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ABSTRACT

The purpose of this study was to analyze the effectiveness of different storage periods of lactic acid bacteria (LAB)-fermented low 
moisture fresh rice straw silage. The low moisture fresh rice straw sample was inculcated with LAB and stored for different storage 
periods such as 45, 90, and 365 days, respectively. The low moisture fresh rice straw (LMFRS) silage inoculated with LAB exhibited 
reduction in pH throughout the fermentation as compared with the control (P<0.05). The lactic acid content was increased at the late 
fermentation period (90 and 365 days, respectively) in LAB inoculated LMFRS silage as compared with the control (P<0.05). In 
contrast, the acetic acid and butyric acid concentrations were slightly reduced in the LAB inoculated LMFRS silage sample at 90 and 
365 days fermentation, respectively. Meanwhile, the non-inoculated LMFRS silage showed higher amounts of acetic acid and butyric 
acid at an extended fermentation with low bacterial population as compared with the LAB inoculated LMFRS silage. However, lactic 
acid concentration was slightly high in the non-inoculated LMFRS silage at early 45 days fermentation. Additionally, the nutrient 
profile such as crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), and total digestibility nutrients (TDN) 
were not significantly different in control and LAB inculcated samples during all fermentation. Though, the microbial population was 
greater in the LAB inoculated LMFRS silage as compared with the control. However, the massive population was noted in the LAB 
inoculated LMFRS silage during all fermentation. It indicates that the inoculated LAB is the main reason for increasing fermentation 
quality in the sample through pH reduction by organic acids production. Overall results suggest that the LAB inoculums are the 
effective strain that could be a suitable for LMFRS silage fermentation at prolonged days.
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Ⅰ. INTRODUCTION

Rice cultivation produces large quantity of fibrous crop 

residues of which only 25% utilized for renewable energy by 

industrial and domestic purposes in Japan (Cai et al., 2003). In 

especially Southeast Asia among many developing countries, 

the rice straw is using as a feed ingredient for the ruminants 

(Stundtol and Owen, 1984; Kim et al., 2004; Choi et al., 

2015). However, due to its low nutritional value and high level 

of lignin and silica, there is limitation to its digestibility and 

feed value (Oladosu et al., 2016). Presently, to improving the 

rice straw quality various additives were used that increases 

crude protein (CP) content and fermentation quality. Though, 

the palatability of rice straw for ruminants is low due to the 

less dry matter content, hollow stems and small amount of 

epiphytic lactic acid bacteria (Li et al., 2010). However, it is 

difficult to make good silage from fresh rice straw due to low 

water soluble carbohydrate (WSC) content at fibrous stems, 

and less proliferation of epiphytic lactic acid bacteria (LAB) in 

rice straw crop residue (Kim et al., 2017). 

LAB strains are the most common biological additives used to 

efficiently ferment forage crops with enhanced their nutritional 

quality (Hu et al., 2015; Dogi et al. 2015; Wu et al., 2014; 

Valan Arasu et al., 2014; Valan Arasu et al., 2013). The 

homofermentative LAB strains such as Lactobacillus plantarum, 

Enterococcus faecium, and Pediococcus spp. are enhance the 

lactic acid fermentation with feed value of silage (Muck et al., 

1991; Ahn et al., 2007; Srigopalram et al., 2017). Inoculation 

of LAB can helps decrease pH faster, lower the final pH value, 

increase lactic acid content, and decrease NH3-N in low moisture 

fresh rice straw (LMFRS) silage (Kim et al., 2004).

Forages for ruminant are preserved for storage in the form 
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of hay, haylage (low moisture silage), or silage. In general, 

silage has a moisture content of more than 40 %. However, 

haylage has a moisture content of between 35 to 60 % (wet 

haylage containing between 50 and 60%, dry halyage containing 

between 35 and 50%). Recently, Korean livestock farmers are 

highly interesting in halyage manufacture, even though they 

were used high moisture silage as forage for ruminants. 

Therefore, the objective of this study was to investigate the 

fermentation characteristic of LAB-inoculated LMFRS silage 

and their chemical profile at different storage period was evaluated.

Ⅱ. MATERIALS AND METHODS

1. Sample collection and preparation of LMFRS silage

Rice was grown and harvested at the ripening stage in National 

Institute of Animal Science, Grassland farm, Seonghwan-eup, 

Korea in November 2018. Further, low moisture fresh rice 

straw dried at field for 6 hrs to make moisture between 50-60% 

and chopped into small pieces approximately 1-1.5cm. Then, 

the low moisture fresh rice straw were prepared for silage 

including control (without LAB), and LAB inoculants (Top 

haylage private limited, Jungnong Bio Inc, South Korea). The 

LAB inoculants was dissolved in sterile deionized water and 

sprayed onto LMFRS sample (2g/1 ton of forage material) and 

then mixed thoroughly by automated machine. Control was 

sprayed with deionized water at an equivalent rate. After that, 

200g of low moisture fresh rice straw mixture was vacuum-packed 

in 28×36cm polyethylene bags with 3 replicates for each treatment, 

and stored at ambient temperature for different incubation time 

(45, 90 and 365 days) (Choi et al., 2015, Srigopalram et al., 2015).  

2. Fermentation characteristics and chemical composition 
of LMFRS silage samples

The silage cover was opened after respective incubation period 

(45, 90 and 365d) completion and immediately measured the 

pH and organic acids concentrations of rice straw samples. 10g 

rice straw sample was blended with 90 ml of sterile deionized 

water, and kept at shaker in 80 rpm for 6 hrs at 4°C. Further, 

the homogenate was filtered through whatman no.1 filter paper. 

The filtrate was used to determined pH using a glass electrode 

pH meter (WTW Inolab pH 7110 Xylem Analytics Inc., Germany). 

In addition, the filtrate was serially diluted and used for microbial 

colony counting by automatic quantum total cell staining kit 

(Quantom Tx Microbial cell counter, Logos biosystems, Korea). 

10µl of serially diluted silage sample was mixed with 1µl cell 

staining dye (membrane permeable fluorescent dye that can 

stain only bacterial nucleic acids in live cells) and 1µl of cell 

staining enhancer and then incubated for 30 min for enhancing 

the fluorescence staining. Then, add 8µl cell loading buffer I 

and mix well without bubbles. Further, the mixture (6µl) was 

load into a Quantum M50 cell counting slides. The slides carefully 

centrifuge at 300RCF for 10min in a Quantum centrifuge and 

count the sample slides with a Quantom Tx with the light intensity 

level. For assessment of organic acid concentrations, the filtrate 

(5 ml) was centrifugation at 10,000 ×g, for 15 min at 4°C. The 

supernatant was analyzed for lactic acid (LA), acetic acid (AA) 

and butyric acid (BA) in the LMFRS silage. The concentrations 

of LA, AA and BA were determined by high performance 

liquid chromatography–diode array detector (C18 column, Agilent 

HPLC 1100, column temperature at 35°C; mobile phase 0.1mM 

phosphoric acid solution; flow rate 0.7ml/ min; DAD detector 

240 nm; 10 μl sample volume) (Marsili et al., 1981). And then, 

Silage grade was calculated by methods of Saricicek et al. 

(2016). 

All the silage samples were analyzed for their chemical 

composition. LMFRS silage samples were dried at 60°C for 5 

days and then ground using cyclone mill to pass through a 1 

mm screen for nutritive value analyses. Acid detergent fibre 

(ADF) and neutral detergent fiber (NDF) determined according 

to the methods of Van Soest et al. (1991) and total digestible 

nutrients (TDN) were calculated according to following equation 

(TDN=88.9-(ADF%*0.79). Crude protein (CP) was determined 

according to the method previously published by Association 

of Official Analytical Chemists (AOAC, 1990).

3. Statistical analyses

The obtained silage results were evaluated by t-test analysis 

using SPSS software, ver.12.0 (VA, USA) and significant was 

set at p value less than 0.05. All these analyses were performed 

triplicate.
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Ⅲ. RESULTS AND DISCUSSION

1. The nutritional quality of LMFRS silage among different 
storage periods

The present study, LAB-inoculated LMFRS silage had relatively 

higher lactic acid content (p<0.05) in all fermentation (storage) 

period compared with non-inoculated LMFRS silage except 45 

days fermentation period. The acetic acid (AA) concentration 

decreased significantly (p<0.05) except for 365 days in LAB- 

inoculated LMFRS silage, while butyric acid (BA) concentration 

two fold increased in LAB-inoculated LMFRS silage sample at 

90 days incubation period and later slowly decreased the 

production (365 days). LAB-inoculated LMFRS silage steadily 

increase lactic acid concentration in all storage period compared 

with control as shown on data of LMFRS silage stored for one 

year. The low pH value in LAB-inoculated silage prevents the 

undesirable microorganism growth such as yeast, molds etc. 

This result in agreement with that reported rice straw fermented 

with fermented juice of lactic acid bacteria increased the crude 

protein content of LMFRS silage (Sulistyo et al., 2019). Table 

1 shows the nutrient profile and microbial population in LAB- 

inoculated and non-inoculated LMFRS silage at different storage 

period. The massive microbial population was noticed in 

LAB-inoculated silage than control sample, due to that the fast 

reduction of pH and higher amount of organic acid production 

in the LAB-inoculated silage. 

2. The fermentation quality of LMFRS silage among different 
storage periods

In addition, there were no significant difference was observed 

in the CP, ADF, NDF and TDN profile (Table 2). Table 2 shows 

the chemical composition of LAB-inoculated and non-inoculated 

LMFRS silage at different storage period. Both LAB-inoculated 

and control had the almost similar CP, ADF and TDN values 

while control has lowest CP and NDF, but there was no significant 

difference in the nutrient profile of LAB-inoculated LMFRS 

silage and control. Similarly, Ki et al. (2017) reported LMFRS 

silage contained the lowest CP, NFC, and TDN, but the 

highest ADF, indicating that it is least nutritious among the 

tested forages. 

The inoculation of Lactobacillus (L. plantarum and S. bovis) 
in LMFRS silage improved the silage quality (e.g high CP 

content) and fermentation characteristic (e.g. increase in production 

of lactic acid and acetic acid) in the silage. In addition, analysis 

of rumen microbial community showed significant increases 

population of cellulolytic bacterial protozoa, methanogens and 

archaea among the LAB treatments as compared with control 

(Oskoueian et al., 2019). Li et al. (2017) studied the rice straw 

silages ensiled alone and mixed-material silages (PR (paddy 

rice straw) + SP (sweet potato vines), UR (upland rice straw) 

+ SP) showed higher fermentation quality with lower propionic 

acid content, NH3-N ratio of total N, and higher concentrations 

of lactic acid and acetic acid. The ensiling would be an effective 

way of utilization of rice straw and sweet potato vines to 

Treatments
Storage Period 

(days)

Moisture 

(%)
pH

LAB1)

(×107CFU/g)

Lactate 

(%/DM)2)

Acetate 

(%/DM)

Butyrate 

(%/DM) 

Flieg′s  

score

Control 45 49.39 5.97a 1.70 b 0.00 b 0.28 a 0 50

LAB 51.97 4.42b 4.57 a 2.54 a 0.15 b 0 100

Mean 50.68 5.20 - 1.27 0.22 0 -

Control 90 55.05 4.57a 2.70 b 1.27 b 0.71 a 0.78 a 41

LAB 55.34 4.00b 3.67 a 2.26 a 0.22 b 0.20 b 78

Mean 55.20 4.29 - 1.69 0.47 0.49 -

Control 365 58.36 4.61a 0.35 b 1.27 b 0.05 0.05 76

LAB 58.31 4.21b 3.25 a 2.57 a 0.03 0.03 100

Mean 58.34 4.41 - 1.92 0.04 0.04 -
1) LAB: Lactic acid bacteria (Top silage inoculants), 2)DM: Dry matter content 
a,b Means followed by different lowercase letters in the same column differ (p<0.05).

Table 1. Fermentation characteristics and microbial population in LAB-inoculated LMFRS silage at different storage periods
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improve rice straw fermentation quality with low water soluble 

carbohydrate content.

In addition, Mbiriri et al. (2012) reported the rice straw 

silage (RSS) maintained higher pH values than the other forage 

sources (IRG and corn silage). A declining pH trend with 

increased time of incubation, in agreement with literature, was 

observed for all forage sources. Lee et al. (2018) studied among 

five strains Lactobacillus plantarum CMRT, L. Leuconostoc 
mesenteroides M17, L. sakei C11, M5, SP2) M17 strain is a 

suitable substitute for to generate high quality rice straw silage 

based on odor, pH, CP, total organic acid, and feed value of 

the fermented rice straw silage. Also, Santoso et al. (2014) 

carried out the study addition of LAB inoculant in silage increased 

lactic acid concentration, in vitro digestibility and fermentation 

quality of rice straw silage. Furthermore, Zhang et al. (2010) 

compared with whole-plant rice straw silage (WRS), chopped 

rice straw silage (CRS) that WRS dramatically reduced pH and 

increased the contents of lactic acid and total organic acids. 

The CP, NDF and ADF content of CRS was 13.4, 5.9 and 

10.2% lower than in WRS, respectively.

Ⅳ. CONCLUSION

Overall, using of LAB inoculums on fermentation period 90 

and 365 days could increased fermentation quality of LMFRS 

silage including decreased of pH value, increased lactic acid 

content and microbial population. Prolonging the fermentation 

period from 90 to 365 days did not show any differences or 

advanced increases of CP, ADF NDF, TDN and dry matter 

content. Hence, the LMFRS silage inoculated with LAB has 

longer incubation period potent lactic acid production than 

shorter fermentation time and it is good strategy for ensiling 

of LMFRS. Also we should consider the LAB application and 

rice varieties of the crop residues and other factors (moisture, 

WSC content and temperature) may influence the LMFRS 

fermentation. Finally, LAB inoculums could improve the silage 

fermentation of LMFRS though they even contain low 

fermentable WSC and dry matter content. 
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Treatments Storage Period (days) CP2) (%) ADF3) (%) NDF4) (%) TDN5) (%)

Control 45 4.48 42.61 68.96 55.24

LAB1) 4.58 41.72 69.05 55.94

Mean 4.53 42.17 69.01 55.59

Control 90 4.45 42.14 68.83 55.61

LAB1) 4.48 42.61 69.06 55.24

Mean 4.47 42.38 68.95 55.46

Control 365 4.42 41.85 69.07 55.84

LAB1) 4.25 41.78 69.41 55.89

Mean  4.34 41.82 69.24 55.87 
1) Lactic acid bacteria (Top silage inoculants), 2) CP: crude Protein,3) ADF: Acid Detergent Fibre; 4) NDF: Neutral Detergent Fibre; 5) TDN: 
Total Digestible Nutrients.

Table 2. Chemical composition of LMFRS silage at different storage periods
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