
Vol.:(0123456789)1 3

Proceedings of the Indian National Science Academy (2021) 87:11–18 
https://doi.org/10.1007/s43538-021-00010-z

                    REVIEW PAPER 

 Management of pressmud (agroindustry by-product) by conversion 
to value-added products: a review 

                                                       Aparna     Gunjal   1   ·  Baban     Gunjal   2  

 Received: 16 April 2020 / Accepted: 28 September 2020   / Published online: 10 June 2021
©   Indian National Science Academy      2021  

                     Abstract 
 The agroindustry by-products viz., peanut shell, corn cob, sawdust, paddy husk, pressmud, rice and wheat straw, coconut 

husk, etc. are generated in huge amount. These are either incinerated or disposed of directly to the landfi lls. The manage-

ment of agroindustry by-products can be done by solid state fermentation by conversion into value-added products viz., soil 

conditioner, compost, single cell protein, mushroom, enzymes, organic acids, biogas, wax, feed for livestock, plant growth 

substances etc. The review here focuses on management of sugar industry by-product i.e., pressmud by conversion into 

various value-added products viz., wax, biogas, compost, plant growth, carbon sequestration, feed for livestock, carrier for 

plant growth promoting rhizobacteria, single cell protein and enzymes. There are very few reports on the management of 

pressmud by conversion to value-added products. Hence, pressmud agroindustry by-product for value-added products was 

focused in this review. The agroindustry by-product pressmud is eco-friendly, cheap and also easily available. The review is 

signifi cant as it mentions the management and value-addition of pressmud, an agroindustry by-product. This will be envi-

ronmental safe and also economical. 
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      Introduction 

 The wastes are produced in both developed and developing 

countries. The diff erent types of wastes include viz., food, 

e-waste, agroindustry by-products, hospital, fl oral waste, etc. 

The management of the wastes is very essential as they cause 

hazards to environment, humans and animals, water bodies, 

etc. From these wastes, the agroindustry by-product wastes 

are peanut shell, corncob, sawdust, paddy husk, pressmud, 

sugarcane trash, bagasse, rice and wheat straw, coconut 

husk, sunfl ower leaves, etc. These agroindustry by-product 

wastes are generated in huge amount and are either burnt or 

directly disposed to the landfi lls (Gunjal et al.  2012 ). The 

agroindustry by-product wastes are lignocellulosic in nature 

and can be converted to diff erent value-added products viz., 

compost, soil conditioner, single cell protein (SCP), biogas, 

mushroom cultivation, enzymes, organic acids, animal feed, 

wax, plant growth substances, etc. by the solid state fermen-

tation (SSF) (Gunjal et al.  2014 ). SSF is the fermentation 

by the microorganisms using solid substrate in the absence 

of water. The substrates used for SSF are viz., peanut shell, 

corn cob, sawdust, paddy husk, pressmud, bagasse, sugar-

cane trash, wheat and rice straw, coconut husk, orange peels, 

etc. 

 The review here mentions the study of value-added prod-

ucts from agroindustry by-product pressmud. 

    Sugarcane crop 

 Sugarcane is the world’s largest cash crops (Choudhary et al. 

 2016 ; Dotaniya and Datta  2013 ) with cultivation of 26.9 

million hectares, and worldwide harvest of 1.91 billion tons 

(Factfi sh  2015 ). Brazil is the largest producer of sugarcane 
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in the world. The next fi ve major producers are India, China, 

Thailand, Pakistan, and Mexico (Sarwar et al.  2010 ). About 

45 million sugarcane growers are in India, where 65% of the 

population from villages depends on this agrobased industry. 

The sugar industry is the second largest agricultural industry 

in India. There are 532 sugar mills in India (Indian Sugar 

Mills Association  2019 ). Sugarcane holds for 80% of sugar 

which is produced. 

    Pressmud composition and generation 
in various states 

 Pressmud is mainly the agroindustry by-product waste of sugar 

industries. In 2017–18, about 105 lac metric ton of pressmud 

was produced (Gupta et al.  2011 ). The pressmud generated in 

diff erent states is represented in Fig.  1 . The composition of 

pressmud is shown in Table  1 . It has major components cellu-

lose, hemicellulose and lignin (Katakojwala et al.  2019 ). It also 

contains nitrogen; carbon; phosphorus, potassium, aluminium, 

magnesium, manganese, iron, sodium, copper, etc.          

 C: Carbon, N: Nitrogen, P: Phosphorus, K: Potassium, 

Al: Aluminium, Mg: Magnesium, Mn: Manganese, Fe: Iron, 

Na: Sodium, Cu: Copper. 

 All the components are in (%), except copper in (ppm). 

    Sulphidation and carbonation pressmud 

 The physico-chemical characterization of sulphidation 

pressmud and compost prepared using pressmud as sub-

strate has been studied (Joshi and Sharma  2010 ). The sug-

arcane is passed through mill to get sugarcane juice, which 

has some impurities present in it. The sugarcane juice in 

presence of lime;  SO 2  and  CO 2  is heated. The sugarcane 

juice with  CaSO 3  or  CaCO 3  is precipitated to get sulphida-

tion or carbonation pressmud. 

    Processing of sugarcane in the sugar factory 
showing production of pressmud 

 The processing of sugarcane in the sugar factory showing 

production of pressmud is represented in Fig.  2 .         

    Value-added products from Pressmud 

   Wax from Pressmud 

 The wax separated from pressmud has applications in cos-

metics, paper coating, textiles, fruit and vegetable coating, 

leather sizing, lubricants, adhesives, polishes, and pharma-

ceutical industry (Georges et al.  2006 ; Kumar and Chopra 

 2013a ,  b ). The wax from pressmud is economical compared 

to carnauba and candelilla wax (Saucedo-Pompa et al.  2009 ). 

  Fig. 1       State wise pressmud generated during 2011–2012. *Source: 

(Agricultural Statistics at a Glance  2012 )  

  Table 1       Composition of 

pressmud (Gunjal et al.  2012 )  
  Parameter    Content  

  C    37  

  N    1.26  

  Cellulose    1–17  

  Hemicellulose    15–27  

  Lignin    9–14  

  P    141  

  K    3458  

  Al    0.42  

  Mg    0.30  

  Mn    0.08  

  Fe    1.04  

  Na    0.01  

  Cu    112  

  Fig. 2       Processing of sugarcane in the sugar factory showing produc-

tion of pressmud  
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This wax contains long chain of aliphatic alcohols which can 

be used to lower high cholesterol levels in many products 

(Laguna et al.  1999 ). The oil from wax is used in varnishes; 

as feed and antifoam agents in extinguishing powders. The 

wax also has applications in manufacture of carbon paper 

to improve the property of photographic copiers and print-

ers. The hard wax, oil and resin present in wax are used as 

plasticizer in tyre industries. The extraction and refi ning of 

wax from pressmud is shown in Fig.  3 .         

    Biogas 

 Pressmud rich in methane is important source of biogas. 

Pressmud is a good material for methane production by 

biomethanation process. This biogas from pressmud can be 

used as fuel both for cooking and in vehicles (Rouf et al. 

 2010 ). The residue of biogas from can be good fertilizer 

for many plants. Pressmud is a good feedstock for biogas 

production (Agrawal et al.  2013 ; GIZ  2015 ; Rouf et al. 

 2011 ; Rouf et al.  2013 ; Sathish and Vivekananadan  2015 ). 

Pressmud can also be mixed with other substrates for biogas 

generation. The decomposition of the sugarcane waste yields 

methane as the product. The methane (%) produced on press-

mud mixing with other substrates is represented in Table  2 .

       

 The advantage of using pressmud is the sludge which 

comes from the digester can be source of a good fertilizer 

for the plant growth. There is a report on biogas production 

by anaerobic digestion of pressmud using iron, cobalt and 

nickel (Sundaranayagi et al.  2017 ). The biogas production 

from pressmud is shown in Fig.  4 . Depending on monitoring 

of the gas yield from pressmud, the power generated from 

100 sugar mills in India is 30 MW capacity which produces 

225 million units annually (Murugan and Singh  2013 ).         

 From 100 tons  day −1  pressmud, around 3.45 tons  day −1  

Bio-CNG is generated which is Compressed Natural Gas 

(CNG) grade fuel and 12 tons  day −1  fertilizer (Malik et al. 

 (1)
C6H12O6 → 3 CO2 + 3 CH4

Glucose → Carbon dioxide + Methane

  Fig. 3       Extraction and refi ning of wax from pressmud  
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surviving population was 3.25 ×  10 8  cfu  g −1  for  Azospiril-
lum lipoferum  VAZS-18, 3.00 ×  10 8  cfu  g −1  for  Azotobac-
ter chroococcum  VAZB-6, 2.14 ×  10 8  cfu  g −1  for  Bacillus 
megaterium  VBA-2 and 3.42 ×  10 8  cfu  g −1  for  Pseudomonas 
fl uorescens  VPS-19 after six months of storage (Sangeetha 

and Stella  2012 ). Pressmud is used as a carrier for many 

leguminous inoculants (Yadav  1992 ). 

    Composted pressmud for plant growth 

 Composting is a microbial process where the degradation of 

organic matter takes place to give humus. During compost-

ing, distillery spentwash, a liquid waste and pressmud are 

mixed in the proportion of 2.5:1 (Subha Rao et al.  1990 ). 

Composted pressmud contains N, P, K, Mg, Ca, etc. which 

are nutrient source and can help in the plant growth. Press-

mud also contains micronutrients viz., Zn, Cu, Fe and Mn. 

Therefore, composted pressmud can be very good organic 

fertilizer and soil ameliorating source for sustainable crops 

(Baskaran et al.  2009 ; Kumar et al.  2017 ). It can improve 

the soil health and also physical and biological properties of 

the soil. There is a report where pressmud compost appli-

cation has found to enhance phosphorus use effi  ciency by 

wheat (20–48%) and green gram (12–90%) in comparison 

to super phosphate (Mishra et al.  1982 ). There is a report 

where application of 5 tons of pressmud has found to signifi -

cantly increase sugarcane yield; sunfl ower seed protein yield 

and oil content (Tiwari et al. 1998). The study of compost 

from pressmud cake on cane growth has shown signifi cant 

increase in the cane and sugar yield (Bangar et al.  2000 ; 

Sharma et al.  2002 ). The eff ect of pressmud compost on cane 

growth, cane and sugar yield is shown in Table  3 . Copper 

and nickel are essential elements required in trace amounts 

for the plant growth. The defi ciency of these elements can 

retard the plant growth. This defect can be balanced by using 

pressmud to the soil as a fertilizer (Diaz  2016 ). Also, there 

is a report on application of pressmud compost in increasing 

the yield of  Abelmoschus esculentus  (bhendi) plant (Ramna-

than et al.  2019 ). Composted pressmud has also signifi cantly 

improved the plant height by 19.3% and dry matter by 32.8% 

over raw sulphidation pressmud (Seth et al.  2005 ). Com-

posted pressmud has good amount of organic matter which 

can be benefi cial to the crops (Bokhtiar et al.  2001 ). Study 

is done on increase in sugarcane productivity by enriched 

pressmud compost with chemical fertilizers (Bokhtiar et al. 

 2015 ). Microbial enrichment of pressmud with  Trichoderma  
sp. was found to minimize the use of chemical fertilizers. 

Composted pressmud is used as a biofertilizer for the plant 

growth (Rasappan et al.  2015 ). Pressmud application as 

organic fertilizer can improve the soil fertility and also sus-

tain agronomic productivity.  

    Pressmud as a feed for livestock 

 The fi ber of pressmud can be used as animal feed. There is 

a report where pressmud is used as a feed for livestock. The 

feed for livestock from pressmud is represented in Fig.  5 . 

There is a study on sun drying of sugarcane pressmud as a 

feed for livestock (Sahu et al.  2016 ,  2018 ). Pressmud is used 

in dietary food of sheep (Suresh et al.  2006 ), goat (Ankita 

et al.  2015 ), pig (Sahu et al.  2014 ) and broiler (Suresh et al. 

 2012 ) in the mixture which makes it useful as a feed for 

livestock. There is a report on pressmud in supplementary 

diets and its impact on fi sh growth (Singh et al.  1999 ). This 

pressmud can be used as feed for ruminants due to sugar and 

mineral content and as compacting agent for ensiling. The 

pressmud as a feed has good nutritive value.         

    Single cell protein using pressmud as substrate 

 The population requires protein enriched animal feed and 

food supply. Single-cell proteins (SCPs) can be solution to 

solve the global food problems (Mondal et al.  2012 ). The 

SCP is dried total protein extracted from microorganisms. 

The SCPs can be used as food supplement in human diet 

or as animal feed (Mondal et al.  2012 ; Tesfaw and Assefa 

 2014 ). Lignocellulosic wastes can be best substrates for 

  Table 3       Eff ect of pressmud 

compost on cane growth, cane 

and sugar yield (Zende  1995 )  

  Treatment    Cane 

height 

(cm)  

  Cane 

weight 

(kg)  

  Cane yield 

(MT/ha)  

  Sugar yield 

(MT/ha)  

  Control    246    1.39    104.0    13.2  

  Fertilizer 

 (Nitrogen: phopshorus: potassium) [250:115:115] (kg/ha)  

  244    1.48    118.0    14.6  

  Pressmud compost    271    1.49    128.0    16.3  

  Green manure    237    1.62    120.0    15.2  

  Fertilizer + pressmud compost    265    1.54    123.0    15.6  

  Fertilizer + green manure    275    1.65    130.0    16.3  

  Pressmud compost + green manure    249    1.66    122.0    15.7  

  Fertilizer + pressmud compost + green manure    280    1.62    133.0    16.4  
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the production of SCPs, which are very cheap. Pressmud is 

also used as a substrate for the production of SCPs (Jagan-

mohan et al.  2013 ; Mondal et al.  2012 ; Tesfaw and Assefa 

 2014 ). The SCP production from pressmud is represented 

in Fig.  6 .         

    Pressmud as a substrate for production of enzymes 
by SSF 

 Enzymes have immense applications from industrial to 

pharmaceutical discovery and development. The world 

market for industrial enzymes was US$ 4, 4 billion in 

2015 (Jaramillo et al.  2015 ). Enzymes can be produced 

by SSF using various substrates, where one of the sub-

strate includes pressmud. There is a report on cellulase 

enzyme production from sugarcane pressmud using Oyster 

mushroom— Pleurotus sajor-caju  (Pandit and Maheswari 

 2012 ), invertase (Kumar and Kesavapillai  2012 ), lipase 

(Balaji and Ebenezer  2008 ) by SSF. Also, study is done 

on SSF for the production of enzyme naringinase using 

 Aspergillus niger  MTCC 1344 with pressmud as a sub-

strate (Shanmugaprakash et al.  2011 ). The use of press-

mud as a substrate for production of enzyme by SSF is 

represented in Fig.  7 .         

Pressmud

Completely sun dry pressmud

Use as a feed for livestock

  Fig. 5       Feed for livestock from pressmud  

Pressmud

Submerged or solid 
state fermentation

Filtration and purification

Drying

SCP

Addition of 
nutrients

  Fig. 6       SCP production from pressmud  

Plant growth 
promoting 

rhizobacteria

Substrate
(pressmud)

Inoculum (1 x 107 cells/ml) 
+ substrate (25 g) in 250 ml 
conical flask. Incubate at 30 

0C for 25 days in the
incubator

Solid state 
fermentation

Analyse the leachate at 
regular interval for the

enzyme production

Substrate (25 g) in 250 ml 
conical flask will be control.
Incubate at 30 0C for 25 days

in the incubator

  Fig. 7       Pressmud as a substrate for enzyme production by SSF  
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     Conclusion 

 The management of pressmud by conversion into diff erent 

value-added products is easy, eco-friendly and also cheap. 

The value-added products obtained from pressmud are non-

toxic and will have immense industrial applications and also 

will be useful in agriculture. The conversion of pressmud by 

SSF into compost or biofertilizer will also improve the plant 

growth. The pressmud is also alternate feed for livestock, 

which is important. Pressmud is excellent carrier alternate to 

lignite and peat for PGPR. Pressmud is easily available from 

the sugar factories and hence, can be eff ectively used to get 

value-added products. So, we are obtaining “wealth” from 

agroindustry by-product pressmud, and this is the signifi cant 

point in the review. Therefore, this is “green technology”. 

More research in this area will similarly help in the manage-

ment of wastes which is very important. 

    Future prospects 

 The research on use of pressmud to get more new value-

added products having industrial applications should be car-

ried out. The value-added products obtained from pressmud 

should be studied for use on a large-scale. 
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