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Abstract 
The utilisation of wet soya waste as feed is low due to difficulties of storage and transportation, 

which needs to reach normal technical standard and comprehensive utilisation. The aim of this 
study was to investigate the effect of cracked corn grain as a source of moisture absorbent and 

energy in a wet soya waste based total mixed ration silage on goat performance. Ten growing goats 

were assigned to two feeding treatment groups for 84 days. Goats in Group 1 received Napier grass 

(Pennisetum purpuerum) ensiled with 30% soya waste (w/w) and 8% molasses (w/w) (T1) as 
control, and Group 2 received same grass ensiled with 30% soya waste (w/w) and 15% cracked 

corn grain (w/w) (T2). All goats received their respective silage ad libitum after 2 months of 

fermentation. The pH in T1 silage was 4.1, while pH in T2 silage was 4.0. Goats fed T2 diet showed 

higher intakes of dry matter, organic matter and metabolisable energy than those of goats fed T1 
diet, while it was observed vice versa for neutral detergent fibre intake. However, there was no 

difference in average daily gain and feed conversion ratio between two treatment diets. Results of 

this study indicate that cracked corn grain, as a source of moisture absorbent and energy, can be 

used successfully in wet soya waste based total mixed ration silage for growing goats.  

© 2018 UMK Publisher. All rights reserved. 
 

1. INTRODUCTION 

Consumption of soya products has risen because 

of its beneficial effect in humans. The global production of 

soya bean (including soya products) has reached 284 

million metric tons (Baize, 2013). There is a huge amount 

of industrially soya by-products are produced from soya 

bean which needs to be disposed of, including soya waste 

from the tofu and soya milk processing factories. Soya 

waste is characterised by high moisture and high crude 

protein (CP) contents, resulting in spoilage by mould and 

yeast development under aerobic condition, which creates 

an environmental nuisance.  

Fresh wet soya waste can be used directly as 

ruminant feed due to high nutritive value. In previous 

study, feeding fresh soya waste to goat increased feed 

intake and daily weight gain (Rahman et al., 2015). 

Although some data are available on the use of wet soya 

waste in goats (Rahman et al., 2014, 2015), utilisation of 

this waste as animal feed is still limited due to difficulties 

of storage and transportation cost, which needs to reach 

normal technical standard and wide utilisation. Ensiling 

may be an option to utilise soya waste efficiently for long 

term and it can be ensiled with other feed ingredients or 

tropical forages down to 65-70% moisture. Ensiling is an 

easy method to improve the quality of diet, which results 

to increase feed intake and enhance dry matter (DM) 

digestion in the ruminants (Bureenok et al., 2012).  

There is an issue about low DM silage using wet 

soya waste. Duru et al. (2018) observed that DM content 

of plantago silages significantly increased with 3% of 

molasses additives. Optimum DM of silage should be at 

least 30% as suggested by Collins and Owens (2003). 

Since soya waste and Napier grass contain fairly high 

moisture (Rahman et al., 2015), added molasses or grain to 

forage would increase the DM content of the silage 

(Bureenok et al., 2012) and these additives can help to 

prevent the cause of seepage and undesirable fermentation. 

Although molasses has various advantages during silage 

fermentation, sometimes it is difficult to get optimum DM 

content in silage due its viscosity and should be diluted 

with water to apply. On the other hand, adding corn grain 

to silage is not only increase the DM content of the silage 

but also increase the energy content of the silage which 

may offer to the animals as complete feed.  

Both corn grain and molasses have low 

concentrations of CP and minerals, but high concentrations 

of carbohydrates. Lanzas et al. (2007) suggested that the 

rate of degradation of sugars and starch in rumen from high 

moisture corn grain is approximately the same being 0.40 

% h-1 and 0.35 % h-1, respectively. On the other hand, soya 
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waste contains a moderate level of metabolisable energy 

(11.2 MJ/kg), high level of CP (21.9%) and adequate level 

of minerals (Rahman et al., 2014). Therefore, the mixtures 

of these ingredients could help to balance the diet for 

improvement of animal health and productivity. 

Use of Napier grass (Pennisetum purpureum) for 

ruminants is gaining popularity in tropical and sub-tropical 

regions due to its high biomass yield, although this grass is 

considered low quality roughage (Ishii et al., 2005). The 

inclusion of wet soya waste to Napier grass may improve 

the quality of silage, because of its high content of 

nutritional value. However, there is little information about 

the feeding effect of wet soya waste ensiled with Napier 

grass and corn grain on animal performance. Therefore, the 

aim of this study was to (i) formulate rations using soya 

waste, Napier grass, corn grain and molasses, and (ii) 

investigate the feeding effect of wet soya waste based total 

mixed ration silage on goat performance. 

2. MATERIALS AND METHODS 

2.1. Location of study and silage materials 

An experiment was conducted at a goat farm in 

Rumpun Asia Sdn. Bhd. (RASB), Selangor, Malaysia. 

Approval for the use of animal was made by the 

Institutional Animal Care and Use Committee of 

University of Malaya (Ref. No. ISB/11/08/2014/MMR-R). 

Before the start of the experiment, goats were dewormed 

with an anthelmentic drug. Soya waste was collected from 

tofu and soya milk processing factory by a local supplier. 

Napier grass was harvested at 45 days of regrowth 

defoliation from the experimental field of RASB goat farm. 

Napier grass was chopped at approximate 2–3 cm in 

length. 

2.2. Silage preparation and feeding trial 

Ten weaned male kids (Saanen × local) at 3 to 4 

months of age with an average initial live weight (LW) of 

14.6 ± 3.4 kg (mean ± standard deviation) were randomly 

divided into two treatment diets. The diets were: (i) Napier 

grass ensiled with 30% soya waste and 8% molasses (T1) 

as control, and (ii) Napier grass ensiled with 30% soya 

waste and 15% corn grain (T2). The silage materials used 

in this study contained ingredients and chemical 

compositions expressed in kilogram per 100 kilograms 

(fresh material basis) (Table 1).  Mixed materials were kept 

in plastic containers anaerobically and stored in room 

temperature for 60 days. By calculation, the silage 

contained approximately 15.6 –17.4% of CP that meets the 

nutrients requirements for a goat of about 15 kg LW (NRC, 

2007). After 60 days of silage fermentation, a feeding trial 

was conducted for 98 days, including 14 days for 

adaptation period to the treatment diets followed by 84 

days for data collection. The goats were fed individually 

with free access of water. Each treatment had five goats 

and each goat was considered as replication.  

2.3. Measurements 

 The pH of ensiled materials was 

measured using pH meter. Samples of 20 g from silage 

with six replicates were immersed in 100 ml of distilled 

water for about 30 minutes. After filtered, the supernatant 

was used for the determination of the pH. Feed intake was 

determined by subtracting the weights of refusal feed from 

the weights of offered feed on daily basis. Live weight of 

the animals was measured at the start and after a 14–day 

interval. Samples of the feed ingredients were obtained bi-

weekly and then stored in the freezer. After the finish of 

the feeding trial, all samples were thawed, pooled, dried 

and stored in the freeze for subsequent chemical analysis. 

Feed conversion rate was computed as the amount of feed 

consumed divided by weight gain. 

2.4. Chemical analysis 

The ME values of the treatment diets were 

estimated as described by AFRC (1993). Dried samples 

were ground using grinding machine to pass a 1.0 mm 

sieve. Samples were used to determine ash and CP 

according to procedure of AOAC (1990). Organic matter 

(OM) was calculated by subtracting the ash content from 

the total dried sample (100%). Neutral detergent fiber 

(NDF) of samples was measured as reported by Van Soest 

et al. (1991). 

2.5. Statistical analysis 

Data were analysed by using Student's t-tests. A 

p-value of less than 0.05 was considered to be statistically 

significant. 

3. RESULTS AND DISCUSSION 

The composition of silages was presented in 

Table 1. Dry matter (30.8 vs 22.0%) and OM (95.3 vs 

88.6%) contents were higher in T2 silage than T1 silage, 

respectively. However, the CP and NDF contents were 

higher in T1 silage than T2 silage. The pH in T1 silage was 

4.1, while pH in T2 silage was 4.0. Silage treated with corn 

grain was characterised by higher DM content (29.1-

30.8%), while the DM content of silage treated without 

corn grain was lower (22.0%). Ensiling Napier grass and 

soya waste with dried corn grain increased its DM content 

about 37%, when compared with silage treated without 

corn grain (Table 1). Suitable DM content (30.8%) for T2 

silage diet was achieved by addition of 15% corn grain, 

because adding grain to forage increases the DM content 

of the silage as well as make it a complete feed for animals 

(Yitbarek and Tamir, 2014). In general, adding grain does 

not improve fermentation because starch (the main 

carbohydrate in grain) is not readily fermented in the silo. 

In another experiment, Yokota et al. (1998) reported that 

addition of 15% rice bran to Napier grass silage increased 

DM of silage and decreased the volume of spoilage. 

Molasses has been proven to be an effective silage additive 

and it can be added up to 10% w/w to provide fast 
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fermentable carbohydrate for the ensilage of tropical 

herbages (Yitbarek and Tamir, 2014). For this reason, 8% 

molasses was added to the forage at ensiling for T1 silage 

diet and this diet was considered as a complete feed for 

animals though energy level was slightly lower.  

Differences in nutrient content among treatment 

diets that had been arisen from uncontrolled factors could 

be introduced by different amount of molasses (8%) or 

corn grain (15%) effects during ensiling (Table 1). 

Addition of 8% molasses (fresh matter) in this experiment 

resulted in good quality silage with pH 4.1, may be due to 

the supplement of higher soluble carbohydrates with 

molasses (Davies et al., 1997). The pH of T2 silage was 

low enough (4.0) even though molasses was not added. 

This result might be attributed due to high moisture corn 

grain with wet soya waste. Some researchers reported that 

rumen degradation of starch from high moisture corn grain 

is 86.8% (Firkins et al., 2008) and 76.3% (Owens and 

Soderlund, 2006).  

Table 1: Proportion of used feed ingredients and their chemical 

composition 

Ingredient Diet 

T1 T2 

Ingredient composition (kg/100 kg of diet, fresh basis) 

     Molasses  8 0 

     Soya waste  30 30 

     Corn 0 15 

     Napier grass  62 55 

 

Chemical composition (%, dry matter) 

     Dry matter 22.0 30.8 

     Organic matter 88.6 95.3 

     Crude protein  17.4 15.6 

     Neutral detergent fibre 58.6 38.4 

     ME (MJ/kg dry matter) 9.1 10.4 

   

pH 4.1 4.0 

T1: Napier grass ensiled with 8% molasses and 30% soya waste; T2: 

Napier grass ensiled with 30% soya waste and 15% corn. ME: 

metabolizable energy (estimated value); MJ: mega joule. 

 

Nutrient intakes and weight gain in goats fed 

treatment diets are presented in Table 2. The goats fed T2 

silage had higher intakes of DM and OM (P<0.05) than 

those of goats fed T1 silage. This finding might be 

contributed due to the higher contents of DM and OM in 

the T2 silage that can improve DM intake in ruminants as 

suggested by Mustafa et al. (2008). Goats fed both 

treatment diets represented in similar CP intake. However, 

goats fed T1 silage showed higher NDF intake than T2 

silage. Although dietary NDF content has been related 

negatively to feed intake (Mertens, 2009), it seems unlikely 

that it contributed to differences in DM intake that occurred 

between treatment diets. In this experiment, the DM intake 

ranged from 3.4–3.9% of LW which was almost similar to 

be 3.1–3.7% of LW as reported by Ashok and Wadhwani 

(1992). Nutrient intake is one of the important factors that 

significantly improve the animal performance (Kawas et 

al., 1999). 

Table 2: Intakes of dry matter, nutrients and metabolisable 

energy for weaned goats fed silage based diets. 

Traits  Diet (mean ± SD) 

T1 T2 

Daily intake, g  

     Total dry matter 638±60.3b 733±33.6a 

     Total organic matter 565±53.4b 699±32.0a 

     Total crude protein  111±10.5 114±5.2 

     Total neutral detergent fibre 374±35.4a 282±12.9b 

Total ME intake (MJ/d)     5.8±0.5b     7.6±0.4a 
SD: standard deviation; T1: Napier grass ensiled with 8% molasses and 30% 

soya waste; T2: Napier grass ensiled with 30% soya waste and 15% corn; 

ME: metabolisable energy (estimated value); MJ: mega joule; a,bMeans in 

the same row with different superscripts differed significantly (P<0.05). 

Table 3: Average daily gain and feed conversion ratio (FCR) for 

weaned goats fed silage based diets. 

Traits  Diet (Mean ± SD) 

T1 T2 

Live weight, kg   

       Initial  14.4±3.9 14.8±3.2 

       Final 23.4±5.2 23.1±3.6 

   

Daily gain, g 107.1±20.1 98.8±8.5 

FCR     6.4±1.6   7.6±0.7 
SD: standard deviation; T1: Napier grass ensiled with 8% molasses and 

30% soya waste; T2: Napier grass ensiled with 30% soya waste and 15% 

corn. 

There were no significant differences in initial 

and final LWs of goats between treatment diets (Table 3). 

Similarly, daily LW gain and feed conversion ratio have 

not differed between treatment diets. This could possibly 

explain the better quality of silage, which was resulted 

from the inclusion of either molasses or corn grain in this 

study. Inclusion of molasses or corn grain helped to reduce 

the fibre content of the silage and increased energy content, 

which might be contributed to partial hydrolysis of 

hemicellulose in the silage (Kung and Muck, 1997). This 

result justified the addition of high level of molasses and 

corn grain in Napier grass ensiled with soya waste to 

improve the animal performance. 
 

The ME intake should be about 7.0 MJ/d to fulfil 

the requirement of a 15.0 kg LW of goat with grow rate of 

100 g/d (National Research Council, 1981). In this 

experiment, only those goats received T2 diet showed a 

sufficient in ME intake to achieve their potential growth. 

Although goats fed T1 diet showed a deficit in ME intake 

(5.8 MJ/day), the average daily gain of goats fed T1 diet 

was similar with those goats fed T2 diet, implying that 

molasses may play a role to enrich the silage quality of T1 

diet during fermentation. Thus, further studies are required 
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on measurements of volatile fatty acids, ammonia-N, non-

fiber carbohydrate, lignin and fat contents of silages to 

better characterise the silage and to better justify the results 

achieved. Rahman et al. (2015) reported that average daily 

gain of post-weaning goats was 73 g those fed Napier grass 

supplemented with soya waste (2.0% of LW/d).  

The amount of soya waste used in this experiment 

was constant in both treatments, whereas the other feeds 

were used in different proportions. Although it is hard to 

sort out the causes of the results, the present results suggest 

that unpalatable by-products i.e. soya waste, might be 

added into silage since their odours and flavours were 

changed through fermentation (Xu et al., 2007). In this 

regard, ensiled soya waste could be utilised as an 

inexpensive feed ingredient, while decreasing the 

environmental impact of waste disposal in the soya bean 

processing factory. Livestock farmers may use the large 

quantities of soya waste from the manufacturers when it is 

cheap and available. Thus, it will create a mutually 

beneficial relationship between farmers, and tofu 

manufacturer and soya milk producers. 

4. CONCLUSION 

In this study, the CP content of soya waste was 

high enough to be a valuable protein supplement to Napier 

grass silage. Addition (w/w) of high level of molasses (8%) 

or corn grain (15%) with wet soya waste (30%) is a 

promising method of preserving Napier grass to enhance 

the performance of post-weaning goats. Thus, there is a 

possibility that a mutually beneficial relationship could be 

formed between farmers, and tofu manufacturer and soya 

milk producers.  
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