and 2 mL of phosphate buffer saline (PBS) at
pH = 8.0 (Amresco, OH, USA). The bacterial suspension in
PBS was inoculated in the fresh juice in the ratio of 1:100.
This procedure: inoculation in the clover juice and plating
on Rogosa plate was repeated another two times. Finally, the
third generation of the LAB grown in the clover juice was
diluted in sterile PBS and plated on Rogosa agar to obtain
single colonies. The colonies different in morphology were
picked up for further characterization.
2.3. Elimination of siblings and heterofermentative
lactobacilli strains among isolated LAB
To avoid isolation of the same strain in several copies,
isolates originating from the same samples were
compared using BOX-PCR and ERIC-PCR [14]. For
these experiments, DNA was extracted from all isolates
accordingly [15]. PCR mix comprised of 1 ´ buffer for Taq
polymerase, 0.2 mM of each nucleotide triphosphate, 1
pM of each primer, 50 ng of template DNA and 5 units
of Taq pol. Volume of PCR mixture was adjusted to 25 µL
with deionized water. Amplification was carried out in the
following temperature profile: 95°C for 2 min of initial
denaturation were followed by 35 cycles of denaturation at
95 °C for 15 s, annealing at 45 °C for 20 s and elongation
at 72 °C for 8 min. Amplified fragments were separated in
1% agarose in 0.5 ´ TBE and analyzed using QuantityOne
software (Bio-Rad, USA). Profiles of amplified fragments
were compared, and isolates from the same sample
demonstrating identical fragment profiles were considered
as siblings.
Selected strains were tested for CO2 formation when
grown on glucose. Strains, which do not produce were
used for further work.

2.4. Identification of isolated LAB strains using 16S rRNA
gene comparison
To identify isolated strains, fragment of 16S rRNA gene was
amplified using primer pair 27fm (5’- AGA GTT TGA TCM
TGG CTC AG -3’) and R1522 (5’- AAG GAG GTG ATC
CAG CCG CA -3’) [16]. PCR mix comprised of 1buffer for
Taq polymerase, 0.2 mM of each nucleotide triphosphate,
1 pM of each primer, 50 ng of template DNA and 5 units
of Taq pol. Volume of PCR mixture was adjusted to 25 µL
with deionized water. Amplification was carried out in the
following temperature profile: 95 °C for 2 min of initial
denaturation were followed by 35 cycles of denaturation at
95 °C for 15 s, annealing at 45 °C for 20 s and elongation
at 72 °C for 1 min. Amplified fragments were separated
in 1% agarose in 0.5 ´ TBE. The amplified fragments of
the 16S rRNA gene were separated from concomitant
amplification products using gel electrophoresis in 1 %
agarose in 0.5 ´ TBE and were cut and purified from the gel
using CleanUp Mini kit (Evrogen LLC, Moscow, Russia).
The nucleotide sequences of the fragments of the 16S rRNA
gene were determined in Evrogen LLC (Moscow, Russia).
Similarity searches in GenBank were performed using
BLASTN software against the sequences of 16S rRNA
gene of bacteria available in GenBank [17]. The similarity
of 99% was considered as a level acceptable for affiliation
of the isolates to the species in question. Ten Lactobacillus
plantarum strains (LP-A5.1, LP-A5.2, LP-12.2, LP-CW3,
LP-CW5, LP-G1, LP-G2, LP-RC1.1, LP-RC1.4, and LP-3.1)
were identified on the base of their 16SrRNA sequences.
All isolation and identification tests were performed in
Kazan State Agrarian University, Tatarstan, Russia. The L.
plantarum strain RC1.4 (LP-RC1.4) was chosen as a starter
culture due to its high acidification activity.
2.5. Plant and the silage groups
Alfalfa (Medicago sativa L.), second cut, at 1/10 bloom
stage with 246.8 g dry matter, (DM) harvested from Van
Yüzüncü Yıl University Agricultural Application and
Research Center was tested as silage material. The amount
of chopped alfalfa for each group was weighed out, sprayed
(1) with 10 mL of sterilized water alone for the control,
(2) with 10 mL of LP-RC1.4 alone for inoculanted alone
(LP), (3) with 10 mL of LP-RC1.4 plus sucrose at 10 g/kg
fresh matter (LP-S1) and (4) with 10 mL of LP-RC1.4 plus
sucrose at 20 g/kg fresh matter (LP-S2), respectively. LPRC1.4 was applied at a rate of 106 cfu/g to FM with 10 mL
sterilized physiological saline. The amount of fresh mixed
mass of alfalfa for each groups then filled into the 1 L of
jars silo by hand. Each treatment group was designed from
ten repetitions within itself. The jar-silos were incubated at
room temperature for sixty days.
2.6. Chemical analyses
Silage samples were analyzed after 60 days of ensiling.
After maceration of a total of 25 g of silage samples with
100 mL of sterilized water using an industrial blender,

727

AKSU et al. / Turk J Vet Anim Sci
the aqueous extract was divided in two portions for
determination of pH and fermentation products. pH
values were immediatly measured using a potentiometer,
and NH3-N content was deterimined according to the
study of Broderick and Kang [18]. For aerobic stability
of silage, the silages were subjected to an aerobic stability
test for 5 days in a system according to Ashbell et al. [19].
The aerobic deterioration indicators (pH, CO2 production
and microbial population) were tested. Acetic acid (AA),
propionic acid (PA) and butyric acid (BA) were measured
using GC (Hewlett Packard-USA. column: 60 – capillary
column, detector: FID, elunt: 1 mL min–1 helium, temp:
250 °C). Lactic acid (LA) was determined using HPLC
(column: CTO-20A, detector: DAD, 220nm, SPD-20A,
eluent: 1 mL min–1, 25 mM potassium phosphate, temp:
30 °C).
The WSC content was measured by spectrophotometric
method based on the anthrone reagent reaction [20]. For
chemical analyses, silage samples (20 g) were dried at 60
°C for 48 – 72 h. The contents of DM and crude protein
(CP) were determined according to AOAC method [21].
Determination of the neutral detergent fiber (NDF) and
acid detergent fiber (ADF) contents were performed by
the method of Van Soest et al. [22].
2.7. Determination of in vitro dry matter (IVDM) and in
vitro organic matter digestibility (IVOMD)
To determine the in vitro digestion of silage, an Ankom
Daisy Incubator device fulfilling the role of an artificial
rumen was used. Rumen fluid used for in vitro incubation
was taken from a four-year-old cattle slaughtered in a
slaughterhouse, consuming barley straw, cracked barley,
and bran before morning feed. At this stage, a total of 40
bags were filled with 10 samples from each jar of silage
and 1 blind sample for each silage group, with 0.5 g silage
samples weighed and the bag sealed tightly. ANKOM
method (ANKOM 2002 Technology Corp., Fairport, NY)
was used with in vitro dry matter and organic matter
digestibility levels were calculated using the following
formula with the filter bag technique of Van Soest et al.
[22].
The following equalities were used for in vitro true DM
(IVTDMD) and OM digestibility (IVTOMD).
% IVTDMD = 100 – [ (W3- (W1 x C1)) × 100 ] / (W2
× DMFeed)
% IVTOMDDM = 100 – [(W4) × 100]/(W2 × % DMFeed)
W1 : tare of the bags
W2 : weight of sample
W3 : Nutrition amount in residue from NDF solution
(fitler bag + sample)
W4: organic material weight (calculated after inceration
of fitler bags contained sample)
C1 : Blind weight (empty bag weight after drying in the
oven after removal from NDF device / original bag weight)
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2.8. Microbiological analyses
The lactobacilli counts were determined by using MRS
agar, and yeasts and molds were enumerated on spread
plates of Yeast Extract Peptone Dextrose agar and Salt
Czapek Dox agar, respectively. Incubation was applied
30 °C for 2 days for lactobacilli, and 28 °C for 3–5 days
for yeast and mold, repectively. All counts for lactobacilli,
yeast, and mold were converted to the logarithm of colonyforming units (log cfu g-1) [23].
2.9. Statistical analysis
All data were performed by with one-way ANOVA using
the GLM procedure of SAS [24], and duncan’s multiple
range test was used at 5 % significant level [25].
3. Results
3.1. Chemical and microbiological content of fresh alfalfa
The chemical composition, WSC content, and lactobacilli
number of the fresh alfalfa are given in Table 1. The DM,
OM, CP, NDF, and ADF values for fresh alfalfa were 246.86
g kg–1 DM, 899.75 g kg–1 DM, 148.10 g kg–1 DM, 318.65 g
kg–1 DM, and 268.52 g kg–1 DM, respectively. The amount
of WSC and lactobacilli count were also 25.36 g kg–1 FM
and 3.31 cfu g–1 FM, respectively.
3.2. Nutritive value and in vitro digestibility of DM and
OM of silages
Effects of LP-RC1.4 inoculation with or without sucrose
on chemical composition, in vitro dry matter digestibility
(IVDMD), and in vitro organic matter digestibility
(IVOMD) values of silages samples are shown in Table 2.
The greatest DM loses was observed in the control silage
(5.5%), whilst the DM contents of the inoculated silages
with or without sucrose were similar to that of fresh alfalfa.
The bacterial inoculation with or without sucrose had
no significant impact on the CP content of alfalfa silage.
The inoculation of LP-RC1.4 starter culture reduced the

Table 1. The chemical composition, water-soluble carbohydrate
content and Lactobacilli number of the fresh alfalfa (g kg-1DM,
unless otherwise stated).
DM

246.80

OM

899.75

CP

148.10

NDF

318.65

ADF

268.52

WSC, g kg–1 FM

25,36

Lactobacilli, cfu g FM
–1

3.31

DM: dry matter, OM: organic matter, CP: crude protein, NDF:
neutral detergant fiber, ADF: acid detergant fiber, WSC: watersoluble carbohydrate, FM: fresh material.
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Table 2. Chemical composition (g kg–1 DM, unless otherwise stated) and in vitro digestibility (%) of the alfalfa silages.
Chemical composition
Treatments

DMǂǂ

Control

233.21

LP

In vitro digestibility

OM

CP

NDF

IVTDMD

IVTOMD

404.30

a

113.56

143.00

311.38

678.2

765.9c

237.20b

116.51bc

146.20

394.76a

304.73b

669.4

773.7ab

LP-S1

244.23a

126.74ab

150.45

361.88b

269.12c

681.8

776.0ab

LP-S2

247.81

128.83

151.43

330.24

247.76

689.7

788.0a

SEM

1.32

2.06

1.65

5.60

5.26

10.58

9.30

P

.000

.013

.258

.000

.000

.315

.051

b

c

a

a

ADF
a

b

c

ǂǂ:

Fresh alfalfa silage;
LP, silages treated with LAB alone (LP-RC1.4, 106 CFU per g–1 FM); LP-S1, silages treated with LAB (LP-RC1.4, 106 CFU
per g–1 FM) and sucrose (10 g/kg FM); LP-S2, silages treated with LAB (LP-RC1.4, 106 CFU per g–1 FM) and sucrose (20
g/kg FM). DM: dry matter, CP: crude protein, OM: organic matter, NDF: neutral detergent fiber, ADF: asit detergent
fiber, IVTDMD: in vitro true dry matter digestibility, IVTOMD: in vitro true organic matter digestibility. The difference
between values with different superscript letters (a-c) is statistically significant.
Table 3. pH values, fermentation products (g kg–1 DM, unless otherwise stated), water-soluble carbohydrates contents (g kg–1 DM) and
microbial counts (log 10 CFU per g FM) of alfalfa silage.
Fermentation products

Microbial counts

Treatments

pH
value

LA

AA

PA

BA

NH3-N
(g kg–1 TN)

WSC

LAB

Yeasts

Molds

Control

5.63a

24.56c

21.43

3.63

2.25a

78.32a

9.86d

5.51c

3.45a

2.03a

LP

5.38b

32.51b

24.85

4.45

1.50b

51.93b

10.92c

5.80b

2.97c

1.80c

LP-S1

5.23

a

40.92

23.78

4.22

1.21

47.52

13.21

6.08

b

3.11

1.91b

LP-S2

5.17c

46.05a

23.38

4.15

0.90c

42.23c

14.87a

6.12a

3.18b

1.98b

SEM

0.05

1.61

0.80

0.13

0.11

2.63

0.38

0.06

0.04

0.03

P

.000

.000

.329

.137

.000

.000

.000

.000

.000

.000

c

bc

bc

b

a

LP, silages treated with LAB alone (LP-RC1.4, 106 CFU per g-1 FM); LP-S1, silages treated with LAB (LP-RC1.4, 106 CFU per g–1 FM) and
sucrose (10 g/kg FM); LP-S2, silages treated with LAB (LP-RC1.4, 106 CFU per g–1 FM) and sucrose (20 g/kg FM). LA, lactic acid; AA,
acetic acid; PA, propionic acid; BA, butyric acid; NH3-N, ammonia nitrogen; TN, total nitrogen; WSC, water-soluble carbohydrates;
LAB, lactic acid bacteria; SEM, standard error of the mean; The difference between values with different superscript letters (a-c) is
statistically significant.

content of NDF in inoculated silages (from 404.30 g kg–1
DM in control alfalfa silages to 330.24 – 394.76 g kg–1 DM
for the inoculated silages) and the content of ADF (from
311.38 g kg–1 DM in control alfalfa silages to 247.76–304.73
g kg–1 DM for the inoculated silages). Decreases in NDF
and ADF content of alfalfa silages were more pronounced
in silage with added sucrose (p < 0.05).
The IVDMD of silages ranged from 678.2 g kg–1 DM
to 689.7669 g kg–1 DM, whilst the IVOMD were 773.7 g
kg–1 OM and 788.0 g kg–1 OM, respectively. The bacterial
inoculation with or without sucrose significantly increased
the IVOMD of silages in comparison to the control (p <
0.05).

3.3. Fermentation quality and microbial count of silages
The effects of the LP-RC1.4 starter culture inoculation
with or without sucrose on the pH value, fermentation
products, water-soluble carbohydrate contents, and
microbial counts of alfalfa silage are shown in Table 3.
The LP-RC1.4 inoculation with or without sucrose
significantly decreased the silage’s pH value (p <
0.05). Alfalfa ensiled without bacterial inoculant was
characterized by high pH value (5.63), while the bacterial
inoculation with or without sucrose had an important
impact on pH value reduction to the range of 5.17– 5.38.
The pH value reduction was more pronounced in silages
due to increased sucrose addition (p < 0.05)
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Table 4. Aerobic stability indicators (pH value, CO2 production, (g kg–1 dry matter, unless
otherwise stated) and microbial population) of the alfalfa silages at 5th days.
Microbial Population, CFU, g–1
Treatments

pH value

CO2

Lactobacilli

Yeasts

Molds

Control

6.08

2.87

3.65

a

4.27

2.22a

LP

6.01

2.03b

4.54a

4.11a

1.59b

LP-S1

5.97

1.92

4.64

b

2.52

1.70b

LP-S2

5.91

1.81b

4.72a

2.75b

1.68b

SEM

0.07

0.14

0.10

0.15

0.05

P

.857

.000

.000

.000

.000

a

b

b

a

LP, silages treated with LAB alone (LP-RC1.4, 106 CFU per g-1 FM); LP-S1, silages treated with
LAB (LP-RC1.4, 106 CFU per g–1 FM) and sucrose (10 g / kg FM); LP-S2, silages treated with
LAB (LP-RC1.4, 106 CFU per g–1 FM) and sucrose (20 g/kg FM). The difference between values
with different superscript letters (a-c) is statistically significant.

Also, other measured fermentation parameters of
alfalfa silages such as the content of organic acids, amount
of NH3-N were the least preferred for silages untreated
with the LP-RC1.4. The addition of starter culture with
or without sucrose increased the content of LA (from
24.56 g kg–1 DM in control to 32.51–46.05 g kg–1 DM for
inoculated silages). There was a numerical increase in the
content of AA and PA for inoculated silages compared to
those of the control. Also, the addition of starter culture
with or without sucrose reduced the BA content (from
2.25 g kg–1 DM in control to 0.90–1.50 g kg–1 DM for
inoculated silages). The addition of starter culture reduced
the NH3-N content (from 78.32 g kg–1 TN in control to
42.23–51.93 g kg–1 TN for the inoculated silages) and
increased the content of WSC (from 9.86 g kg–1 in control
to 10.92 g kg–1–14.87 g kg–1 for the inoculated silages). The
more pronounced WSC increase in sucrose silages was
expected.
The lactobacilli population was significantly increased
in the inoculated silages as 5.80, 6.08, and 6.12 cfu–1 g
compared to the control (5.51 cfu–1 g), respectively (p <
0.05). Moreover, a more pronounced increase in lactobacilli
counts was observed with the increase in sucrose addition
level (from 5.80 cfu g–1 FM in the silages prepared with
LP-RC1.4 alone to 6.08–6.12 cfu g–1 FM in the silage
added with 1 or 2 % sucrose, respectively). Alfalfa silages
prepared without any treatment were characterized by
higher amounts of yeast and molds compared to those of
the inoculated silages (p < 0.05). The addition of starter
culture reduced the amounts of yeast (from 3.45 cfu g–1
FM in control to 2.97–3.18 cfu g–1 FM for the inoculated
silages) and molds (from 2.03 cfu g–1 FM in control to
1.80–190 cfu g–1 FM for the inoculated silages ). It was
also determined that, in inoculated silages, increasing
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the sucrose level promoted lactobacilli count while it also
significantly suppressed the number of yeast and mold (p
< 0.05).
3.4. Aerobic stability indicators of silages
Aerobic stability indicators (pH, CO2 production, and
microbial population) of the alfalfa silages on the 5th days
are shown in Table 4. pH value did not change, while the
CO2 production of alfalfa silages was decreased from 2.87
g kg–1 DM in control to 1.81 –2.03 g kg–1 DM in inoculated
silages. While the excess lactobacillus count of inoculated
silages (4.54–4.72 cfu g-1 FM) maintained in comparison
to control silages (3.65 cfu g–1 FM), the yeast (from 4.27
cfu g–1 FM in control to 2.75–4.11cfu g–1 FM for inoculated
silages) and molds’ (from 2.22 cfu g-1 FM in control to
1.59–1.68 cfu g–1 FM for inoculated silages) numbers
were lower in inoculated silages in comparison to those of
control (p < 0.05), respectively.
4. Discussion
The formation of the desired silage fermentations depends
on the amount and type of epiphytic microorganisms, as
well as the DM content, buffering capacity and WSC of
the silage feed [26]. The average WSC of raw alfalfa was
lower than the 40–60 g/kg DM recommended by Mahanna
[27] as adequate for the occurrence of good fermentation
of silage. However, studies on alfalfa silage also reported
WSC between 10 and 40 g/kg DM [28]. The chemical
composition, WSC content, and the initial lactobacilli
number in the fresh alfalfa (Medicago sativa L.) used the
present trial were close in the values reported for alfalfa in
some previous studies [1,9,10]. In addition, the LAB counts
were lower than the minimum established by Muck [29]
(5.0 log cfu/g fresh weight) as adequate for the occurrence
of good fermentation of silage. In the present study, fresh
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alfalfa (Medicago sativa L.) was, therefore, inoculated by
LP-RC1.4 (106 cfu g–1 FM) with (1% or 2%) or without
sucrose to provide a good-quality silage fermentation.
In the study, the LAB may have controlled the early
active fermentation period, suppressing enterobacteria,
clostridia, and other microorganisms and, thus, reduce
proteolysis and fermentation DM losses [30]. The OM
content of silages has also increased. These results, which
were considered as a positive reflection of the high amount
of WSC and intensive LAB fermentation on the nutritional
properties of silage, were also important findings
indicating that the silage quality has improved. The results
were consistent with those of the previous studies where
the alfalfa silage was inoculated by LAB species and
supported by WSC [9, 31,32]. The reduction of CP content
during the fermentation process was due to the plant and
microbial proteolytic processes in the ensiled material,
which change the nitrogenous compounds in silages [33],
as not observed in our study. NDF is an indicator of the total
amount of feed the animal can consume. As the amount of
NDF increases, the amount of fiber increases the passage
rate in the digestive tract of the feeds, and it takes longer
to digest, so animals generally consume less feed [34].
ADF content of feeds is an indicator of the digestibility
of roughages, and the digestion degree of feeds with low
ADF content is higher [35]. In the present study, starter
culture inoculation with or without sucrose decreased the
content of NDF and ADF in silages compared to those of
control. The fact that cell wall carbohydrate fractions that
need their respective enzymes for digestion are treated
with silage microbial enzymes is an important advantage
of silage fermentation. The main reason for the decrease
in the amount of NDF and ADF of inoculated silages is
that this process was carried out by silage fermentation.
Indeed, Aksu et al. [36] and Baytok et al. [37] indicated that
decreases in the contents of NDF and ADF in inoculated
silages were caused by increased cell wall digestion due
to increased silage fermentation, which is supported by
inoculant and/or WSC. These results are in compliance
with those of previous studies where the alfalfa silage was
inoculated with LAB species and supported with WSC [9,
31,32]. In contrast, Zhanget al. [8] reported that LAB and/
or sucrose inoculation did not affect the content of NDF
and ADF in alfalfa silages. The main reason for the changes
in WSC content is that bacteria use these carbohydrates
as substrates for growth. This mainly results in lactic acid
synthesis [38]. As expected, the WSC concentrations of all
silages were reduced during the fermentation due to the
reduction of the inoculated silages content of ADF; the in
vitro DM digestibility tended to increase as well as the in
vitro OM digestibility increased remarkably in inoculated
silages as reported previously [39].

In this study, examined the LP-CR1.4 inoculant
contributed to the intensification of lactic acid fermentation
as it affected the decrease in the pH, the increase in lactic
acid content and the reduction in the content of butyric
acid in silage. as reported previously [9, 11]. Furthermore,
sucrose addition improved the fermentation process of
alfalfa silage, by indicating the better silage fermentation
[8, 9]. The pH value is considered as a very important
indicator for estimating fermentation profile and extent
of fermentation quality of ensiled materials [31]. The pH
values of inoculated silages were generally higher than that
of control silages, indicating that inoculating can induce a
better fermentation compared to uninoculated silages. It is
generally desired that the pH value be around 3.8 to 4.2 for
any quality silage, but this is usually not possible for silages
from legumes. It is difficult to bring the pH value below
5 for legume silages, especially with a relatively low DM
content [30]. However, in this study, while measured pH
values ranged between 5.17 and 5.38 for treatment groups,
it had 5.63 for control silage. Some researchers found that
inoculated alfalfa, corn or sorghum silages had lower pH
values than the control groups in their studies [40,41]. It
can be speculated that a low pH value of inoculated alfalfa
silage may be a result the efficiency of the strain of LAB used
in the experiment as reported previously [1,8,32]. The LA
production in quantity and LA rate in total acid produced
in silo are important parameters for evaluating feed value
of silage. In the present study, the increase in the content of
lactic acid in the silage inoculated with LP-RC1.4 due to the
increased amount of sucrose is associated with the support
of sucrose to the initial amount of WSC of the silage material.
Thereby, the activity of the LAB population was promoted.
Sucrose also increased the amount of AA and PA. Numerous
studies have reported that application of sucrose increased
the total fermentation acid content of the silages [28,42,43].
In the trial, LP-RC1.4 inoculation with or without sucrose
increased the lactic : acetic acid ratio of alfalfa silages.
These findings were consistent with the findings that L.
plantarum LP1 and LP2 [32] and L. plantarum L12FL5 [9]
strains increased the lactic : acetic acid ratio of alfalfa silage.
On the other hand, since the LABdominated the silage
process, the lower content of BA and NH3-N was formed
in the inoculated silages. Rapidly pH decrease and increased
acidification in inoculated silages may have reduced the
content of BA and NH3-N by preventing proteolytic activity.
This result may be related to suppression of the growth
of clostridia [32] due to high and rapid acidification in
inoculated silages [9] . Also, Rongrong et al [9] also reported
that the inoculation of L. plantarum with sucrose to alfalfa
silages significantly reduced the relative abundance of
Clostridia and Enterobacteria by promoting the LAB growth
and increasing the organic acids content of silages.
In the trial, dominance in the number of LAB in
inoculated silages was reflected as a noticeable suppression
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of the number of yeast and molds. Most forages are
habitats for yeasts and molds, but they are undesirable
microorganisms for silage. As reported in previous studies
[10,44], the addition of sucrose resulted in a relative decrease
in the number of yeast and molds while increasing the
number of lactobacillus. Lactic acid alone is not an effective
antimycotic agent. Thus, a dominant homolactic acid
fermentation may adversely affect aerobic stability [45,46].
Also, lactic acid can be used as a substrate for the growth of
yeasts during aerobic exposure [46]. In the present study,
the aerobic test (on the 5th day) of alfalfa silage showed
that LP-RC1.4 inoculated silages had less CO2 production.
However, the inoculated silages were heavier populated
with LAB and contained smaller numbers of yeasts and
mold compared to those of control in 5th day after silages
were opened. These findings were in agreement with the
findings of the researchers who indicated that L. plantarum
is an effective silage inoculum, especially with its dynamic
population increase, antibacterial and antifungal activity,
and decontamination of mycotoxin in silages [11,12,13,44].
On the other hand, acetic acid has a durable antifungal
property, and its high concentration may have increased
aerobic stability by depressing the growth of undesirable
microorganisms such as yeast and mold (literature).
Currently, in this study, the relatively higher acetic acid
content in the inoculated silages supported this report.

Consequently, the results of the study indicated that
inoculating of LP-RC1.4 alone (at 106 cfu g–1 FM) enhanced
the silage quality parameters and aerobic stability of alfalfa
silages. Furthermore, the supplementing inoculated silages
with sucrose (at 1 % and 2 % levels) improved the silage
quality parameters and aerobic stability more remarkably.
It was, therefore, concluded that the LP-RC1.4 inoculation
should be supported with at least 1 % sucrose in order to
observe a more dominant LAB fermentation in alfalfa silages.
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