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Abstract 

 

This study was conducted to compare nutritional worth of maize (Zea mays), sorghum (Sorghum bicolor) and millet 

(Pennisetum americanum) silages. These fodders were manually harvested and then preserved in laboratory scale silos at three 

physiological stages i.e., pre heading (CS1), heading (CS2) and milk stage (CS3). The results showed that the dry matter, 

neutral detergent fibre, acid detergent fibre, acid detergent lignin and water soluble carbohydrate contents increased (p<0.05) 

in all three fodder silages with advancing age. However, crude protein, total digestible nutrients and metabolizable energy 

contents decreased (p<0.05) in all fodders silages with the advancement of their growth. The water soluble carbohydrates, pH 

and ammonia nitrogen values of silages prepared from three fodders decreased (p<0.05) as the plants advanced in age. 

However, lactic acid contents in three fodder silages increased (p<0.05) with the advancement of age of fodder. Based upon 

nutritive value and fermentation characteristics, the milk growth stage was the best physiological stage of the three fodder 

silages. 

 

Introduction 

 

One of the major problems that hinder expansion of 

ruminant production in Pakistan is the un-availability of 

good quality fodder in sufficient quantity (Sarwar et al., 

2002). In most of the areas of country, the season for active 

fodder growth is limited by climatic factors. Summer and 

winter season extremities impose severe clutch in supply of 

green fodder to livestock and thus adversely affects their 

productive performance (Rasool et al., 1996). 

One of the solutions to overcome the seasonal fodder 

deficiency is the conservation of surplus fodder during 

peak fodder growth period. Silage making is one of the best 

methods for conservation of fodder (Schukking 1994). 

Silage production is not a common practice among 

livestock farmers generally in the tropical countries and 

specifically in Pakistan. Moreover, fermentation 

characteristics of tropical fodder silages and their feeding 

values have not been identified (Panditharatne et al., 1986).  

Stage of growth is one of the most important factors 

influencing nutritional quality of fodder silages (Fariani et 

al., 1994). Sullivan (1973) reported that the nutritive value 

of a fodder and its silage depended upon the morphological 

and physiological changes. As the fodder matures, the 

cytoplasmic portion of the cell reduces and the quantity of 

protein, lipids, soluble carbohydrates and soluble minerals 

decrease.  

In conserved fodder, the cell contents of (crude protein 

(CP), ash and lipid) tended to decrease whereas, dry matter 

(DM) and cell wall contents tended to increase with the 

advancement of maturity of fodder. St. Pierre et al., (1987) 

ensiled maize fodder at different vegetative stages of 

growth (milk, dough, first frost, second frost and fifth frost) 

and they concluded that second frost (34.1% DM) was 

optimum stage for making good silage. 

In general, other studies suggested that the optimum 

time to harvest corn for silage making was when starch 

deposition in kernels was completed (Bal et al., 1997; 

Harrison et al., 1998). This stage (33-37%DM) is 

characterized by the appearance of a small black layer on 

the site where the kernel attaches to the cob. When 

sorghum was harvested at late-milk, late-dough and 

hard-grain stages of maturity, higher nutritive values were 

noticed at late milk stage silages (Sonon & Bolsen, 1996). 

The information on nutritional values of local maize, 

sorghum and millet fodder silages is almost scanty. 

Therefore, the present study was undertaken to examine the 

nutritive value of fodder silages and silage characteristics 

of these silages when fodders are harvested at different 

stages of growth.  

 

Materials and Methods 

 

Fodders sowing: Akbar, Hegari and NARC-5 varieties of 

maize, sorghum and millet, respectively, were grown under 

uniform recommended agronomic practices in 

experimental plots (Each plot size was 1.8 x 6 m) for this 

study. Seed of maize, sorghum and millet was sown @ 100, 

75 and 15 kg/ha, respectively (Ahmad et al., 2003) using 

hand drill. The rows were 30 cm apart. The field was 

fertilized uniformly @ 60 kg each of N and P/ha in such a 

way that full dose of phosphorus (diammonium phosphate) 

and half of nitrogen (urea) was applied at the time of 

sowing (Ahmad et al., 2003). The remaining half dose of 

nitrogen was applied after one month of sowing. During 

the experimental period, the field was irrigated thrice from 

dam water with an interval of 15 to 21 days.  One hoeing 

was done before the first irrigation. 

 

Preparation of laboratory silos: The fodders were 

manually harvested at three stages of maturity. Maize, 

sorghum and millet fodders were harvested at pre-heading 

(CS1), heading (CS2) and milk stage (CS3). Laboratory 

scale silages were prepared from these fodders. The 

polyethylene bags (laboratory silos) were filled and then 

sealed to maintain anaerobic conditions. These silos were 

kept at room temperature (around 30oC) for 60 days. After 

opening these silos, pH (Grewal et al., 2003), lactic acid 

(Pennington & Sutherland 1956) and ammonia nitrogen 

(Anon., 1990) were determined immediately. The samples 
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were also analyzed for DM, CP using method described by 

AOAC (Anon., 1990), nutrient digestible fibre (NDF), acid 

digestible fibre (ADF), acid digestible lignin (ADL) by the 

methods of Goering & Van Soest (1970) and water soluble 

carbohydrate (WSC) by the procedure of Johnson et al. 

(1966). Total digestible nutrient (TDN) and 

metabolizeable energy (ME) contents of each silage 

sample of fodder cut at three vegetative stages were 

calculated by the equations of Wardeh (1981) &  Moe and 

Tyrrell (1976), respectively.  

  
Statistical analysis: Data of chemical composition and 

digestibility of silages at three vegetative stages were 

statistically analyzed by using Completely Randomized 

Design. Duncan’s Multiple Range tests were used to 

compare the treatment means (Steel & Torrie, 1980). 

 

Results and Discussion 

 

Effect of plant maturity on silage nutrient 

concentration:  The respective DM, NDF, ADF and ADL 

contents of maize, sorghum and millet silages increased 

(p<0.05) with the advancement of fodder growth (Table 1). 

However, CP, TDN and ME contents of maize, sorghum 

and millet silages decreased (p<0.05) as the fodders 

advanced in age. 

 

Table 1. Dry matter, crude protein, cell wall contents, total digestible nutrient and metabolizable energy (%DM) 

of experimental fodder silages at different stages of maturity. 

Parameters Cutting stages 1 
Fodder silages 

Maize Sorghum Millet 

Dry matter 

CS1 18.09c 15.78c 14.32c 

CS2 22.47b 19.60b 19.13b 

CS3 31.14a 29.79a 29.07a 

 S.E 1.93 2.15 2.19 

Crude protein 

CS1 13.30a 08.90a 8.84a 

CS2 10.65b 07.00b 7.26b 

CS3 08.82c 06.06c 5.18c 

 S.E 0.66 0.42 0.52 

Neutral detergent fibre 

CS1 66.60c 68.40c 68.70c 

CS2 68.50b 69.01b 69.70b 

CS3 71.40a 71.70a 72.40a 

 S.E 0.74 1.60 0.59 

Acid detergent fibre 

CS1 37.73c 40.29c 42.00c 

CS2 39.07b 41.09b 44.47b 

CS3 39.70a 43.50a 45.80a 

 S.E 0.29 0.49 0.56 

Acid detergent lignin 

CS1 3.00c 3.83c 4.20c 

CS2 3.45b 4.46b 6.00b 

CS3 5.35a 5.71a 6.92a 

 S.E 0.36 0.28 0.40 

Total digestible nutrient 

CS1 63.82a 61.97a 60.59a 

CS2 60.84b 58.54b 57.80b 

CS3 58.12c 56.93c 55.75c 

 S.E 0.82 0.76 0.70 

Metabolizable energy (Mcal/Kg) 

CS1 02.39a 02.31a 02.24a 

CS2 02.26b 02.16b 02.10b 

CS3 02.15c 02.08c 02.02c 

  S.E 0.04 0.03 0.03 

Means in the same column bearing different superscripts were significantly (p<0.05) different 
1CS1, CS2 and CS3 stand for pre heading, heading and milk stages, respectively. 

 
The results of this study were consistent with findings 

of other workers (St. Pierre et al., 1987; Johnson et al., 2002), 
who reported that CP content of fodder silages decreased 
with advancing maturity of fodder. Similarly, Phipps & 
Wilkinson (1985) reported that energy content of maize 
silage decreased as fodder advanced in age. Aerts et al. 
(1984/85) reported that DM contents increased from 18.7 to 
36.5% and fibre contents increased from 15 to 30.5% in 
maize silages when maize fodder was harvested at early 
milk to late dough dent stage. 

Johnson et al., (2002) reported that DM contents of corn 
silages increased from 26.24 to 35.25%, when harvested at 
hard dough to 2/3 milk line stages, however, CP contents 
decreased from 8.47 to 8.22% with increased maturity.  

Cell wall contents of silage increased when it was 

prepared from fodder having 30 to 36% DM and thereafter 

cell wall contents decreased as grain maturity advanced 

(Sonon & Bolsen 1996; Bal et al., 1997).  

 

Silage characteristics: The respective WSC content, pH 

and ammonia nitrogen (NH3-N) of silages of maize, 

sorghum and millet decreased (p<0.05) as the fodder 

advanced in age (Table 2). However, lactic acid contents in 

maize (4.63 to 9.12%), sorghum (3.00 to 6.80 %) and 

millet (2.70 to 6.16%) silages increased (p<0.05) with the 

advancement of maturity of these fodders. 
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Table 2. Silage characteristics of fodder at different stages of maturity. 

Parameters Cutting stages1 
Fodder silages 

Maize Sorghum Millet 

Water Soluble Carbohydrate (%) 

CS1 5.09a 5.00a 4.70a 

CS2 4.59b 4.50b 3.47b 

CS3 4.02c 3.90c 3.00c 

 S.E 0.24 0.16 0.26 

pH 

CS1 4.20a 4.30a 4.45a 

CS2 4.10a 4.23ab 4.30b 

CS3 3.80b 4.10b 4.20b 

 S.E 0.07 0.04 0.04 

Lactic acid (%) 

CS1 4.63c 3.00a 2.70a 

CS2 7.01b 5.83b 4.50b 

CS3 9.12a 6.80c 6.16c 

 S.E 0.65 1.57 0.51 

NH3-N (% of total N) 

CS1 8.00a 9.00a 10.50a 

CS2 4.80b 5.60b 08.00b 

CS3 3.50c 4.25c 06.00c 

  S.E 0.67 0.71 0.65 
The pH of maize fodder ranges from 6.53 to 6.9; sorghum fodder from 6.5 to 6.8 and millet fodder from 6.4 to 6.8. Means in the same 

column bearing different superscripts were significantly (p<0.05) different 1 CS1, CS2 and CS3 stand for pre heading, heading and milk 

stages, respectively 

 

The results of the present study supported the findings 

of Bergen et al. (1991), who reported that WSC was greater 

in silages made from barley, wheat and oats fodders 

harvested at milk stages. McDonald. (1981) reported that 

plant cells were broken down and the plant juices (soluble 

carbohydrates) were released by plasmolysis, which was a 

pre-requisite for the development of the lactic acid bacteria 

during the early stages of ensilage.  

Sarwatt et al., (1989) reported that pH values of maize 

silages decreased with advancing growth of fodder. The pH 

less than 4.2 was indicative of well-preserved silage 

(McCullough, 1978). In the present study, pH of maize 

(from pre heading to milk stage), sorghum and millet (at 

milk stages) silages were within the range of 3.80 to 4.2, 

indicating well-preserved silages. The pH of silage made 

from fodder of an early age did not decrease rapidly and 

this might be attributed to low available WSC content 

resulting in more ammonia produced from the breakdown 

of proteins. 

The results of lactic acid contents in the present study 

supported by the findings of Johnson & McClure (1968), 

who ensiled maize fodder at 8 different stages of maturity. 

They found that lactic acid content was highest in silage at 

the lowest pH. Similarly, Bal et al., (1997) and Harrison et 

al., (1998) reported that lactic acid concentration was the 

greatest in silage made from maize fodder harvested at 

milk stage. 

The results of NH3-N contents of the present study 

were similar to those of Garcia et al., (1989) who reported 

that more NH3-N was present in low DM silages than in 

high DM silages. They explained that the increase in the 

concentration of NH3-N was inversely proportional to the 

DM content of the fodder ensiled. The amount of NH3-N 

present in silages is a reliable indicator of the extent of 

proteolytic clostridial activity. The total nitrogen in the 

form of ammonia was on indication of extensive 

degradation of amino acid released through proteolysis 

(McDonald, 1981). 

Ammonia-N in silage is generally expressed as a 

percentage of total nitrogen which should not exceed from 

8 to10 % of total nitrogen in good silage (Schukking, 1994). 

In the present study, maximum NH3-N content of millet 

silage cut at an early stage was 10.5% of total N. This 

indicated a low clostridial activity in three silages at all 

growth stages. 
 

Conclusions 

 

 The DM, NDF, ADF and ADL contents of maize, 

sorghum and millet silages increased with the 

advancement of fodder growth. However, CP, TDN 

and ME contents of three silages decreased as the 

fodders advanced in age. 

 The WSC content, pH and NH3-N of maize, sorghum 

and millet silages decreased as the fodder advanced in 

age. However, lactic acid contents in three silages 

increased with the advancement of maturity of these 

fodders.  
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