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Effect of Lactobacillus plantarum together with different concentration of
Chlorella on the varying proportions of barley and crimson silage quality were investigated
under field condition. After silage preparation, the contents of crude protein (CP), acid
detergent fiber (ADF), neutral detergent fiber (NDF), total digestible nutrient (TDN), in
vitro dry matter digestibility (IVDMD) and microbes such as lactic acid bacteria (LAB),
yeast and fungi counts, and fermentation metabolites such as lactic acid, acetic acid and
butyric acids were analyzed. The nutrient profiles were significantly (P < 0.05) varied
with respect to the concentration of Chlorella. Lactic acid bacteria counts were dominant
in  0.25% Chlorella  (6.99x 107 cfu g-1) in 100 % crimson and 4.74 and 2.88 x 107 cfu g-1 in
50% and 80% barley  silages, respectively. However the counts of yeast and fungi were
comparatively less. The pH ranged from 3.61-4.66 in all the prepared silages. Among the
organic acids, lactic acid concentration was higher (14.59%) ranged from 2.33 to 14.59 %
respectively. However, the amount of acetic acid and butyric acid was comparatively less
in all the silages. It is confirmed that addition of L. plantarum together with Chlorella is
most beneficial in barley and crimson silage preparation.
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Grasses and forages are the natural feeds
for ruminants. The production of forage depends
upon the season in many parts of the world, with
surplus available during harvest and depleted in
winter or in the summer season. Italian rey grass,
barley rey, alfalfa, crimson, rice and corn are
prepared for silages in many parts of the world,
and are widely used as feed for dairy cow and

Hanoo steers in Republic of Korea due to their
high nutritional value and high ûber content.
However, the preservation of forage crops as silage
depends on the production of sufficient acids such
as lactic acid, acetic acid and other volatile
components to inhibit activity of undesirable
microorganisms under anaerobic conditions. Lactic
acid bacteria (LAB) play a major role in the
preservation and maintaining the nutritive
properties of the silages by protecting it from the
undesirable microorganisms. Different species of
LAB are involved in the silage fermentation are
belonging to the genera Lactobacillus,
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Lactococcus, Pediococcus, Leuconostoc,
Enterococcus, and Weissella (Tohno et al., 2012).
Some of these LAB is  known to be obligatory
homo fermentative and can produce more than 90%
lactic acid from water soluble components  but are
unable to ferment pentoses, whereas, facultatively
hetero fermentative LAB can produce acetic acid,
ethanol, hydrogen and carbon dioxide in addition
to lactic acid. Obligately hetero fermentative
species can ferment both hexoses and pentoses
into the same end-product (Cai et al. 1999; Ennahar
et al. 2003; Giraffa et al. 2010). Among the
Lactobacillus, Lactobacillus plantarum, L. brevis,
L. casei, L. buchneri and L. pentosus are mainly
used in the preparation of silages. These
Lactobacillus strains are characterized by their acid
tolerance at pH values ranges from 3.5 – 4.0 at the
end of the silage fermentation stage (Weinberg
and Ashbell, 2003), whereas other unwanted
bacteria such as Clostridia or Enterobacteria
increase the pH value, with the acetic acid and
butyric acid in silage and hence producing
ammonia-N, amines, keto acids and fatty acids and
decreasing the nutritional value (Arasu et al.,
2013a; 2014a). The application of Lactobacillus
strains in silage preparation has an advantage of
its antimicrobial properties thereby inhibiting the
growth of the undesirable microorganisms. These
Lactobacillus strains also used to preserve the
aerobic stability of open silos and speed the
process of the secretion of organic acids such as
lactic acid which preserve the silages. The growth
of the LAB was achieved by the addition of growth
promoting components which are the cost
contributing in silage industry. Therefore, in this
study, the effect of Chlorella together with L.
plantarum on the nutritive values of barley and
crimson silages were evaluated.

MATERIALS AND METHODS

Collection and preparation of silage
Lactobacillus plantarum strain was

procured from Chung-Mi Bio Co., Korea. The strain
was cultivated in Man Rogosa and Sharpe agar
medium (MRSA) for 72 h at 30 °C. The observed
pure colony was grown in liquid culture medium
and stored in the lyophilized form for further
experiment. For, silage preparation, fresh barley
and crimson forage crops were harvested at the

flowering stage and chopped into 1.0–1.5-cm
pieces. The effect of L. plantarum on the forage
crops were studied by mixing different proportions
of the crops. Individually, one hundred grams of
barley, one hundred grams of crimson, fifty grams
of barley and fifty grams of crimson and eighty
grams of barley and twenty grams of crimson were
packed in an airtight bag. The lyophilized cells of
L. plantarum (2.18×105) [colony forming units
(CFU)/g sample], was dissolved in sterile water in
sterile bottle and mixed with different concentration
(0.25% and 0.5%) of Chlorella additive. The cells
with Chlorella were sprayed at the rate of 2.5 % of
fresh crops, and then sealed to prevent air flow.
Each control (without addition of strains and
Chlorella) and each of the samples with strains
were prepared in triplicate. The samples were stored
in underground and opened at 50 days post-
ensiling for the analysis of nutrients, microbial
counting and fermentation metabolites.
Analysis of nutrient composition

Physicochemical parameters like moisture
content (%), dry matter (DM), acid detergent fiber
(ADF), neutral detergent fiber (NDF), relative feed
value (RFV), ash content and biochemical
constituents like protein were evaluated by
standard procedure. Samples were ground to pass
through a 1mm sieve prior to analysis of nutritive
values. Approximately 100g of the sample was dried
at 70! for 3 days and weighed to determine the dry
matter content. An NDF and ADF content on an
ash-free basis was measured according to the
standard method (AOAC, 1990 Arasu et al., 2014b).
Determination of microbial population

Silage samples (10 g wet weight) were
transferred to 250 mL sterile flasks containing 90
mL sterile water. The suspension was kept in an
orbital incubator shaker at 150 rpm for 1 hr. After
incubation, ten-fold dilutions were prepared in
sterile water, and samples (0.1 mL) were plated on
selective media. LAB was enumerated on de Man,
Rogosa, and Sharpe agar (Diffco) and Bromocresol
purple blue agar medium and incubated at micro
aerobic condition at 30 ± 1°C for 3 d. Yeasts and
molds were enumerated on 3M petrifilm (3M
Microbiology Products, St.Paul, USA), and
following aerobic incubation at 30 ± 1°C for 3 d.
Coliforms (Enterobacteriaceae) were enumerated
on McConkey agar (Merck) after aerobic
incubation at 30 ± 1°C for 1 d. Fungi were
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Table 1. Nutrient composition of silage prepared using different ratio of whole crop barley and forage crimson.

Whole crop barley (100 %) Only Crimson (100 %)

Treatment CP3) ADF4) NDF5) TDN6) IVDMD7) CP ADF NDF TDN IVDMD
Percentage (%)

LAB-IN1) Control 8.34b 28.71 45.53 66.22 64.6 10.73b 28.92 37.02 66.05 79.09
CA2) 0.25% 10.10a 27.06 44.78 67.52 64.34 12.81a 28.5 35.09 66.39 79.29
CA 0.50% 10.63a 27.07 44.81 67.51 66.39 12.76a 22.97 32.78 70.75 82.34

 Whole crop barley (50%) & Crimson (50%) Whole crop barley (80%) & Crimson (20%)

CP ADF NDF TDN IVDMD CP ADF NDF TDN IVDMD
Percentage (%)

9.61b 30.72ab 49.81 64.63 64.54b 8.83c 32.42a 49.38a 63.29b 65.61b
10.72ab 31.24a 48.12 64.22 68.79ab 10.62ab 23.09b 39.49b 70.66a 71.26a
11.26a 28.06b 46.04 66.73 70.63a 11.22a 21.08b 34.85b 72.25a 73.27a

1) addition of Lactobacillus plantarum, 2) Chlorella, 3) CP, Crude protein, 4) ADF; Acid detergent fiber, 5) NDF; Neutral
detergent fiber, 6)TDN: Total digestible nutrient, 7)IVDMD: in vitro dry matter digestibility, Values in each column
followed by the same alphabets are significantly different by T-test at P < 0.05.

enumerated on Potato Dextrose agar (PDA) [4 g/L
of potato starch (Diffco), 20 g/L of starch (Diffco),
and 20 g/L of agar (Diffco)] following aerobic
incubation at 30 ± 1°C for 4 d.
Fermentation metabolites analysis

Water extracts of silage samples were
prepared immediately after arrival at the Institutes
by weighing 20 g of silage and 80 ml of deionized
water into a blender and homogenizing for 2 × 30 s.
The homogenate was kept in a refrigerator at 4°C
until centrifugation (8000 rpm at 4°C for 20 min).
The pH of the supernatant was measured after
centrifugation using a pH meter. Water extracts
were stored at “20°C with and without stabilization
with 5% meta-phosphoric acid (final concentration)
for the analysis of the metabolites. Fermentation
by product lactic acid content was analysed by
HPLC (HP1100 Agilent Co. USA). The contents of
acetic acid and butyric acid were analyzed by Gas
chromatography (GC-450, Varian Co., USA).
Statistical analysis

Numerical data obtained from the
experiment was expressed as standard error of mean
(mean ± SEM). Statistical difference between
control and experiments were analyzed by SPSS/
16 software hypothesis testing methods that
included the analysis of variance (one ANOVA)
followed by least significance difference test. P
values of less than 0.05 were considered to show
statistical significance.

RESULTS

Variation of nutrient profile in the silage
The changes in the nutritive values such

as CP, ADF, NDF, TDN and IVDMD were analyzed
between the control and different concentration
of Chlorella added samples of the prepared silages
(Table 1). The amount of CP was determined as
8.34, 9.61 and 8.83% for the control treatment and
10.1, 10.72 and 10.62% for 0.25% Chlorella treated
silages and 10.63, 11.26 and 11.22% for 0.5%
Chlorella treated silages respectively. The results
clearly revealed that the nutrient profiles were
significantly (P < 0.05) varied with respect to the
concentration of Chlorella. The average content
of ADF and NDF were comparatively higher in only
L. plantarum treated barley and crimson silage and
the contents of TDN and IVDMD were slightly
higher in Chlorella added silages.
Microbial contents of different silages

The results of microbial counts in different
combination of the silages are presented in Table
2. The results revealed that the counts of L.
plantarum were dominant in all the combination
of the silages. The highest number was noted in
100% crimson (6.99 ×107CFU/g) followed by barley
(6.92 ×107CFU/g) and barley and crimson
combinations (4.74 ×107CFU/g). The results were
significantly (P < 0.05) higher than the control
silages in all the treatments. Whereas, the counts
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of yeast and fungi were comparatively lesser than
the L. plantarum counts in the silages. Yeast cells
were dominant in 100% barley. The addition of
Chlorella significantly increases the counts of L.
plantarum in all the treatments, therefore, it is
confirmed that the Chlorella had influence in the
growth of microbes. Collectively, L. plantarum
might inhibit the growth of fungi, therefore, fungi
counts were less in the silages.
Fermentation metabolites of the silages

The fermentation metabolites of different
combination of the silages are shown in Table 3.
Compared to the control silage the L. plantarum
and Chlorella treated silages were well preserved
and showed the pH range between 4.02 to 4.6.
Control had the highest pH followed by the treated
forages. In the case of 100% of barley, crimson and
the mixed ratio the L. plantarum treatment had
significantly (P < 0.05) higher lactic acid
concentration, whereas the concentration of acetic
acid was comparatively lower in the control and
butyric acid concentration were significantly less.
The results concluded that the addition of different
concentration of Chlorella enhanced the
production of lactic acid which plays an important
role in the quality silage preparation.

DISCUSSION

The acidic nature of the silage is very
important for the successful preservation,
otherwise the spoilage microorganisms such as
fungi and other anaerobic bacteria dominate when
the crop moisture is relatively high, condition. The
acidic condition of the silage environment prevents
the survival of spoilage microorganisms because
they are less tolerant to the acidic conditions than
LAB (Cai et al., 1998; Gollop et al., 2005; Arasu et
al., 2013b). Literature claimed that in the early
fermentation stage, Lactococcus species, such as
Lactococcus lactis, Enterococcus faecalis,
Pediococcus acidilactici, Leuconostoc
mesenteroides, and Lactobacillus species such
as Lactobacillus plantarum and L. cellobioses
grow together with aerobic microorganisms like
yeasts, molds and aerobic bacteria. Under
anaerobic condition, Lactococcus and
Lactobacillus species population become
dominant to and secrete organic acid such as lactic
acid, acetic acid and succinic acid (Ohmomo et al.

2002).  The presence of LAB is not always large
enough, especially in some low WSC content and
high buffering capacity (Nakui et al. 1988). The
growth of LAB is mainly depends on the
environmental condition and the presence of
soluble carbohydrates together with the growth
enhancing substances. In the present study,
addition of L. plantarum strain together with
different concentration Chlorella played an
important role in the preservation of silage by its
enhanced high cell density growth pattern. As
shown in the results, after inoculation of LAB the
counts were comparatively increased at day fifty.
The increase in the total number of LAB confirmed
that the strain was able to use the carbohydrates
present in the grasses and ferment them to lactic
acid and acetic acid. The metabolite profiles of the
silage extracts were found to be highly dependent
on whether the grass was inoculated with a
Lactobacillus strain. Conversion of soluble
carbohydrates in forages to lactic acid results in
the lowest losses of dry matter and energy during
silage fermentation. Previous report claimed that,
good quality silage has little or no butyric acid.
Similar to this statement in the present study the
amount of acetic acid and butyric acid were
comparatively less.

In conclusion, inoculation of homo
fermentative bacteria L. plantarum together with
varying concentration of Chlorella enhanced the
nutritive values and silage fermentation, and its
counts were comparatively higher from the initial
inoculation, probably because this inoculant was
relatively homologous and had the antagonistic
property towards the epiphytic micro flora. In the
present study, the L. plantarum treated silage’s
were able to improve silage quality and
demonstrated that L. plantarum was more effective
to produce lactic acid and improve fermentation
quality in the silage environment.
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