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Abstract 
 An experiment was conducted to evaluate paddy straw treated with maize spent liquor (MSL) at 10, 20 and 

30% and subjected to different days (1, 2, 3, 4 and 5) of incubation for in vitro digestibility of nutrients. Chemical 
composition of MSL reported to contain 16.88, 91.96, 8.04, 14.33, 4.37, 0.00, 73.26, 0.24 and 0.69 percent DM, OM, TA, 

CP, EE, CF, NFE, calcium and phosphorus, respectively. Data revealed that in vitro digestibility (%) of dry matter, organic 
matter and crude protein of paddy straw treated with MSL at 10 and 20% increased linearly (p>0.05) from 1 to 5 days of 
incubation, respectively, but decreased at 30% level of inclusion.  Higher in vitro digestibility (%) of dry matter (50.10), 
organic matter (52.99) and crude protein (14.97) were observed in paddy straw treated with 20% MSL and incubated for 
one day compared to other treatments. It is concluded that better in vitro digestibility of nutrients were observed in paddy 
straw treated with MSL at 20% level and incubated for one day.  
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1. Introduction 

Maize spent liquor is a liquid by-product containing condensed steeped water and distillers soluble from 

a wet corn milling plant. It is a viscous brown colour liquid consisting of water-soluble extracts of corn with 

sweet odour and acidic pH (Filipovic et al., 2002). It is rich in crude protein, amino acids, 2 minerals, vitamins, 

reducing sugars, organic acids mainly lactic acid (20-25%), enzymes and other nutrients; and it is free from fat, 

fibre, silica and anti-nutritional factors (Talpada et al., 1987). This makes it an excellent nutritive source as 

animal feed and also as an efficient nutrient supplement for microbial fermentation (Chovatiya et al., 2011). 

However, the sulphur amino acid content of MSL is about 2.43%, though it is deficient in lysine (0.73%). It is 

reported that MSL have been used as liquid feed supplement for post weaning lambs (Mirza and Mushtaq, 

2006); beef cattle (White and Johnson, 2003) and buffalo bulls (Aparna et al., 2013) without any adverse effects. 
On the other hand, direct feeding of corn by-products to productive animals resulted in polio encephalomalacia 

due to high sulphur content (Lardy, 2014) and reproductive disorders due to mineral imbalance. This feature led 

to the limited utilization of MSL as a sole feed for livestock. 

 

Paddy straw is a major agro-residue fed to ruminants in India. It contains 25-45% cellulose, 25-30% 

hemi-cellulose and 10-15% lignin with low nitrogen, vitamins and minerals. Further, the high quantities of silica 

in paddy straw will hinder the nutrient availability to rumen microbes and eventually limits the necessary 

nutrient uptake for a satisfactory performance of the animal (Ganai et al., 2006). Various processing methods are 

in vogue for improving the nutritive value of paddy straw and one such method is utilization of maize spent 

liquor (MSL) or corn steep liquor (CSL) from the corn wet milling plants. Despite the improvements of crop 

residues using various agro-industrial by-products, the efficient utilization to the desirable extent is still awaited. 
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In view of the above problems, it would be ideal if MSL could be used as a supplement for improving the 

nutritive value of paddy straw instead of as a sole feed. However, very little research data is available regarding 

the optimum level of inclusion of MSL for improved digestibility of nutrients in straws. Hence, the present study 

was conducted to arrive at the optimum level of MSL to be used and days of incubation for obtaining the better 

digestibility of nutrients through in vitro studies.  
 

2. Materials and Methods 
The present work was carried out at Department of Animal Nutrition, NTR College of Veterinary 

Science, Gannavaram, MSL is procured from Paramesu Biotech Pvt. Ltd., Devarapalli (V), West Godavari 

District, Andhra Pradesh. The three different concentrations of MLS were prepared i.e. 10% MSL (50 ml MSL 

in 450 ml of water), 20% MSL (100 ml MSL in 400 ml of water) and 30% MSL (150 ml MSL in 350 ml of 

water). Paddy straw was ground through a medium mesh (1 mm) screen in a Weily mill. Ground paddy straw of 
about 500g was taken into three separate trays and diluted MSL i.e., 10, 20 and 30 per cent is sprayed uniformly 

over paddy straw in each tray. Then paddy straw is mixed with MSL solution thoroughly by hand for uniform 

distribution. The treated paddy straw from each tray was divided into five portions (200 gm each) and was taken 

into polythene covers, sealed air tightly and incubated for different days (1, 2, 3, 4 and 5). Chemical composition 

(AOAC, 2007) and forage fibre constituents (Van Soest et al., 1991) of paddy straw and MSL were analyzed. 

Calcium and phosphorus of paddy straw and MSL were analyzed as per the procedure of Talapatra et al. (1940) 

The paddy straw treated with MSL (10, 20 and 30%) and subjected to different days (1, 2, 3, 4 and 5) of 

incubation was analysed for in vitro dry matter, organic matter and crude protein digestibility (Tilley and Terry, 

1963). The data was analysed statistically (Snedecor and Cochran, 1994). 

 

3. Results and Discussion 
The chemical composition of paddy straw and MSL was presented in Table 1. The DM content of 

maize spent liquor (MSL) used for treating of paddy straw in the present study was 16.88 per cent. In contrast, Li 
et al. (2016) and Ullah et al. (2017) reported higher DM values (30.0 to 77.25 %), while Filipovic et al. (2002) 

reported lower DM content (5.27 %) as compared to present findings. The CP content of MSL observed in the 

present study was 14.33 %. In contradiction, Malumba et al. (2015) and Azizi‐ Shotorkhoft et al. (2016) 

reported higher CP values (21.0 to 48.0 %) in MSL. On the other hand, the EE (4.37%) and TA (8.04%) content 

of MSL in the present study were lower than the values reported by Malumba et al. (2015). The NFE content of 

MSL observed in the present study is 73.26%. Further, higher NFE value is reported than the value given by 

Chovatiya et al. (2011) and Ullah et al. (2017). The CF content of MSL in the present study reported to be zero. 

Variation in the chemical composition of MSL as reported by different workers might be due to variation in 

maize composition, geographical distribution, processing methods and storage conditions. 

 

The in vitro digestibility (%) of DM, OM and CP in paddy straw treated with MSL at 10, 20 and 30 per 

cent levels and incubated for 1, 2, 3, 4 and 5 days were presented in Tables 2, 3 and 4. The IVDMD (%) 
increased (p>0.05) with increasing levels of MSL up to 20% and then decreased at 30% level irrespective of the 

day of incubation. Further, the in vitro digestibility of DM reduced from 1 to 5 days of incubation in all the 

treatments and the differences were not statistically significant. Similar pattern was also observed in vitro 

digestibility of OM and CP in paddy straw treated with 10, 20 and 30 per cent level of MSL and incubated for 1 

to 5 days. Puri and Gupta (1998) reported that, urea treatment of paddy straw significantly increased (p<0.01) in 

vitro DM digestibility at 40% moisture level. Similar findings were reported by Malumba et al. (2015). Peripolli 

et al. (2017) reported that, paddy straw supplemented with mineral and protein-energy supplements (MPES) 

significantly increased (p<0.05) in vitro DM and OM digestibility.  

The nitrogen content of paddy straw was improved upon addition of MSL was due to high lactic acid 

content of MSL. However, the provision of readily available nutrients (carbohydrates, minerals and proteins) for 

proper fermentation by MSL have caused a further drop of pH in MSL treated paddy straw. Decreased pH has 

probably changed free NH3 into an ionic form of ammonia that is very reactive and has a greater tendency to 

make bonds with fibrous materials (Borhami et al., 1982). This might be the reason for improved digestibility of 

DM, OM and CP in vitro. 
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4. Conclusion  
It was concluded paddy straw treated with 20 per cent level MSL and incubated for one day reported 

better in vitro digestibility of dry matter, organic matter and crude protein. Further, the data has to be supported 

by in vivo studies with regard to palatability, intake and digestibility of nutrients and health of animal. 
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Table 1. Chemical composition (on % DMB) of feed stuffs 

Nutrient Paddy straw Maize Spent Liquor 

DM 90.33 16.88 

OM 85.60 91.96 

TA 14.40 8.04 

CP 3.75 14.33 

EE 1.54 4.37 

CF 36.92 0.00 

NFE 43.39 73.26 

NDF 76.68 - 

ADF 49.19 - 

Hemi-cellulose 27.48 - 

Cellulose 34.68 - 

ADL 6.42 - 

Silica 4.25 - 

Calcium 0.51 0.24 

Phosphorus 0.13 0.69 

 

 

 

Table 2. In vitro digestibility of DM (%) in paddy straw treated with MSL at 10%, 20% & 30% levels on 

different days of incubation. 

Day of Incubation 

MSL Level 
 

10% 20% 30% Mean ± SE
NS

 

1 49.03 ± 2.01 50.10 ± 1.12 49.93 ± 1.06 49.68 ± 0.68 

2 48.88 ± 1.08 49.77 ± 0.97 49.65 ± 0.74 49.43 ± 0.45 

3 48.45 ± 1.10 49.50 ± 0.72 49.38 ± 0.95 49.11 ± 0.47 

4 47.68 ± 2.62 48.93 ± 0.98 48.54 ± 0.98 48.38 ± 0.80 

5 47.52 ± 1.27 48.66 ± 0.80 48.41 ± 1.37 48.20 ± 0.57 

Mean ± SE
NS

  48.31 ± 0.61 49.39 ± 0.36 49.18 ± 0.40  

 NS - Non-significant 
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Table 3. In vitro digestibility of OM (%) in paddy straw treated with MSL at 10%, 20% & 30% levels on 

different days of incubation. 

Day of Incubation 

MSL Level  

10% 20% 30% Mean ± SE
NS

 

1 52.12 ± 1.08 52.99 ± 0.94 52.62 ± 1.05 52.57 ± 0.48 

2 51.97 ± 1.06 52.73 ± 0.89 52.49 ± 0.91 52.39 ± 0.45 

3 51.25 ± 1.64 52.64 ± 1.16 52.24 ± 1.01 52.04 ± 0.64 

4 50.84 ± 1.59 51.76 ± 0.80 51.55 ± 1.03 51.38 ± 0.56 

5 50.50 ± 1.76 51.25 ± 0.31 51.03 ± 0.82 50.93 ± 0.52 

Mean ± SE
NS

  51.33 ± 0.53 52.27 ± 0.36 51.98 ± 0.38  

  NS - Non-significant 

 

 

Table 4. In vitro digestibility of CP (%) in paddy straw treated with MSL at 10%, 20% & 30% levels on 

different days of incubation. 

Day of Incubation 

MSL Level  

10% 20% 30% Mean ± SE
NS

 

1 14.26 ± 1.00 14.97 ± 1.28 14.81 ± 0.83 14.68 ± 0.49  

2 14.12 ± 1.54 14.94 ± 0.93 14.62 ± 0.73 14.56 ± 0.52 

3 13.68 ± 0.96 14.64 ± 1.23 14.48 ± 0.80 14.26 ± 0.49 

4 12.65 ± 0.40 14.15 ± 1.15 13.97 ± 0.41 13.59 ± 0.44 

5 12.40 ± 0.84 13.55 ± 0.99 13.41 ± 0.58 13.12 ± 0.43 

Mean ± SE
NS

  13.42 ± 0.42 14.45 ± 0.41 14.26 ± 0.28  

NS
 - Non-significant 

 


