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Abstract 

The main objective of this review is to investigate the effects of temperature of fermentation environment, chopped length 
of the forages and fermentation period on the quality of silage. The problem in this agricultural research industry is that 
there is a lack of interest in doing the investigation by cross-relating other available knowledge in this field. Fermentation 
process of silage can also apply the concept of chemical processing by investigating the parameters related to the process, 
like those mentioned above.  From this review, it was found that temperature and chopped length do not significantly 
affect the quality of silage produced but the fermentation period must be considered as a crucial parameter. 
Recommendation is that further investigation on fermentation period by different type of forage must be considered and 
the effect of additive on the completion of fermentation process must also be investigated in order to save time, cost and to 
optimize nutrient content in silage. 
 
© 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society 
 
Keywords: Chopped Lengths, Fermentation period, Silage, Temperature 

1. Introduction 

Normally each country feeds their cows differently and the same applies to Malaysia.  Thus, it is essential 
to suggest new formulation for cow’s feed that is suitable with Malaysia’s environment. Malaysia Agriculture 
and Agro Department is aware that Malaysia has to minimise dependence on imports of livestock feed and 
should lessen the impact of the global food crisis by 2020 (1). Therefore, the cow feed industry in Malaysia 
really needs more improvements.  
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In European countries like Netherland, Germany and Denmark, ensiled forages are highly valued as animal 
feed. More than 90% of the forages such as maize, grasses, legumes and wheat are locally produced and 
stored as silage (2).The ensiling process is a preservation of moist forage crops under anaerobic condition to 
enhance the nutrient content. As a result, pH will decrease and the moist forage is preserved from spoilage 
microorganisms. The technique is safe and easy to use; does not pollute the environment; and the products are 
regarded as natural products (3). Currently in Malaysia, some farmers do realize about the advantages of using 
silage as the main feed. However, the technology still cannot convince other farmers to use silage instead of 
other types of cow feed. In order to preserve the nutritional quality of the silage, certain essential conditions 
need to be met during the storage process. Roughly speaking, the factors are like the stage of maturity of the 
forage at harvest and the type of fermentation that occurred in the silo or bunker which will slightly affect the 
quality of the silage product. In detail, the forage used must have high concentration of water soluble 
carbohydrates (WSC); low buffering capacity; and dry matter (DM) content of about 250-400g/kg for proper 
ensiling process (4). Higher residual of WSC content indicates smaller DM losses during fermentation and 
produces better silage. In chemical processing perception, parameters related to the ensiling/fermentation 
process must also be considered, for example temperature, air content, chopped length of forages, 
fermentation period, moisture content and pH. Thus, the main objective of this review is to investigate the 
effects of temperature of fermentation environment, chopped length of the forages and fermentation period on 
the quality of silage produced through reviewing some research done in this field. 

2. Effects of Temperature during Fermentation on Silage Quality 

The success of fermentation of silage is closely related to the environment during the process. Therefore, it 
is important to determine how temperature will control the silage quality produced. Table 1 shows some 
investigations on various type of silage product (9, 10, 4, 3, 11, 12, 13, 14, 15). The temperature used is 
almost significantly different from each other. Commonly, ambient temperature was used and this might be 
caused by the fact that the researchers wanted to make the process easier and faster and also to save energy 
and equipment. These assumptions will not be further investigated and clarified in this review.  Based on the 
research results, temperature affects the performance of microbiology additive used such as Lactic Acid 
Bacteria (LAB) in the ensiling process. Without any additive, well-fermented silage was obtained at 40°C 
because higher temperature depressed the activities of microorganisms as it was unfavorable for silage 
fermentation but with LAB additive, the quality of silage was reduced even if fermented at 40°C because 
LAB would be killed under high temperature (5). Other additive used like sardine waste is also highly 
dependent on the temperature of fermentation process.  From present day studies, ensiling of sardine waste as 
additive can be realized at ambient temperature at several areas of the world but with different pH of silage 
produced (6). It can be concluded that the temperature of ensiling process will affect the quality of silage due 
to the additive used in the silage. 

3. Effects of Chopped Length of Forage on Silage Quality 

The effect of chopped length size on silage had been poorly investigated and most studies were performed 
using precisely chopped crops. Similar to the human digestion system, chopped or chewed food will help the 
digestion system to absorb nutrient from that food more efficiently in the intestinal track. Some research that 
have been done in the silage field are presented in Table 1, it should be noted that the effect of chopped length 
was not taken seriously by researcher (9, 10, 4, 3, 11, 12, 13, 14, 15). Most researches were carried out as long 
as the forage was chopped.  Unchopped silage can be attributed to long awns associated with grain. It will 
increase fiber concentration and reduce feed intake and performance of cattle, especially young cattle (7). The 
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chopped length also has a significant relationship with maturity of the forage harvested. Chopped length does 
not induce large difference in starch particle size distribution at the early maturity state. Late harvest of 
unchopped forage will give lower starch ruminal digestion (8). The size of forage chopped will give high 
impact on the effectiveness of the silage formulated. Besides that, it also depends on the type of forage taken 
as a raw material. By comparing grass and straw, the texture of the plant is different and thus gives different 
digestibility. Meaning to say that if the chopped length of grass is larger than straw, it will possibly give the 
same effectiveness in the digestion system of a cow. 

Table 1. Comparison of Temperature, Chopped Length and Fermentation period used in Various Type of Silage 

Type of Silage Temperature 
(K) 

Chopped 
Lengths (cm) 

Fermentation 
Period (day) 

 Crude Protein Content (%) 

  

    UTS TS 

Rice Straw (9) 35 0.7 3-5 4.2 7.2 

Maize (10) 20 1 60 9.8 10.4 

Potato Skins (4) 24-28 - 90 10.7 13.9 

Wheat (3) 23-27 1.5 65 13.8 NF 

Sorghum Straw (11) ambient 0.2 60 7.6 8.19 

Potato Hash (12) 22-25 - 90 16.4 17.1 

Grass (13) 21 - 105 12.6 14.7 

Ruzigrass (14) 27-30 2-3 45 4.94 5.02 

Italian Ryegrass (15) 24 - 60 12.3 12.1 

      

UTS; untreated silage, TS; treated silage 

4. Effect of Fermentation Period on Silage Quality  

Quality silage is achieved when the fermentation process completed well. It occurs when lactic acid is the 
predominant acid produced, and thus will drop the silage pH quickly. The faster the fermentation is completed, 
the more nutrients will be retained in the silage (16).  From Table 1, most of researchers used 60 days 
fermentation period (9, 10, 4, 3, 11, 12, 13, 14, 15). Rice straw gave the lowest fermentation period and the 
protein content was also the lowest because the carbohydrates did not complete the degradation process yet. 
The others just took extra days to ensure the fermentation process was completed. It shows that fermentation 
period is a crucial parameter in producing good silage. The mechanisms of fermentation process must be 
investigated well to ensure that the fermentation period chosen can complete the process.  Table 2a (2) and 2b 
(16) present the two different mechanisms occur in fermentation process as disclosed by two different 
research. Table 2a shows four phases of fermentation process including aerobic, fermentation, stable and feed 
out. Table 2b gives more detailed information which categorizes the fermentation process into six phases. 
Both investigations look similar but the important point here is that each phase must be completed and 
handled well to get good silage. The critical time during the ensiling process and how many days will it 
require for the full completion depend on the type of silage and additive used. Normally, 60 days of 
fermentation period will make it safe, but the effect of longer or shorter fermentation must also be considered 
to save the time, cost and optimize the nutrient content in the silage.  
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Table 2a. Silage fermentation stages and their mechanisms 

Stages Phases name Time taken Mechanisms 

1 Aerobic   A few hours Atmospheric oxygen present between the 
plant particle reduced due to respiration 

2 Fermentation Several 
days/weeks 

LAB develop and become predominant 

3 Stable As long as air 
prevented 

Most microorganisms decrease  

4 Feed out/ 

Aerobic Spoilage 

Starts as soon 
as silage 
exposed to air 

Process of spoilage started by yeast, 
temperature change and activity of spoilage 
microorganisms 

Table 2b. Silage fermentation stages and their mechanisms 

Stages Phases name Time taken Mechanisms 

1 Aerobic 2 days Breakdown of plants protein and reduce to 
amino acids 

2 Anaerobic fermentation 2-3 days Growth and development of acetic acid  

3  Brings Phase 2 to and end 3-4 days Enhances the growth and development of 
anaerobic group of bacteria and produces 
lactic acid 

4 Lactic acid formation 4-21 days Lactic acid begin to increase until pH is low 
enough to inhibit growth of bacteria 

5 Material Storage 21 days Large population of bacteria may grow and 
produce butyric acid instead of lactic acid 

6 Aerobic decomposition Starts as soon 
as silage 
exposed to air   

High population growth of yeast or mold. 
Proper management is vital 

5. Conclusion 

The problem occurs in the related agricultural industry is a lack of interest in doing the investigation by 
cross-relating other knowledge in this field. The fermentation process of silage can also apply the concept of 
chemical processing by investigating the parameters related to the process like temperature, chopped length of 
the forage and fermentation period. From this review, temperature and chopped length are less significant in 
determining the quality of silage produced but the fermentation period is a crucial parameter. Thus, it is 
recommended that further investigation on fermentation period taken by different types of forage must be 
considered and the effect of additive also must be investigated. 

Acknowledgements 

The Universiti Teknologi Malaysia is thankful for the grant given by Dr. S.H. Mohd Setapar’s project 
(Q.JI3000.7125.00H02) under Research University Grant Scheme, part of which enabled this review article to 
be prepared. We are grateful for the contribution of all people involved in this paper preparation. 



103 S. H. Mohd-Setapar et al.  /  APCBEE Procedia   3  ( 2012 )  99 – 103 

References 

[1] Malaysia To Minimise Dependence On Imports Through Reciprocal Investment. In Bernama, Edition Malaysia: Malaysia 
National News Agency 2011. 

[2] Elfrink SJWHO, Frank D, Jan GC, Sierk SF. Silage Fermentation Processes and Their Manipulation. In FAO Electronic 
Conference on Tropical Silage, Edition Netherlands: Food Agricultural Organization 2000; 1-28. 

[3] Filya I, Ashbell G, Hen Y, Weinberg ZG. The effect of bacterial inoculants on the fermentation and aerobic stability of whole 
crop wheat silage. Animal Feed Science and Technology 2000; 88: 39-46. 

[4] Nkosi BD, Meeske R. Effects of ensiling totally mixed potato hash ration with or without a heterofermentative bacterial 
inoculant on silage fermentation, aerobic stability, growth performance and digestibility in lambs. Animal Feed Science and Technology 
2010; 161: 38-48. 

[5] Ohshima M, Kimura E, Yokota H-o. A method of making good quality silage from direct cut alfalfa by spraying previously 
fermented juice. Animal Feed Science and Technology 1997; 66: 129-137. 

[6] Zahar M, Benkerroum N, Guerouali A et al. Effect of temperature, anaerobiosis, stirring and salt addition on natural 
fermentation silage of sardine and sardine wastes in sugarcane molasses. Bioresource Technology 2002; 82: 171-176. 

[7] Rustas BO, E. N. Chopping of Whole-Crop Barley Silage Improve Intake and Live Weight Gain of Young Dairy Cattle. 
Livestock Science 2011; 141: 80-84. 

[8] Fernandez I, Nozière P, Michalet-Doreau B. Site and extent of starch digestion of whole-plant maize silages differing in maturity 
stage and chop length, in dairy cows. Livestock Production Science 2004; 89: 147-157. 

[9] Han YW. Microbial Fermentation of Rice Straw : Nutritive Composition and In Vitro Digestibility of the Fermentation Products. 
American Society for Microbiology 1975; 29: 510-514. 

[10] Sun ZH, Liu SM, Tayo GO et al. Effects of cellulase or lactic acid bacteria on silage fermentation and in vitro gas production of 
several morphological fractions of maize stover. Animal Feed Science and Technology 2009; 152: 219-231. 

[11] Xing L, Chen LJ, Han LJ. The effect of an inoculant and enzymes on fermentation and nutritive value of sorghum straw silages. 
Bioresource Technology 2009; 100: 488-491. 

[12] Nkosi BD, Meeske R, van der Merwe HJ, Groenewald IB. Effects of homofermentative and heterofermentative bacterial silage 
inoculants on potato hash silage fermentation and digestibility in rams. Animal Feed Science and Technology 2010; 157: 195-200. 

[13] Jal  D, Lauková A, Váradyová Z et al. Effect of inoculated grass silages on rumen fermentation and lipid metabolism in an 
artificial rumen (RUSITEC). Animal Feed Science and Technology 2009; 151: 55-64. 

[14] Bureenok S, Suksombat W, Kawamoto Y. Effects of the fermented juice of epiphytic lactic acid bacteria (FJLB) and molasses 
on digestibility and rumen fermentation characteristics of ruzigrass (Brachiaria ruziziensis) silages. Livestock Science 2011; 138: 266-271. 

[15] Islam M, Enishi O, Purnomoadi A et al. Energy and protein utilization by goats fed Italian ryegrass silage treated with molasses, 
urea, cellulase or cellulase + lactic acid bacteria. Small Ruminant Research 2001; 42: 49-60. 

[16] Schroeder JW. Silage Fermentation and Preservation. In Edition South Dakota: North Dakota State University 2004; 1-9. 
 


