
Assessment of distillery effluent impact on biochemical parameters of 
maize (Zea mays L.) seedlings 

Parvathi G.R*., Hemanth kumar N.K. and Shobha Jagannath 
Department of Studies in Botany, University of Mysore, Manasagangothri, Mysore 

 Corresponding author: gr.parvathi.parvathi90@gmail.com  

Abstract  

In the present study an attempt has been made to assess the impact of distillery effluent on 

biochemical parameters of two different varieties (AT and NAC 6004) of maize. All the 

biochemical parameters studied showed variations with respect to different concentrations of 

the distillery effluent. The chlorophyll, protein and carbohydrate content were found to be 

decreased as the concentration of the effluent increased except in 10 % concentration. A reverse 

trend was observed for total phenol content that showed an increase as the concentration of the 

effluent increased except in 10% concentration. Reductions in biochemical parameters which 

are associated with seed germination in maize at higher effluent concentration indicate that it 

is toxic to the growth of crop plant. If the effluent is properly treated and diluted to optimum 

level (10%) it can be used to irrigate agricultural fields of Maize  as a liquid fertilizer. 
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INTRODUCTION 

One of the most important environmental problems faced by the world is management of 

wastes generated by industries. Waste water characteristics and levels of pollutants vary 

significantly from industry to industry (kuntal et al., 2004). The aqueous distillery effluent 

stream known as spent wash is a dark brown highly organic effluent and is approximately 12-

15 times by volume of product alcohol (Rath et al., 2011). The disposal of distillery spent wash 

is of serious concern due to its large volume and high biological oxygen demand (BOD) and 

chemical oxygen demand (COD). In India, there are around 400 distilleries with a production 

capacity of about 3800 million litres of alcohol generating 40 billion litres of waste water 
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annually. Generally spent wash is discharged into the water bodies. Due to high concentration 

of organic load, distillery spent wash is a potential source of renewable energy. The effluent 

does not contain any toxic heavy metals as it is a waste from plant materials. It contains high 

amount of nutrients such as nitrogen, phosphorous, potassium, sulphur and a large amount of 

micronutrients there is a scope for using it advantageously as a ferti-irrigation source to 

agricultural crops without any adverse effect on soil fertility and productivity.  

The land application of distillery spent wash often benefits water pollution control and 

utilization for agricultural production (Suganya and  Rajanna, 2009).  So it can be applied 

directly to the land as irrigation water as it helps in restoring and maintaining soil fertility, 

increasing soil microflora, improving physical and chemical properties of soil leading to better 

water retaining capacity of the soil. The effluent is ideal for sugarcane, maize, wheat and rape 

seed production (Diangan et,al., 2008).  Thus the distillery spent wash will not only prevent 

waste from being an environmental hazard but also serve as an additional potential source of 

fertilizer for agricultural use. Diluted spent wash increased the growth of shoot length, leaf 

number per plant, leaf area and chlorophyll content of peas (Rani and Srivastava, 1990). It was 

also reported that the water holding capacity, cation exchange capacity, increases the 

availability of nitrogen, phosphorus, potassium, copper, zinc, iron, manganese; but with 

reduced biochemical oxygen demand (BOD) with addition of sewage sludge to a course 

textured sandy and calcareous soil (Badawy and Elmataium, 1999). An increase in the soil 

organic matter by 1% with sugar factory effluent applied to soils was observed in Cuba (Valdes 

et.al.,1996). Many workers have reported an adverse effect of higher concentration of different 

types of industrial effluents in the growth rate of different crops (Somashekar and Siddaramaiah 

, 1993., Dutta and Boissya ,1997., Karunyal et al., 1993., and Mathur and Davis, 1987)  In 

order to suppress the impact of BOD, COD and salinity, biomethanation process is 

recommended where in the raw spentwash is subjected to anaerobic decomposition process 
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yielding methane, a fuel and thereby the BOD level is brought down. Bio-methanated spent 

wash has 0.1–0.15 per cent N, 0.8-1.2 per cent K2O and appreciable quantities of Ca, Mg, S 

and micronutrients. On an average 1 m3 of spent wash supplies 1.0 kg N, 0.2 kg P2O5 and 10 

kg K2O (Anon, 2006). However, this treated spent wash could not be directly applied to the 

growing crops because of higher BOD and COD than the permissible limits. So, it should be 

applied well before crop planting or diluted with normal water and then applied to the growing 

crops or as one time controlled land application applied before one month of the planting. This 

waste water is considered safer to use for crop production as a source of nutrients and growth 

stimulator.  

The present investigation has been undertaken with an objective to assess the impact of 

distillery effluent on the biochemical parameters of Maize varieties and to assess the optimum  

concentration at which the spent wash can be recommended for irrigation.   

Materials and Methods 

Collection of seed sample and effluent 

 The certified seed samples of Maize (Zea Mays L.) varieties  AT and NAC-6004 were 

procured from GKVK, Bangalore and VC Farm, Mandya respectively. The distillery effluent 

was collected from Chamundi Distilleries, Maliyur, T Narasipura (T), Mysore (D), Karnataka. 

Estimation of chlorophyll a, b, total chlorophyll and carotenoids: 

The leaves of 4th and 7th day old seedling were used to analyze the chlorophyll and carotenoid 

content following the method of Arnon (1949) and Krick and Allen (1965) respectively. 1g of 

fresh leaves was ground in a motor and pestle with 20 ml 80 % pre-chilled acetone. The 

homogenate was centrifuged at 3000 rpm for 15 minutes. The absorbance was measured at 645 

nm and 663nm in spectrophometer for the estimation of chl a, b and total chlorophyll. The 

chlorophyll extraction was read at 480 nm for quantitative determination of carotenoids. 
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Total Protein  

The total protein content was determined following the method of Lowry’s et al. (1951).  . 0.5 

g of the sample  was ground well in 5-10 ml of phosphate buffer ,centrifuged  at 10.000 rpm 

for 10 min, and the supernatant was used for protein estimation. 0.2, 0.4, 0.6, 0.8 and 1ml of 

the working standard solution (BSA) were pipetted out along with samples (0.1 and 0.2 ml), 

the volume was made up to 1 ml in all the test tubes. 5 ml of alkaline copper solution was added 

to all the test tubes,  mixed well and allowed to stand for 10 min. 0.5 ml of Folin-ciocalteau 

(FC) reagent was added to all the test tubes and incubated in dark for 30 min, The absorbance 

was read  at 660 nm. The amount of protein present in the sample was calculated by using the 

standard graph.  

Total Carbohydrate 

Total carbohydrate content in the samples was determined following the method of Hedge and 

Hofreiter (1962). 100 mg of sample were hydrolyzed by keeping in boiling water bath with 5 

ml of 2.5 N HCL and cooled to room temperature.  It was neutralized with sodium carbonate 

until effervescence ceased. The volume was made up to 100 ml and centrifuged at 3000 rpm 

for 15 min. The supernatant was used as a source of sample, from which 0.5 ml of aliquots 

were taken for analysis. Simultaneously standard graph was  prepared by taking 0.2, 0.4, 0.6, 

0.8 and 1.0 ml of working standard solution (glucose). The volume was made up to  1 ml in all 

the test tubes with distilled water. 4 ml of anthrone reagent was added and kept in boiling water 

bath for 8 min, cooled rapidly and the absorbance was read at 630 nm. The amount of 

carbohydrate present in the sample was calculate by using standard graph.  

Total Phenol 

Total phenol content of the samples was estimated following the method of Malick and Singh 

(1980). 100mg of sample was ground well in 10 ml of 80% ethanol, centrifuged at 10.000 rpm 
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for 20 min and the supernatant was evaporated to dryness. The residue was dissolved with 5 

ml of distilled water. From this , 0.5 ml aliquots was  pipetted out in to test tubes, and the 

volume  was made up to 3 ml with distilled water . 0.5 ml of FC reagent was added and  

incubated for 3 minutes. 2 ml of 20% sodium carbonate solution was added and the test tubes 

were kept  in boiling water bath for 1 min, cooled and the absorbance  was read at 650 nm. The 

total phenol present in the sample was determined from the standard graph prepared with gallic 

acid.  

Results and discussion  

Pigment content 

The values of pigment content showed a significant decrease in leaves treated with 

different concentrations of distillery effluent in 4th  and 7th day old seedlings of AT and NAC 

varieties of Maize, except in T2(10%) treatment. (Tables:1-4). The 4 and 7th day seedlings of 

AT variety showed a decrease in   chlorophyll a content from 0.06 to 0.02 and 0.13 to 0.03 

respectively as the effluent concentration increased. However T2 treatment showed a slight 

increase  in chl a content when compared to control (Tables1&2). A similar trend was also 

observed for chl b, total chl and carotenoid content. Chl b content showed a decrease from 0.15 

to 0.04 and 0.35 to 0.07 in the 4th and 7th day seedling respectively except in T2 treatment. 

Similarly, total chlorophyll content  decreased from 0.22 to 0.06, and 0.48 to 0.10 in the 4th and 

7th day seedling respectively and carotenoid content decreased from 0.03 to 0.01, and 0.05 to 

0.02mg/g F.Wt. from 30 to 90% effluent concentration respectively in the 4th and 7th day 

seedlings, when compared to control.  

The 4 and 7th day NAC seedlings also showed a decrease in   chlorophyll a, b, total 

chlorophyll and carotenoid content  from 0.05 to 0.01, 0.09 to 0.02, 0.13 to 0.02, 0.34 to 0.05, 

0.18 to 0.03, 0.44 to 0.07, 0.03 to 0.01 and 0.05 to 0.02 mg/g F.Wt .respectively  from 30 to 

90% effluent concentration when compared to control (Tables-3&4).. The maximum and 
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minimum values were observed in 10% and 90% effluent concentration. Similar results have 

been reported by Sahai et al. (1983) in paddy, Sahai and Srivastava (1986) in Cajanus cajan, 

Jabeen and Saxena, (1990) in Pisum sativum, Rajendra (1990) in Helianthus annuus, 

Kannabiran and Pragasam (2001) in Vigna mungo, Kumar et al. (1997) in V. radiata, and 

Chandra et al. (2004) in Phaseolus aureus. A large number of physical and chemical agents 

are known to cause reduction in pigment content. Chlorophyll content reduction may be 

regarded as one of criteria to determine the pollution level of the effluent. Reduction of 

chlorophyll content at increasing concentration of effluent may be due to increase in TDS and 

TSS which destabilize the chlorophyll pigment. (Sahai et al., 1983). Increase in chlorohpyll a, 

b and total chlorophyll content at lower concentration might be due to presence of optimum 

quantities of nutrient element such as Mg and K required for pigment biosythesis (Sahai and 

Srivastava ,1986; Jabeen and Saxena, 1990; and Kodioglu and Algur, 1996. 

The carbohydrate content in root shoot axis and endosperm of 4th and 7th day old 

seedlings of both NAC and AT variety differed significantly with different concentrations of 

distillery effluent, when compared to control (Table5&6). On 4 and 7th day seedlings of NAC 

variety  the carbohydrate content in root shoot axis decreased from 14.25 to 6.41 and 18.63 to 

11.28mg/g F.Wt. respectively  and in the  endosperm it increased from 33.25 to 73.14 and 

31.08 to 65.78  mg/g F.Wt. from 30 to 90% effluent concentration respectively, when compared 

to control (Table 5).. In the AT variety the root shoot axis showed a decrease from 17.58 to 

8.25 and 20.35 to 12.35 respectively in the 4th and 7th day seedling. The endosperm however 

showed an increase from 39.25 to 53.25 and 33.28 to 44.25  in the 4th and 7th day seedlings 

respectively.(Table 6) The present study showed an increase in the carbohydrates content at T2 

effluent concentration. There was a gradual decrease in carbohydrate content at higher 

concentration of the effluent. Similar decrease in carbohydrate content has been reported by 

Suresh et al., (2003). 
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The protein content in root shoot axis and endosperm of 4th and 7th day old seedlings of 

both NAC and AT variety differed considerably with different concentrations of distillery 

effluent, when compared to control (Tables-7&8). On 4 and 7th day old seedlings in NAC 

variety the protein content in root shoot axis decreased from, 16.54 to 4.25 and 19.32 to 7.35 

mg/g F.Wt.  and  in the endosperm increased from and 20.35 to 30.18 and 17.52 to 25.37 mg/g 

F.Wt from 30 to 90% effluent concentration respectively, when compared to control (Table-

7)..The protein content in the AT variety decreased from 19.25 to 6.24 and 20.52 to 7.54 

respectively in the 4th and 7th day seedling. However an increase in protein content over control 

plants in the endosperm from 23.54 to 32.04 and 19.87 to 27.65 was observed in the 4th and 7th 

day seedling(Table8).Similar results  have been reported by Jabeen and Saxena (1990) in Pisum 

sativum, Chandra et al. (2004) in Phaseolus aureus, and (Tharakeshwari and Jagannath, 2006) 

in Vigna radiata and V. unguiculata. Increase in protein content at lower concentration of 

effluent was in  due to transportation of nitrogen absorbed by plants to last stages (Kodioglu 

and Algur 1990). In the present study protein content was gradually decreased in higher effluent 

concentration. Similar results have been reported by Kumar et al. (1995) in V. radiata and V. 

mungo.  

The phenol content in root shoot axis and endosperm of 4th and 7th day old seedlings of 

both NAC and AT variety differed significantly with different concentrations of distillery 

effluent , when compared to control (Table-9&10). On 4 and 7th day in NAC seedlings the 

phenol content in root shoot axis increased from 0.46 to 0.82 and 0.42 to 0.76 and in the 

endosperm increased from 0.21 to 0.78 to 0.17 to 0.76 respectively In the AT variety the phenol 

content in the root shoot axis and endosperm increased  from 0.53 to 0.87 and 0.47 to 0.71 and 

0.18 to 0.54  and 0.14 to 0.46 . mg/g F.Wt. respectively in the 4th and 7th day seedlings when 

compared to control (Table10). Similar results were observed by Tharakeshwari and Jagannath 
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(2006), where the phenolic content was found to be increased in lower concentration of 

distillery effluent in Vigna radiata.  

 The present investigation has shown an increases in the pigment, protein, and 

carbohydrat  content in both the varieties of maize only at 10:%  effluent concentration  and 

thereafter decreased at higher effluent concentration. It may be concluded that this particular 

concentration has a promotery effect on the growth of maize varieties. 

Table 1: Effect of distillery effluent on pigment contents in 4th day old maize (AT) seedlings 

Concentration Chl. a Chl. b Total chl. Carotenoids 

T1 0.06±0.01a 0.15±0.02a 0.22±0.04a 0.03±0.01a 

T2 0.07±0.01a 0.16±0.02a 0.24±0.04a 0.05±0.01a 

T3 0.05±0.02b 0.14±0.01b 0.19±0.03b 0.03±0.00b 

T4 0.03±0.01b 0.09±0.01c 0.12±0.01c 0.02±0.00b 

T5 0.02±0.00c 0.04±0.01d 0.06±0.01d 0.01±0.00b 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

Table 2: Effect of distillery effluent on pigment contents in 7th day old maize (AT) seedlings 

Concentration Chl. a Chl. b Total chl. Carotenoids 

T1 0.13±0.02b 0.35±0.05b 0.48±0.07b 0.05± 0.02b 

T2 0.18±0.04a 0.40±0.05a 0.58±0.03a 0.10±0.03a 

T3 0.08±0.02c 0.21±0.02c 0.29±0.03c 0.05±0.02c 

T4 0.04±0.01d 0.11±0.02d 0.15±0.01d 0.03±0.00d 

T5 0.03±0.00e 0.07±0.02e 0.10±0.01e 0.02±0.00d 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by 

Tukey’s HSD test at 5% level. 

 

Table 3: Effect of distillery effluent on pigment contents in 4th day old maize (NAC) 
seedlings 

Concentration Chl. a Chl. b Total chl. Carotenoids 

T1 0.05±0.02a 0.13±0.03b 0.18±0.04b 0.03±0.01a 

T2 0.06±0.02a 0.15±0.04a 0.21±0.05a 0.05±0.02a 

T3 0.04±0.01b 0.12±0.03b 0.16±0.03c 0.03±0.01a 

T4 0.03±0.01b 0.07±0.03b 0.10±0.03d 0.02±0.00b 

T5 0.01±0.00b 0.02±0.01c 0.03±0.01e 0.01±0.00b 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 
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Table 4: Effect of distillery effluent on pigment contents in 7th day old maize (NAC) 
seedlings 

Concentration Chl. a Chl. b Total chl. Carotenoids 

T1 0.09±0.03b 0.34±0.07b 0.44±0.06b 0.05 ±0.01b 

T2 0.15±0.05a 0.38±0.05a 0.53±0.07a 0.08±0.02a 

T3 0.06±0.02c 0.19±0.03c 0.25±0.04c 0.05±0.01b 

T4 0.03±0.01c 0.10±0.02d 0.13±0.02d 0.03±0.01c 

T5 0.02±0.01d 0.05±0.02e 0.07±0.02e 0.02±0.00c 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

Table 5: Effect of distillery effluent on carbohydrate content in 4th and 7th day old maize (NAC) 
seedlings 

 

Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

 

Table 6: Effect of distillery effluent on carbohydrate content in 4th and 7th day old maize (AT) 
seedlings 

Concentrations Root and 
Shoot axis 

Endosperm Root and 
Shoot axis 

Endosperm 

T1 17.58±1.55b 39.25±1.08d 20.35±1.15b 33.28±0.29d 

T2 24.35±1.35a 31.25±0.98e 27.62±1.26a 25.36±1.21e 

T3 15.54±1.03c 42.15±1.78c 19.32±1.05c 36.54±1.06c 

T4 12.08±0.54d 47.32±1.25b 18.32±1.01d 39.81±1.27b 

T5 8.25±0.27e 53.25±1.35a 12.35±0.58e 44.25±1.36a 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

Table 7: Effect of distillery effluent on protein content in 4th and 7th day old maize (NAC) 
seedlings 

Concentrations Root and 
Shoot axis 

Endosperm Root and 
Shoot axis 

Endosperm 

T1 16.54±1.35a 20.35±0.94d 19.32±0.58b 17.52±0.83e 

Concentrations Root and 
Shoot axis 

(4th day) 

Endosperm 
(4th day) 

Root and 
Shoot axis 
(7th day) 

Endosperm 
(4th day) 

T1 14.25±105b 33.25±1.58d 18.63±1.22c 31.08±1.07d 

T2 16.38±1.25a 28.14±1.22e 22.52±1.25a 22.54±1.58e 

T3 13.27±0.87c 37.85±1.08c 20.15±0.87b 33.21±1.25c 

T4 8.69±0.54d 65.32±2.04b 17.21±0.55d 54.21±1.77b 

T5 6.41±0.14e 73.14±2.32a 11.28±0.47e 65.78±1.36a 
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T2 19.25±1.46b 17.25±0.54e 21.85±0.65a 13.25±0.65d 

T3 13.24±0.84c 23.74±0.55c 16.27±0.34c 19.85±0.77c 

T4 8.36±0.27d 28.68±0.17b 10.28±0.17d 22.08±1.05b 

T5 4.25±0.18e 30.18±0.68a 7.35±0.08e 25.37±1.27a 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

Table 8: Effect of distillery effluent on protein content in 4th and 7th day old maize (AT) 
seedlings 

Concentrations Root and 
Shoot axis 

Endosperm Root and 
Shoot axis 

Endosperm 

T1 19.25±1.07b 23.54±1.09d 20.52±1.0b 19.87±0.87d 

T2 22.01±1.24a 20.14±105e 24.24±1.45a 15.65±0.38e 

T3 14.65±1.06c 27.25±1.24c 16.54±0.65c 21.05±1.08c 

T4 10.24±0.38d 30.21±1.65b 12.41±0.42d 24.85±1.24b 

T5 6.24±0.18e 32.04±1.75a 7.54±0.17e 27.65±1.37a 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

 

 

Table 9: Effect of distillery effluent on phenol content in 4th and 7th day old maize (NAC) 
seedlings 

Concentrations Root and 
Shoot axis 

Endosperm Root and 
Shoot axis 

Endosperm 

T1 0.46±0.16e 0.21±0.14d 0.42±0.08e 0.17±0.04e 

T2 0.42±0.14d 0.17±0.09c 0.39±0.16d 0.14±0.06d 

T3 0.57±0.31c 0.81±0.37a 0.45±0.22c 0.56±0.19c 

T4 0.69±0.24b 0.76±0.35b 0.55±0.15b 0.71±0.25b 

T5 0.82±0.32a 0.78±0.22b 0.76±0.36a 0.76±0.14a 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 

Table 10: Effect of distillery effluent on phenol content in 4th and 7th day old maize (AT) 
seedlings 

Concentrations Root and 
Shoot axis 

Endosperm Root and 
Shoot axis 

Endosperm 

T1 0.53±0.25e 0.18±0.07e 0.47±0.11e 0.14±0.06e 

T2 0.15±0.14d 0.14±0.08d 0.12±0.07d 0.11±0.05d 

T3 0.61±0.11c 0.89±0.24a 0.55±0.24c 0.81±0.25a 

T4 0.73±0.28b 0.82±0.35b 0.64±0.41b 0.63±0.18b 

T5 0.87±0.36a 0.54±0.27c 0.71±0.35a 0.46±0.21c 
Mean ± SD followed by same superscript are not statistically significant  from each other as indicated by Tukey’s 
HSD test at 5% level. 
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