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Abstract  

Maize stover is a left-over of maize plant in the field after harvesting the grains. It can 

serve as potential feed for ruminants if it is well processed and preserved especially 

during the dry season when there is scarcity of feed. Consequently, a study was carried 

out to investigate the physical properties of ensiled maize and legumes stover and 

acceptability by West Afican Dwarf (WAD) goats. Maize stover were ensiled for 64 days 

using different legumes stover (bambaranut, groundnut, soya bean and cajanus cajan 

stover) at ratio 4:1 (i.e 80% maize stover + 20% legumes stover) to obtain the following 

silages: Maize Stover only (control) Maize stover and bambaranut stover (MSBS), Maize 

stover and groundnut stover (MSGS), Maize stover and soya bean stover (MSSS) and 

Maize stover and cajanus cajan stover (MSCS). Seven WAD goats were used to assess 

the silage acceptability using coefficient of preference (CoP) procedure. The pH, colour, 

texture, moisture content (MC) and dry matter (DM) were determined in laboratory using 

standard techniques. The bright light green and, greenish-brown colour, firm texture, 

vinegar like odour observed for this study indicate that the silages were well prepared 

and preserved. The temperature, pH, MC and DM values ranged from 26.85 – 28.50oC, 

3.80 – 3.89, 55.11– 62.01% and 37.99 – 44.89%, respectively. The pH, MC and DM were 

similar across the treatments, however temperature of control silage (MS only) was 

significantly (P<0.05) different from ensiled maize stover with cajanus cajan stover 

(MSCS). Acceptability study of the silages showed that MSGS, MSCS and MS (control) 

were preferred to other silage types. However, mean daily consumption (MDCg/day) 

suggests that with time goats will accept the other silage types. The results of this work 

showed that ensiled maize stover with legumes stover can be utilized by goats if it is well 

prepared and preserved.   
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Introduction 

Food sector needs to secure nutrition for 

the one billion people who are 

undernourished and meet demand from an 

increasingly affluent urban population in 

newly developed and emerging economies 

(Delaval 2012).The increasing human 

population posed serious challenges to 

livestock production out of which are; the 

competitions arising from the same sources 

of food and the increasing demand for 

animal proteins that human body cannot 

synthesized. To overcome these 

challenges, there is needs to utilize crop 

residues such as maize stover and legumes 

stover in ruminants feed in order to reduce 

competition between man and animal. 

Maize stover left on most maize farm after 

harvests are wasted without maximizing 

their value to animals which will in turn 

mean gain to the famers. Crop residues 

constitute an important feed resource for 

animals especially in the dry season. 

Cereals straw and stover, legume crops 

straw and hulls, sugar cane tops, cassava 

leaves and sweet potato vines are left in the 

field or harvested for livestock feeding. 

However, these crop residues are generally 

poorly utilized as animal feed each year 

because small-scale farmers lack the 
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technical knowledge on how best to use 

them (Syomiti, 2003,). According 

to Chaudhary et al (2012) maize stover 

consists of the leaves and stalks of maize 

plants left in a field after harvest and 

consists of the residue: stalk; the leaf, husk, 

and cob remaining in the field following 

the harvest of cereal grain. It makes up 

about half of the yield of a crop. Maize 

stover is abundance agricultural product in 

areas having large acreage under maize 

cultivation. Stover is widely used as the 

major source of animal feed in many 

countries particularly in the regions having 

plenty of maize production. With the 

increasing production and productivity of 

maize, the maize stover is available in large 

quantity. Corn stover amounts would range 

from 3-4 tons per acre. Maize Stover can 

successfully be incorporated in ruminant 

rations and that such rations have relatively 

high digestibility. However, the nutritional 

quality of maize stover is poor. It is made 

up of cellulose, hemicelluloses, lignin etc 

(Chaudhary et al 2012). This is often 

improved with leguminous haulms to meet 

up the nutrient requirement of animals 

feeding on it. To meet out the needs of the 

ever increasing livestock population the 

production as well productivity of fodder is 

to be increased. However, the increasing 

cultivation of cereal and cash crops has, in 

fact, contributed towards a decline in land 

mass under fodder cultivation (Chaudhary 

et al 2012). Consequently, there is a great 

constraints of livestock feeds and fodder 

availability, as land for fodder production 

has been marginalized. For this reason, 

there is need for preservation and storage 

in proper ways to balance up the available 

feeds and fodder.  

 

Silage is the product from a series of 

processes by which cut forage of high 

moisture content is fermented to produce a 

stable feed which resists further breakdown 

in anaerobic storage. The objective is to 

retain or augment the nutrients present in 

the original forage and deliver a silage 

accepted by livestock; this is usually 

attained through an anaerobic fermentation 

dominated by lactic acid bacteria 

(Chaudhary et al., 2012). In the tropics, 

particularly the semi-arid tropical regions, 

where the major constraint of livestock 

production is the shortage of fodder during 

the dry season, conservation through 

ensilage of forage produced during the 

rainy season is likely to be the practice 

adopted by most small holder livestock 

owners, particularly those in dairy or beef 

production. However, tropical grasses is 

not natural ensilage material, largely 

because at cutting, they have a low content 

of water-soluble carbohydrates, which are 

essential to successful ensilage. However, 

the levels of fermentable carbohydrates can 

be improved through various treatments 

including mixing legumes with cereal 

crops (Phiri et al, 2007). Ensiling is a 

popular and efficient method of preserving 

maize stover and legumes stover for 

ruminants feed. Thus, the research was 

carried out to assess the quality 

characteristics of ensiled maize stover 

mixed with legumes stovers and 

acceptability by West African Dwarf goats.  

 

Materials and Methods 

Experimental Site 

The study was carried out at Teaching and 

Research Farm of Federal University 

Wukari, Taraba state. Wukari lies between 

latitude 7˚51'N to 7˚85'N and longitude 

9˚46'E to 9˚78'E of the Greenwich 

meridian. The mean annual rainfall value 

ranges from 1000 - 1500 mm. The unset of 

the raining season is usually around April 

while the offset period is October. The 

mean maximum temperature is 

experienced around April at about 40˚C 

while the mean minimum temperature 

occurs between the period of December 

and February at about 20˚C (Oyatayo et al 

2015, Taraba State Government Diary, 

2008). 
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 Harvesting of Maize Stover and Silage 

Making 

Freshly harvested green maize stover and 

legumes stover were obtained from the 

University Teaching and Research farm 

Federal University Wukari. The maize and 

legumes plots were practically cultivated 

for the study in the month of August. 

However both maize and legumes were 

planted separately. Harvesting was done in 

the month of November. Harvested maize 

stovers with four different legumes stover 

(Groundnut stover, Soya bean stover, 

Bambaranut stover and Cajanus cajan 

top/stover) were chopped into 2-5 cm 

length (for easy compaction) with cutlass. 

The chopped materials were wilted under 

shade for 12hours on the polythene sheet in 

order to reduce moisture content. The 

samples were weighed, using weighing 

scale and each silage type weighed 6.25kg.  

Maize stover (MS) and each legumes 

stover (LS) were mixed at the ratio of 

4:1(i.e. 1kg MS + 0.25kg LS). The samples 

were thoroughly mixed and divided into 

five treatments: 

 Treatment A = Maize stover only 

(control), Treatment B = Maize stover + 

Groundnut stover, 

 Treatment C = Maize stover + Soybean 

stover,Treatment D = Maize Stover + 

Bambaranut and Treatment E = Maize 

stover + Cajanus cajan stover.  

5kg of Maize stover was ensiled with 

1.25kg of each legume stover. Each silage 

type was ensiled in polythene bags silo, 

each capable of holding 6.25Kg of wilted 

ensiled materials. Each polythene bag was 

place inside a 100 litres capacity plastic 

container for reinforcement and ease of 

fermentation. Ensiling was done by rapid 

compaction of the materials (to eliminate 

air) into the silos. Sealing of the silos was 

done by placing 15 Kg sand bag on top of 

the polythene bags after tying carefully and 

firmly. The treatments were replicated four 

times in a Complete Randomised Design 

(CRD). The fermentation period was 64 

days. 

 

Evaluation of Quality Characteristic of 

the silages 

 Silages were open after 64 days of 

fermentation period for quality assessment. 

The quality characteristics assessed were 

odour, mouldness, texture and colour. 

Silage colour was assessed by visual 

observation and colour chart. A 5 - man 

panel assessed the odour and texture of the 

silage. This step was taken to guide against 

a bias attitude of one – man assessor since 

the involved physical attributes are on the 

nominal scale rather than ordinal. The 

temperature of silage was taken 

immediately it was opened by inserting a 

laboratory thermometer inside the silage 

mass and kept for five minutes before taken 

the reading. Sub-samples from different 

points and depths were later taken and 

mixed together for dry matter 

determination by oven drying at 650C. The 

pH of the silage was determined by taking 

25g of sample from each treatment mixed 

with 100mls of distilled water in a beaker 

for 1 hour and agitated for 2 minutes 

(Babayemi 2009, Falola et.al, 2013 and 

Amuda et al,. 2017). Following this, a pH 

meter glass electrode was then inserted into 

the supernatant for 1-2 seconds and pH 

determined following a standard procedure 

(AOAC, 1995).  

Acceptability study 

Experimental Site 

Acceptability study was carried out at 

Federal University Wukari Teaching and 

Research farm, goat unit. 

 

Experimental Animal 
A total of seven growing West African 

Dwarf Goats of average weight of 11±1kg 

and about a year were used for the study. 

They were subjected to free choice feeding 

to evaluate the acceptability of ensiled 

maize stover with  and without legumes 
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stover (diets A,B,C,D and E) in cafeteria 

feed  preference study (Babayemi et al., 

2006). The Animals were housed together 

in the group pen at goat unit of Federal 

University Wukari Teaching and Research 

Farm. 

 

Experimental Diets 

The experimental diets were: 

 A- Maize Stover only (control), Diet B- 

Maize Stover + Groundnut stover 

Diet C- Maize Stover + Soya Bean stover, 

Diet D - Maize Stover + Bambaranut stover 

Diet E- Maize Stover + Cajanus cajan 

stover 

 

Feeding Experimental Animal 

The five silages were introduced on 

cafeteria basis to animals (goat) in five 

different feeding troughs according to 

Babayemi et al., (2009), so that each 

animal had free access to each of silages in 

the trough. The position of the silages in 

the feeding trough was changed daily to 

prevent bias by an animal from sticking 

permanently to trough. The study was 

carried out for seven days. The intake was 

measured by deducting the orts or remnant 

from the amount of the feed offered. Silage 

preference was determined from the 

coefficient of preference (CoP) value; 

calculated from the ratio between intake of 

each individual silage divided by the 

average intake of five silage types 

(Bamikole et al., 2004, Babayemi et al 

2009).

 ������������  �� 	
���
���� (���) =  
������ �� ���������� ������

���� ������ �� ���� ������ ��	��
 

 

If CoP<1, the material is poorly accepted 

and when > 1 the material is well accepted. 

(Karbo et al., 1993, Bamikole et al., 2004). 

 

The experimental design used in this 

research was Complete Randomized 

Design (CRD) and the data collected were 

subjected to Analysis of Variance 

(ANOVA) using Statistical Package for 

Social Sciences (SPSS) version 23 and the 

significant means were separated by the 

use of Duncan’s Multiple Range Test. 

 

Result and Discussion 

Table 1: Physical characteristic of ensiled maize stover with four different legumes         

 stovers 

Treatment Colour Texture Odour Mouldness 

A Bright light green  Firm Vinegar   Slightly mouldy 

B Bright light green Firm Vinegar           Not mouldy 

C Greenish brown Firm Vinegar           Not mouldy 

D            Greenish brown Firm Vinegar           Not mouldy 

E Bright light green Firm Vinegar           Slightly mouldy 
A = Maize Stover only (control), B = Maize Stover + Groundnut Stover, C = Maize Stover + Soybean 

Stover D = Maize Stover + Bambara nut Stover, E = Maize Stover +Cajanus cajan Stover 

 

Physical Characteristics of Silage 

Table 1 shows the physical characteristics 

of ensiled maize stover with four different 

legumes stovers. The silages were similar 

in their physical properties. The bright 

light green and greenish brown colour, 

firm texture, vinegar like odour exhibited 

by ensiled maize stover with and without 

legumes (control) are characteristics of a 

good and well-fermented silage. The smell 
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of the well-fermented silage is like that of 

vinegar whereas poorly fermented silage is 

characterized by foul smelling. In the 

properly fermented silage, the soluble 

carbohydrates are converted to lactic acid 

which is largely responsible for good 

odour, whereas in the poorly fermented 

silage, butyric acid is the end product of 

fermentation which is primarily 

responsible for the bad or foul smell. 

Properly prepared silage is recognized 

from colour. The colour of the well-

fermented silage is bright light green or 

dull yellow whereas that of the poorly 

fermented silage is olive, blue green or 

dark brown (Chaudhary et al., 2012). 

Chemical changes during ensilage process 

can affect the colour of forages and the 

fermentation acids can convert chlorophyll 

into the brown magnisium-free pigment 

phacophytin. Good silage usually 

preserves the original colour of the pasture 

or forage used to produce it (t’Mannetje, 

1999). Consequently the brightly colour 

expected.The bright light green and 

greenish brown colour obtained in this 

study were in order. The colours were 

closed to the original colour of the ensiled 

materials which was an indication of good 

quality silage that was well prepared and 

preserved (Babayemi, 2009, Falola et al., 

2013, Amuda et al., 2017 and 2018). The 

dry firm texture and vinegar like odour, 

observed in this study is accepted for good 

silage as reported by Kung and Shaver 

cited by Babayemi (2009) and (Chaudhary 

et al., 2012). 

 

Table 2: Temperature, pH, Moisture and Dry Matter of Ensiled Maize stover with  

       Legumes stover 

Parameters   Treatments    

    A    B     C     D    E SEM 

Temperature (oC) 28.50a 27.63ab  26.85ab 27.70ab 27.75b 0.59 

pH   3.84   3.81    3.80    3.89   3.86 0.04 

Moisture (%) 59.51 55.11  61.56 62.01 57.79 2.84 

Dry Matter (%) 40.50 44.89  38. 44 37.99 43.96 3.15 
a,b = means on the same row with different superscripts are significantly (P<0.05) different. 

A = Maize stover only (control), B = Maize Stover + Groundnut stover, C = Maize stover + Soya bean 

stover,  D = Maize + Bambaranut stover, , E = Maize Stover + Cajanus cajan stover, SEM = Standard Error 

of Mean 
 

Presented in Table 2 is temperature (oC), 

pH, moisture content (MC %) and dry 

matter (DM %) of the silages. Temperature 

of the silages varied significantly (P<0.05) 

among the treatments. The temperature of 

fermented silage or forage varying from 

27-380C was presumed to produce 

excellent silage (Muck, 1996). The 

temperature ranged values of 26.85-

28.500C obtained for all the silage was 

within the normal range of well fermented 

forage. Furthermore, temperature is one of 

the essential factors affecting silage 

colour. The lower the temperature during 

ensiling, probably the less will be the 

colour change (Adesogan and Newman, 

2010). If the temperature obtained for the 

present silage was above 400C or 45-600C, 

they would have become yellowish brown 

to brown dark colour with tobacco-type 

smell due to caramelization of sugars in the 

silages (McDonald et al; 1995, Babayemi; 

2009). However, in this study, the range 

(26.85-28.500C) obtained during 

fermentation period of 64 days was in 

agreement with and within the temperature 

of 27-380C reported by (Muck, 1996, 

Amuda et al., 2017). pH is one of the 

simplest and quickest ways of evaluating 

silage quality. 

The lower the pH, the better preserved and 

more stable is the silage. However, pH 
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may be influenced by the moisture content 

and the buffering capacity of the original 

materials. Silage that have been properly 

fermented will have lower pH (that is 

acidic) than the original forage. The pH 

value of good silage below 4.1 has been 

considered as an index of good quality 

(Harrison et al., 1995). Similarly result 

reported by Eweedah (2005) indicated that 

good quality silage made from corn stover 

has pH value of 4.1. The pH value of 3.80 

- 3.89 of silages is slightly lower than 4.1 

reported by Eweedah (2005), 4.5-5.5 by 

Manesses et al., (2007), 4.2 -5.0 by 

Babayemi (2009) and Kung and Shaver 

(2002). However, the pH values for both 

control (ensiled maize stover only) and 

ensiled maize stover with legumes stovers 

in this study were in agreement with 3.48 

– 3.7 and 3.44 – 3.52 reported by Amuda 

et al., (2017 and 2018) for well preserved 

and good quality silage. The low pH range 

values of silages reported in this study is an 

indication of proper fermentation and good 

qualities. The low pH values obtained in 

this work coupled with vinegar odour 

indicates that lactic acid is the dominant 

acid of the silage. The observation made 

here is further evidence that maize stover 

can be ensiled with or without legumes 

stover and produce good silage. This is 

because the stem is rich in water soluble 

carbohydrate (Natural sugar) and ferment 

more easily, but the majority of other 

forages will require one additive or 

combination of additives for easy 

fermentation (Bolsen et al., 1996, Amuda 

et al., 2017 and 2018). 

 

The dry matter (DM %) percentage 

composition and moisture content of the 

silages were similar across the treatments 

and the values ranged from 37.99 - 

44.89%, 55.11 - 62.7%, respectively.  Dry 

matter of silages with or without legume 

stovers was higher than 31.1 – 35.3% 

obtained by Amuda et al.,(2017), 30.65-

35.26% reported by FAO (2010), 37.02% 

obtained by Elkohly et al. (2009) and a 

range of 21.2-28.46% obtained by Moran 

(2005), Ashbell and Weinberg (2002). The 

differences could be as a result of 

difference in legume stovers used, season, 

wilting and age of forage used. The values 

of DM obtained in this study indicate that 

silage types were well preserved. The 

moisture content of the silages was similar 

to ranged value (59.35 – 68.58%) reported 

by Amuda et al., (2018). The ranged value 

obtained fall within normal moisture 

content of good quality silage.

  

Table 3: Dry matter intake and coefficient preference of WAD goat fed ensiled maize 

    stover 

Silage type MDC of Animals 

(g/DM) 

 CoP Ranking 

    

A 390.99 1.0 Good 

B 425.49 1.08 Good 

C 373.66 0.95 Poor 

D 359.47 0.92 Poor 

E 414.27 1.06 Good 
MDC = Mean Daily Consumption of Animals (g/DM), CoP = Coefficient of Preference 

A = Maize Stover only (control), B = Maize Stover + Groundnut Stover, C = Maize Stover + Soybean 

 D = Maize Stover + Bambara nut Stover, E= Maize Stover + Cajanus cajan Stover 

 

Table 3 presents coefficient of preference 

(CoP) of ensiled maize stover with four 

different legumes stovers fed to WAD 

goats. In this study, the mean dry matter 

and coefficient of preference (CoP) by 

goats placed on ensiled maize stover (MS) 
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with and without legumes are indicated.  

The CoP varied from 0.92 to 1.08 and 

DM/day consumption ranged from 359.47 

to 425.49g with the order of preference as; 

MSGNS > MSCS > MS > MSSS > MSBN.  

In order words, MS (Control), MSGNS 

and MSCS silages with CoP ranging from 

unity and were accepted or preferred. 

Conversely, MSBNS and MSSS silages 

with CoP values of 0.92 and 0.95 each 

were not accepted (Karbo et al., 1993, 

Bamikole et al., 2004).  Acceptability or 

free choice intake attributes of a feed 

connotes the actual response of an animal 

to a particular feed and the possible visual 

effects of the feed to the animal. In recent 

times, cafeteria techniques have been used 

to assess the acceptability of some forage 

(Bamikole et al., 2004, Babayemi, 2007 

and Amuda et al., 2018). The forage 

preference on cafeteria basis revealed that 

ensiled MSGNS, MSCS and MS were 

consumed most with dry matter intakes of 

425.49, 414.27 and 390.99g/DM/day, 

respectively. Generally, acceptability, 

seasonal variation and availability are 

some factors that influenced feed intake by 

an animal. The factors that may influence 

acceptability of a forage or feed by small 

ruminants are plant physical structure, 

chemical composition, season and age of 

forages are the most important factors 

influence preference (Babayemi, 2009 and 

Van soest, 1994). On the basis of the 

quantity consumed by the goats, with time 

the animals will get used to it. Since all the 

five silage types were accepted 

numerically, this indicates that the animals 

had preference for the silages which may 

be due to quality and composition of 

ensiled materials.   

 

Conclusion 

The study showed that control silage 

(ensiled maize stover only) and ensiled 

maize stover with legumes stover have 

good quality characteristics suggesting 

that good silage can be prepared from 

maize stover with or without legumes 

stover. Similarly, the study also showed 

that ensiled maize stover with legumes 

stover is acceptable to goats, thus the silage 

can be incorporated in their diet as 

alternative feed source during the dry 

season. This will ameliorate the problem of 

dry season feeding particularly, the 

livestock smallholder farmers.  

Finally, this investigation demonstrated 

that available maize stover and legumes 

stover in Nigeria have potential value in 

ruminants’ feedstuffs if properly processed 

and preserved. 

 

Recommendations 

Ensiled maize stover with groundnut and 

cajanus cajan stovers can be fed to small 

ruminants during dry season when there is 

scarcity of forages particularly when the 

quality and quantity of grasses is low. The 

best time to harvest maize stover and 

legumes stover for silage production 

should be when the leaves are green and 

nutrients composition is relatively high. 

This will reduce demand for concentrate 

supplements in order to meet the protein 

requirement of the ruminant animals in 

drying season period. 
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