
A
cc

ep
te

d
 A

rt
ic

le

This article has been accepted for publication and undergone full peer review but has not 
been through the copyediting, typesetting, pagination and proofreading process, which may 
lead to differences between this version and the Version of Record. Please cite this article as 
doi: 10.1111/jam.14083 
This article is protected by copyright. All rights reserved. 

MR. SIRAN  WANG (Orcid ID : 0000-0002-1990-550X) 
 
 
Article type      : Original Article 
 
 

Effects of storage temperature and combined microbial inoculants on 

fermentation end products and microbial populations of Italian ryegrass 

(Lolium multiflorum Lam.) silage 

 

Short Title: Combined lactic acid bacteria and their effects 

 

Siran Wang1, Zhihao Dong1, Junfeng Li1, Lei Chen1, Tao Shao1* 

 

1Institute of Ensiling and Processing of Grass, College of Agro-grassland Science, Nanjing 

Agricultural University, Nanjing, China 

 

*Correspondence  

Tao Shao, Institute of Ensiling and Processing of Grass, College of Agro-grassland Science, 

Nanjing Agricultural University, Nanjing 210095, China.  

Email: taoshaolan@163.com  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Abstract 

Aims: To examine five lactic acid bacteria (LAB) strains (LCG9, LTG7, I5, TG1 and LI3) 

isolated from the Tibetan Plateau, and evaluate their combined effects on the silage quality of 

Italian ryegrass (Lolium multiflorum Lam.) at three temperatures (10°C, 15°C and 25°C).  

Methods and Results: The isolated strains were evaluated by morphological, physiological 

and biochemical tests. Six combined inoculants LCG9+LI3, LCG9+I5, LCG9+TG1, 

LTG7+LI3, LTG7+I5 and LTG7+TG1 were added to Italian ryegrass for ensiling 30 days in 

laboratory silos (1L) at various temperatures, respectively. All the isolates could grow 

normally at 5-20°C, pH 3.5-7.0 and NaCl (3.0%, 6.5%). Compared to three corresponding 

controls, all the inoculants improved the silage quality of Italian ryegrass at different 

temperatures, indicated by markedly (P<0.05) higher lactic acid (LA) contents and ratios of 

lactic acid/acetic acid (LA/AA), and lower pH and ammonia nitrogen (NH3-N) contents and 

undesirable microorganism counts. At 10°C, LTG7+LI3, I5 or TG1 inoculants performed 

superior than LCG9+LI3, I5 or TG1 inoculants, evidenced by distinctly (P<0.05) higher LA 

contents and ratios of LA/AA, and lower pH and NH3-N contents. LTG7+LI3 or TG1 silages 

had obviously (P<0.05) higher LAB counts than LTG7+I5 silage at 10°C.  

Conclusions: Therefore, the combined inoculants LTG7+LI3 or TG1 are recommended as 

starter cultures for Italian ryegrass silage at low temperatures. 

Significance and Impact of the Study: Temperature is a key factor affecting ensilage. In 

cold regions, low temperature could be an adverse environmental condition during ensiling. 

However, few studies have focused on improving silage quality at low temperatures. 

Moreover, analysis of effects of combined LAB strains with their physiological and 
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