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ABSTRACT

The aim of present study was to improve the quality of silage using lactic acid bacteria (LAB) and chlorella as a supplement. 
Italian ryegrass (IRG) mediated silage was prepared with lactic acid bacteria (L. plantarum) and different concentration of chlorella. 
We analyzed the nutritional profiles such as crude protein (CP), acid detergent fiber (ADF) neutral detergent fiber (NDF), total 
digestible nutrient (TDN) and in-vitro dry matter digestibility (IVDMD), microbial counts and fermentative acids such as lactic 
acid, acetic acid and butyric acid in the control and experimental silage after three months. It shows increased crude protein 
content and also maintains the rest of nutritional values as compared with control silage. LAB inoculation with chlorella as 
supplementation slightly reduced the pH of the silage. In addition, it increased the fermentative acids production as compared with 
control silage and inhibits the undesired microbial growth especially fungi in the silage. Therefore, we suggest that LAB 
inoculation and chlorella supplementation to the IRG mediated silage could be improved the nutritional quality of the silage which 
is an intrinsic feature for the application in the preparation of animal feeds and functional foods. 
(Key words : Lactic acid bacteria, Italian ryegrass, Nutritional values, Fermentative acids, Microbial inhibition)

Ⅰ. INTRODUCTION

Lactic acid bacteria (LAB) possess different kind of 
industrial and other applications. It plays an important role 
in the preservation of moist forages for animals. The basic 
principle of silage preparation is to store the silage for a 
long time without loss of their stability and nutritional 
values required for feeding the animals. The lactic acid 
bacteria produce the lactic acid which reduced the pH of 
silage and inhibits the proliferation of spoilage micro- 
organism’s because all most all the microorganisms are 
more susceptible to low pH. Plant soluble carbohydrates are 
main substrate for the lactic acid production from the LAB 
(McDonald et al., 1991ab). The major carbohydrates found 
in the forage crops are fructose, glucose, sucrose and 
frutosanas (Woolford, 1984), among these sucrose and 
frutosanas are quickly hydrolyzed in their monomers at 

forage harvest. Microbial inoculants often used as an 
additive to enhance the fermentation products and preserve 
the ensiled crops. Most commonly available inoculants are 
homofermentative lactic acid bacteria such as L. plantarum, 
E. faecium, P. acidilactici and P. pentosaceus and hetro 
fermentative bacteria are also sometimes used as inoculants 
for silage preparation because it produces the volatile fatty 
acids which restrict the microbial growth, which are 
activated upon the aerobic exposure of silage (Weinberg, 
2003). Microalgae are prokaryotic or eukaryotic photosynthetic 
microorganisms which convert sunlight and carbon dioxide 
to biomass that includes lipids, proteins and carbohydrates 
(Chisti, 2007) and also it contains pigments and anti- 
oxidants (Mata et al., 2010). Therefore, we planned to 
prepare the IRG mediated silage using L. plantarum and 
chlorella as a supplementation for improvement of nutritional 
quality of silage. 
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Ⅱ. MATERIALS AND METHODS 

1. Collection and preparation of silage 

IRG was harvested at flowering stage and packed in an 
airtight bag after chopping into 1.0~1.5 cm pieces. Silage 
was manufactured with the addition of fermentative additive 
containing L. plantarum procured from Chung-Mi Bio Co., 
Korea (CMBC). L. plantarum was dissolved by method of 
CMBC and mixed with different concentration (0.25% and 
0.5% of weight of fresh crops) of Chlorella additive and 
then sealed to prevent air flow. Each control (without 
addition of LAB strain and Chlorella) and each of the 
samples with strains were prepared in triplicate. Silage were 
stored in underground and opened after 3 months. The 
nutritive values, microbial counts and fermentative metabolites 
were analyzed.

2. Nutrient composition and analysis 

Acid detergent fiber (ADF) and neutral detergent fiber 
(NDF) were analyzed according to the method Van Soest et 
al. (1993). The content and crude protein was quantified by 
standard procedure (AOAC, 1990). The in vitro dry matter 
digestibility (IVDMD) was analyzed by method of modified 
Moore (1970) Total digestible nutrient (TDN) was calculated 
as follow; 88.9-(ADF% × 0.79). Samples were powdered and 
passed through a 1mm sieve prior to analysis.

3. Enumeration of microbial populations

Ten grams of wet silage samples were transferred into 
flasks containing 100 ml of sterile water. Then it was kept 
in an orbital incubator shaker at 150 rpm for 30 minutes. 
Followed by, made a tenfold serial dilutions with water 
according to the method of Miller and Wolin (1974). 100 μl 
of the sample was spread on selective media (Rogosa, and 
Sharpe agar (Diffco) and Bromocresol purple blue agar 
medium) for enumeration of LAB incubation under micro 
aerobic condition at 28 ± 1℃ for 4 days. Yeasts and molds 
were enumerated on 3 M petrifilm (3 M Microbiology 
Products, St.Paul, USA), and following aerobic incubation at 
28 ± 1℃ for 4 days. Fungi were 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 28 ± 1℃ for 4 days.

4. Analyses of fermentation metabolites

Weighing 20 g of silage and 80 ml of deionized water 
into a blender and homogenized for 2 × 30 sec. The 
homogenate was kept in a refrigerator at 4℃ until 
centrifugation (8000 rpm at 4°C for 20 min). The pH of 
the supernatant was measured after centrifugation using a 
combination electrode. Water extracts were stored at −20℃ 

with and without stabilization with 5% meta-phosphoric acid 
(final concentration). Fermentation byproduct lactic acid 
content was analyzed by HPLC (HP1100 Agilent Co. USA). 
The levels of acetic acid and butyric acid were analyzed by 
Gas chromatography (GC-450, Varian Co., USA) (Kristensen 
et al., 2007).

5. Statistical analysis

The experimental results data were statistically analyzed 
by T-test and two way ANOVA at p< 0.05 with the help 
of SPSS 11.5 version software package.

Ⅲ. RESULTS

We investigated the nutritional and quality improvement 
of IRG silage according to inoculation of lactic acid 
bacteria and chlorella as a supplement for IRG mediated 
silage preparation. Chlorella alone supplementation significantly 
improved the contents of crude protein as compared with 
control (p<0.05). However, the contents of ADF, NDF, TDN 
and IVDMD in supplementation of different concentration 
of chlorella and LAB inoculation were almost similar as 
compared with control (Table 1).

Table 2 represents the number of microbes in the IRG 
silage. Supplementation of two different concentration of 
chlorella and inoculation of LAB significantly increased 
number of the LAB counts as compared with control 
(p<0.05). Minimum numbers of yeast colonies were recorded 
in IRG silage inoculated with both chlorella and LAB. No 
fungi growth was observed in the prepared silage.  
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Table 1. Changes of nutritive value and in vitro dry matter digestibility on Italian ryegrass silage according to 
inoculation of lactic acid bacteria and chlorella 

LAB CA3) Con. CP4) (%) ADF5) (%) NDF6) (%) IVDMD7) (%) TDN8) (%)
Control 10.17 37.68 59.14 67.20 59.13 

NON-in1) 0.25% 11.56 34.86 58.39 67.33 61.36 
0.5% 12.84 37.16 57.94 67.23 59.54 

Control 10.32 38.03 58.21 67.64 58.86 
LAB-in2) 0.25% 11.92 39.41 65.15 66.87 57.77 

0.5% 13.63 38.20 59.36 67.21 58.72 
Main effect

NON-IN 11.52 36.57 58.49 67.25 60.01 
LAB-IN 11.96 38.55 60.91 67.24 58.45 

Subplot effect
Control 10.25c 37.86 58.68 67.42 59.00 

Chlorella 0.25% 11.74b 37.14 61.77 67.10 59.57 
Chlorella 0.5% 13.24a 37.68 58.65 67.22 59.13 

Main × Subplot Interaction NS9) NS NS NS NS
1) NON-in: Non-inoculation of lactic acid bacteria, 2) LAB-in: Inoculation of lactic acid bacteria, 3) CA: chlorella additive, 4) CP: Crude 
protein, 5) ADF: Acid detergent fiber, 6) NDF: Neutral detergent fiber, 7) IVDMD: in vitro dry matter digestibility, 8) TDN: Total digestible 
nutrient, 9) NS: not significant difference. a,b and c: Means with different letters within a column are significantly different at the 5% 
level.

Table 2. Changes of microbes on Italian ryegrass silage according to inoculation of lactic acid bacteria and 
chlorella

LAB CA3) Con.
LAB4)

(×107CFU5)/gram)
Yeast

(×104CFU/gram)
Fungi

(×104CFU/gram)
Control 104 14.50 0.00 

NON-in1) 0.25% 91.5 0.00 0.00 

0.5% 117.5 12.00 0.00 

Control 120 10.20 0.00 

LAB-in2) 0.25% 159 9.50 0.00 

0.5% 166 8.50 0.00 

Main effect

NON-IN 104.33 8.83 0.00 

LAB-IN 148.33 9.40 0.00 

Subplot effect

Control 118.50b 12.35a 0.00 

Chlorella 0.25% 118.75b  4.75b 0.00 

Chlorella 0.5% 141.75a 10.25ab 0.00 

Main × Subplot Interaction NS6) NS NS
1) NON-in: Non-inoculation of lactic acid bacteria, 2) LAB-in: Inoculation of lactic acid bacteria, 3) CA: chlorella additive, 4) Lactic acid 
bacteria, 5) CFU: Colony per unit, 6) NS: not significant difference.
a, b and c: Means with different letters within a column are significantly different at the 5% level.
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Table 3. Changes of pH and organic acids on Italian ryegrass silage according to inoculation of lactic acid 
bacteria and chlorella

LAB1) CA4) Con. pH Lactic acid 
(DM%)

Acetic acid
(DM%)

Butyric acid
(DM%)

Flieg’s 
score

Control 4.09 7.39 1.10 0.74 Excellent
NON-in2) 0.25% 4.02 7.78 0.88 0.16 Excellent

0.5% 4.73 8.04 0.90 0.40 Excellent
Control 3.70 10.21 0.15 0.04 Excellent

LAB-in3) 0.25% 3.73 10.25 0.63 0.08 Excellent
0.5% 3.80 10.21 0.55 0.05 Excellent

Main effect
NON-IN 4.28 7.74 0.96 0.43 
LAB-IN 3.74 10.22 0.44 0.06 

Subplot effect
Control 3.90 8.80 0.63 0.39 

Chlorella 0.25% 3.88 9.02 0.76 0.12 
Chlorella 0.5% 4.27 9.13 0.73 0.23 

Main × Subplot Interaction NS5) NS NS NS
1) NON-in: Non-inoculation of lactic acid bacteria, 2) LAB-in: Inoculation of lactic acid bacteria, 3) CA: chlorella additive,
4) NS: not significant difference.

The pH of IRG silage and their fermentative acid such 
as lactic acid, acetic acid and butyric acid production was 
presented in the Table 3. Chlorella supplementation along 
with LAB inoculation slightly elevated the pH of silage as 
compared with control. Lactic acid production was slightly 
higher in the chlorella alone and chlorella along with LAB 
inoculation as compared with control. The pH of the silage 
slightly increased in 0.5% chlorella alone supplemented 
silage as compared with control. The content of lactic acid 
in treatments of supplementation of two different concentration 
of chlorella and inoculation of LAB increased as compared 
with control. Among these acids, the maximum amount of 
lactic acid was produced by acetic acid and butyric acid. 

Ⅳ. DISCUSSION

Conserved forage indicates the major portion of diets for 
the ruminant and ensiling process offers an effective 
method of silage preservation. In the developing countries, 
the ruminant livestock sector is an important growing 
segment among the agriculture economy. Availability of 
forage base is a physiological priority for ruminants and 
economically important for the formers. Forage production 

is a seasonal in many parts of the world surplus available 
during the harvest time and deficient during winter or dry 
season. Generally, silages are very stable for a long time 
(Weinberg and Muck, 1996). Maintaining of nutritional 
values of silages during the storage period is important for 
ensiling process (Oude Elferink et al., 2000). The most 
important of silage is to prevent the undesired microbial 
activity because it spoils the nutritional quality of silage 
which can affect individual herd as well as fundamental 
implications for overall profitability. Therefore, LAB 
inoculation to the silage can improve the quality and 
stability of the silage for a long time (McDonald et al., 
1991ab). In present study, we investigate the inoculation of 
LAB and the supplementation of chlorella as a supplement 
for IRG mediated silage preparation, because chlorella 
provides a rich protein which is provide rich nutrition for 
ruminants and also IRG is an easily cultivable in Korea 
climate and also low cost. Therefore, we prepared the IRG 
mediated silage by ensiling method. Chlorella supplementation 
and LAB inoculation significantly improve the content of 
crude protein as compared with control silage. In chlorella 
treated silage, the contents of ADF, NDF, TDN and 
IVDMD contents are similar as a control. Microbial activity 
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such as LAB, yeast and fungi were analyzed, this result 
shows the addition of chlorella improve the LAB counts as 
compared with control silage. Minimum amount of yeast 
was recorded in the chlorella supplemented silage, but no 
fungi growth was observed in the silage.

The decline of the pH values inhibits the spoilage 
microorganism proliferation which preserves the quality of 
silage for a long time; the best silage forages are the ones 
with high soluble carbohydrate contents because of it 
promotes the fermentation and produces enough acid to 
preserve the silage. The minimum soluble carbohydrate 
contents recommended ensuring the enough fermentation of 
good silage (Ferreira, 2007). Present study, reduced the pH 
of the prepared silage after addition of LAB and chlorella 
as a supplement and increased the lactic acid production. 
Lactic acid production was dominant followed by acetic 
acid and butyric acid in the silage as compared with 
control. This is an important criterion for silage preparation 
because inhibition of undesired microbes is based on the 
fermentative acid production. 

Ⅴ. CONCLUSION

Improvement of nutritive values and reduction of 
undesired microbial growth in the silage is an added 
advantage for provides quality silage with good nutritional 
values. In this study, the nutritional values and quality were 
improved and the undesirable microbial growth was 
inhibited by additions of LAB and chlorella. Therefore, we 
suggest that inoculation of LAB along with different 
concentration of chlorella significantly improve the quality 
of silage. 
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