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ABSTRACT 
Coir is one of the strongest natural fibres extracted from coconut (Cocos nucifera L.) husk 
which is widely used all over the world for a variety of applications. Open retting is an age-
old practice for the extraction of coir from coconut husks by placing them in natural water 
bodies. The pollution due to open retting practice accounts to biodegradable COD of 1.4 ton/ 
ton coir fibre and large quantities of nonbiodegradable polypehnols in the retting water bodies. 
This has been affecting natural heritage of rich biodiversity in the backwater bodies. The 
anaerobic degradation of the released organic pollutants results emission of the greenhouse 
gas, CH4, and H2S according to availability of sulphate in water. ‘Closed retting’ process 
eliminates all such pollution problem as well as produces quality fibre and coir pith. In this 
retting method biodegradable organics are converted to VFA fractions like acetic (71%), 
propionic (19%) and butyric acids (10%) and finally to CH4. The CH4 yield through closed 
retting for a ton of coir fibre is 490m3. There is no sulphide generation in this process as fresh 
water can be used for producing quality fibres. In this anaerobic process the oxidative 
polymerization and formation of coloured recalcitrant compounds are also prevented unlike in 
the open retting.  
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INTRODUCTION 
Kerala, the extreme south-western state of 
India (38,862 sq km, total area) has a 
spectacular network of backwaters, lakes and 
canals (1900 sq km) on its coastal plains 
providing water for aquaculture and 
agriculture, navigation and key feature of 
tourism attraction (Fig.1). Plentiful 
availability of water bodies and surplus raw 
materials makes ‘coir industry’ a major 
traditional industry for livelihood of the 
economically weaker section and state 
economy.1 The coconut husks are outer jacket 
obtained on separating the coconuts. The 
husks consist of the exocarp and fibrous 
mesocarp which is the raw material for the 
coir fibre. The term retting is a technical    
form  of  the   word   'rotting'   and  designates  

the process of decomposition of tissues 
binding materials  surrounding the vegetable 
fibres. As a result of retting large quantities of 
organic substances including pectin, pentosan, 
fat, tannins, and also toxic phenols are 
liberated into water. The extraction of coir 
fibre is carried out by two methods : (1) open 
retting which results in the good quality white 
fibre and (2) mechanical extraction that 
produces mainly brown fibre. The open 
retting involves the immersion of coconut 
husks in brackish water with varying salinity 
for a period of 6 to 12 months and further 
separation of fibre from mesocarp manually 
or by mechanical means. The fibre thus 
produced is of superior quality. The non-
retted mechanically extracted brown fibre is 
inferior in quality particularly in colour, 
length and flexibility.  *Author for correspondence 
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Fig.  1 : Map of Kerala state, India 

showing the distribution of backwater 

Total world coir production is estimated as 0.5 
million tonnes. India and Sri Lanka together 
contribute 90% of the global coir production. 
India has monopoly in white fibre production 
(135,000 tonnes per annum nearly 100% 
against total world production) Oxfam.2 Lack 
of modernization and long duration makes the 
retting process difficult and the white fibre 
production is in crisis. The coir industry offers 
considerably large employment opportunity in 
the country as a traditional cottage industry to 
women (Table 1).  
Environmental problems due to open 
retting 
Retting is natural biochemical operation practi- 
 

ced for the extraction of vegetable fibres like 
coir, flax, jute, ramie, abaca and hemp. In 
developed countries, most of these abandoned 
because of the extensive pollution caused to 
water bodies. Retting is a two-stage process; 
the first stage starts in the very early hour of 
immersion, called leaching is purely physical 
process in which materials like carbohydrates, 
tannin, nitrogen and fast hydrolysable 
compounds get leached out according to 
concentration gradient in ambient water. The 
pH of retting yards is significantly lower, than 
non-retting zone, which cause active migration 
of nektonic population. As the leaching 
intensity lowers, microorganisms act on 
polysaccharide like pectin and other 
biodegradable compounds to organic acids and 
gases.  At the end of this process inter lamellar 
region of the mesocarp get loosened, pith cells 
get separated and fibre surface become smooth 
and golden yellow colour (white fibre) with 
moderate polyphenol oxidation.   
The initial stage of retting is more polluting by 
the release of organic compounds, which use 
dissolved oxygen for oxidative polymerization 
of phenolic compounds.4,1 Formation of 
coloured recalcitrant humic substances restricts 
the water transparency. The productivity of 
these areas critically reduces and leads to an 
anaerobic ecosystem. The comparative study 
of eukaryotic and metazoan biodiversity in 
retting areas with non-retting zones showed 
serious deterioration of diversity especially 
higher metazoans. Low level of dissolved 
oxygen in the backwaters has adverse role in 
the fish population and fishery. The impact of 
fish scarcity becomes an important social 
problem among fishermen community.5  The 
presence of toxic chemicals and sinking of 
loosened pith adversely affect bottom soil

Table 1 : Employment in coir industry3 

Category Total workers Women % 
Women 

Fibre extraction 98800 55000 55.7 
Spinning 350000 30000 94.3 
Mfg 29000 5000 15.7 
Other 20000 10000 47.8 
Total 500000 400000 80 
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quality and crustaceans (as detritus feeder). 
The high organic content in the water provide 
an ideal brooding ground for mosquitoes and 
neighboring area become prone to vector born 
disease like malaria, filarialsis and dengue 
fever. Apart of this noxious smell of hydrogen 
sulphide emission from retting area results in 
air pollution and related health hazards.6 
Flooding during monsoon disperses these 
pollutants to surrounding areas ultimately 
damage the entire water body. Anaerobic 
environment leads the growth of methanogenic 
organisms and generates considerable emission 
of Green House Gas (GHG) from retting 
grounds. Scientific data regarding the pollution 
load thought complete retting process is really 
lacking. Considering above in mind, a green 
technology is required for retting without 
damaging livelihood and industry. Closed coir 
retting is a clean technology developed for coir 
retting.7  
Closed Retting (CR)  
Closed retting is a new concept developed at 
the National Institute for Interdisciplinary 
Science and Technology (CSIR), 
Thiruvananthapuram, Kerala, India. The 
important part of CR is a biological leaching 
bed, which provides removal of 
bioextractables from coconut husks and 
thereby achieves anaerobic degradation of the 
bonding between the fibres and matrices. The 

leached pollutants are pumped to a coupled 
high rate anaerobic reactor (UASB) that 
convert the dissolved organics to volatile fatty 
acids mainly the acetate to biogas (methane 
and carbon dioxide)  by microbial consortia. 
Biogas thus produced from the reactor can be 
collected and used as fuel. The low sulphate 
level in retting waster reduces the growth of 
SRB and biogas is substantially free of H2S.  
The CR needs about 30 days against 10 
months to open retting. It is a labour friendly 
and zero discharge process. The wastes 
material produced in this method is known as 
coir pith that can be used as a soil conditioner.   

MATERIAL AND METHODS 
Equipment  
A lab-scale leach bio-bed tank (61x61x93cm) 
having a gas tight cover and UASB (Upflow 
Anaerobic Sludge Blanket) reactor was 
employed for the present study (Fig. 2). Five 
liter sludge collected from anaerobic digester 
acclimatized in UASB reactor (cylindrical, 9L 
vol.) and maintained constant temperature 35 ± 
1oC throughout the experiment. The reactor 
was acclimatized with slow feeding of coconut 
husk leachate starting from 1, 2, 4, 8, 16 and 
32Kg. Data collection was started by filling 
leach bed with 30Kg fresh coconut husk 
procured from laboratory campus. 

 

1. Leach bio-bed reactor 
2. Water lock 
3. Biogas collecting doom 
4. Safety overflow device  
5. UASB high rate reactor 
6. Gas water separator 
7. Biogas collecting lines  
8. Wet gas meter 
9. Effluent line 

 

Fig.  2 :  Diagram showing reactor assembly and leaching bio-bed 
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Coconut husks of 10 month old (normally 
plucked for oil extraction) coconuts were used 
for this study. Triplicate samples were taken 
for measuring the initial moisture content. The 
husk were stacked in the leach bed tank in 
vertical posture to avoid gas trapping and filled 
with de-aerated water. The leachate was then 
balanced with nutrients, trace elements, and 
bicarbonate (Table 2(a) and Table 2(b)).  The 

soaked liquor was then pumped to USAB 
reactor for removing the pollutants. The 
reactor performance was monitored daily, 
parameters like influent and effluent COD, 
VFA, polyphenols, colour @ 700 nm, and gas 
production (wet gas meter) was recorded. The 
ret liquor was run through the reactor for 6 
month and data was collected and tabulated for 
studying leaching dynamics.   

Table 2(a) : Trace elements composition 

Compounds mg/L 
FeCl3 2000 
MnCl2. 2H2O 500 
Mg2EDTA 500 
NaSeO3 500 
H3BO4 100 
ZnCl 2 50 
NH4MoO24.4HO 50 
AlCl3 50 
CoCl2.6HO 50 
CuCl22HO 50 

Analytical methods 
All parameters were determined according to 
Standard Methods APHA. Total Volatile Fatty 
Acid (VFA) determined by titration Anderson 
and Yang. The leachate colour measured at 
700nm  in  UV/VIS Spectrometer for assessing  

the phenolic compound removal efficiency 
upon aeration. Gas compositions were 
analyzed by TOC 5000, Shimadzu, Japan 
periodically. The VFA profile analysis was 
done in GC Fisons–8000 Italy, fitted with FID 
detector.  

Table 2(b) : Nutrient solution compositions 

Compounds 
Concentration 
required for 
activity test 

Stock solution 
concentration 

in ppm 

Quantity in 5l 
stock solution 

NH4Cl 280 1400 7.0 
KH4PO4 250 1250 6.25 

MgSO4.7HO 100 500 2.5 
CaCl2.2H2O 10 50 0.25 

NaHCO3 400 2000 10.0 
Yeast Extract 100 500 2.5 

RESULTS AND DISCUSSION 
A contrast strategy has been developed from the 
conventional treatment of polyphenol rich Agro-
effluent was made for the present study. Highly 
reduced condition in the leaching tank and 
reactor avoid auto and oxidative polymerization, 
there  by   bringing   the   all   available   COD  to  

microbial accessible form for the complete 
removal of pollutants and polyphenol 
compounds form the leachate. The coconut husk 
immersed in the de-aerated water supplied with  
essential  nutrients  and  trace elements were 
pumped through the UASB reactor for remo-
ving  the biodegradable fraction present in the ret  
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liquor Table 3. The effluent from the reactor is 
recycled back to the leach bio-bed for continues 
leaching. The results showed the gas production 
in the reactor starts very early phase of 
immersion (15 minutes) denoting the presence of 
fast soluble fraction in the soaked fresh husk. 
The results of the present study reveal that initial 
leaching (up to 20 d from immersion) release 
large amount of soluble compounds to water. 
The leaching trends, COD leached g/d/kg husk 
and performance of the reactor as the biogas 
production was calculated and presented in Fig. 
3(a) to Fig. 3(c).  The parallel laboratory 
experiments reveal that leaching from soaked 
husk release considerable amount of sugars in 
early hours depending up on the maturity and 
seasons.  The presence of sugar in leachate cause 
fast formation of VFA. The unoxidised leachate 
in GC analysis shows incidence of different VFA 
fractions like acetic 71%, propionic (19%) and 
butyric acids (10%). The leachates circulated 
through column stops after 45 days by removing 
the initial leached COD inside the leach bed     

Fig. 3(c). The leaching intensity becomes 
constant after 45 days and the microbial 
population inside the leaching tank was 
enough for remove COD without accumulation 
Fig. 3(c). The Fig. 3(b) shows that continuous 
treatment of leachate allows gradual 
elimination polyphenols and coloured 
compounds (aeration test). The polyphenol 
concentration in leaching tank showed a steady 
leaching and sound reduction take place after 
45 days of immersion.  After the initial period, 
there was a sharp decline in gas production in 
reactor. A second phase starts with 
considerable gas production from the leach bed 
indicate microbial leaching. The pectin 
degradation was mainly taking place during 
second phase, releasing its monomer in to the 
ret liquor. The gas production from reactor and 
leach bio-bed was respectively 858 and 1072 L 
with in 6 month from 30kg raw husk. Gradual 
polyphenol degradation along with leaching 
observed throughout the experiment in 
unoxidised leachate (Fig.  4 and Fig. 3(b)).   

Table 3 : Inlet leachate characteristics 

Parameters Average Range 
COD mg/l                                         2206.4 396.8 - 5140.8                       
pH                                                     6.46 5.6  - 7.0 
Alkalinity mg/l                                18.61 2 -  36.76 
Polyphenol mg/l                               395.45 167.76 - 802.92 
Total VFA  mg/l                               880.73 4.77 - 2073.6 
Colour of unoxidised and 
oxidised leachate @ 700nm 

0.112 0.078 - 0.136 

The proximate analysis of coconut husk showed 
60 - 70% moisture and pith (17%), fibre (24%), 
pericarp (19%) and water extractable/ 
biodegradable (40%) on dry weight basis. The 
results of present study prove improved retting 
process with better quality of fibre in relatively 
very low background concentration of sulphate. 
Using sulphate free water, H2S-free biogas (65-
70% CH4) can be produced. According to the 
biogas yield from the laboratory experiments, the 
pollution load calculated from coir retting is 
estimated in Table 4.  
The pith is very stable material because of its 
very low carbon to nitrogen ratio (112:1). Saline 
free pith finds a market as horticultural potting 
media.  The dried pericarp is used as fuel in rural 

areas. Quality fibre (white fibre) production by 
the open retting process causes the release of 
large amount of biodegradable COD in to the 
water. The oxidation of these compounds causes 
the formation of recalcitrant humic substances, 
which is very difficult to degrade by 
microorganisms.6 Bhowmick and Debnath  
reported the periodic changes of water improve 
the quality of fibre and retting is efficient in 
anaerobic condition. The oxidation of ret liquor 
causes bad colour and poor quality fibre.  The 
less degradability of highly oxidized compounds 
in plant effluents is due to difficulty in 
penetration through the slime layer and fails to 
binds with sensitive sites (ie. functional proteins) 
of methane bacteria.  



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                   Vol. 7 No. 4A, April-June 2013 

1528 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.  3 : Operation and efficiency during continuous anaerobic treatment of 
coconut husk leachate in UASB reactor and leach bed. 3(a), (■) expressed gas 
production from reactor COD gm/d, (○) expressed gas production from tank 
COD gm/d, 3(b) (○) inlet polyphenol mg/l, (▲) Outlet polyphenol mg/l, 3(c) (○) 
COD leached g/d/kg husk. 
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Fig.  4 : Colour (700nm) of un-oxidized leachate and leachate after 15 min aeration 

Table 4 : Pollution load calculated for each tonne of retted fibre 

COD generated  

357700 t/y (equivalent to 1447.8lakh 
litre sewage), largest sectoral 
contribution to destruction of ecology of 
lakes in coconut husks retting area. 

CH4 emission  

89425 t/year @ 0.25 kg/kg COD, 
Greenhouse gas emissions from retting 
equivalent to 1877925 t CO2 /year (CH4 
greenhouse warming factor 21 times of 
CO2). 

H2S emissions  89,425 t/year from reduction of sulphate 
in saline water (75:25 for H2S: CH4). 

Water extractable/bio-degradable 
fraction 1.75 tonnes COD/ tonne fibre 

Pith 575 kg/ tonne fibre 
Pericarp 450 kg/ tonne fibre 
CH4 production (in sulpate free water) 490 m3/ tonne fibre 

          *Total white fibre form Kerala is 2.044 lakh tones8 

The aeration pre-treatment prior to anaerobic 
treatment reduce the toxicity effects of plant 
effluent by converting low molecular toxic 
substance to high molecular non-toxic 
recalcitrant compounds. In this study, we 
experience a different phenomenon that the 
accumulation of recalcitrant compounds reduces 
the efficiency of methanogens activity and COD 
removal. The methanogen sensitivity test (50% 
IC inhibitory concentration) was calculated for 
tannin monomer (300mg/l, Field and Lettinga), 
hydrolyzable tannins (700mg/l, Field and 
Lettinga), monomeric lignin derivatives likephe-

nolic acids (21 - 400mg/l) and methoxy phenols 
(1170 - >10500 mg/l, Benjamin et al.). Phenol 
and related compounds accumulated in the 
retting ground tends to increase pollutant loads 
and create an oxygen demand in the receiving 
water.9-11   
Incidence of p- hydroxyl-phenolic and methoxy 
compounds like benzoic, p-hydroxybenzoic, 
veratric, gentisic, syringic, p-coumaric, anillic 
and cinnamic acids has been reported in coconut 
husk soak liquor.  Anaerobic treatment of 
aqueous pine bark after aerobic auto-oxidation 
pre-treatment reported 98% removal of the 
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biodegradable COD. The micro organisms 
reduce the inhibitory effects of a wastewater 
drastically by mineralization or biotransforma-
tion of different aromatic compounds. Sierra et 
al. reported the non-toxicity and recalcitrant 
effect of polymerized lignin and tannins in 
anaerobic treatment.  The abatement of pollution 
in backwater is important because these are 
crucial nurseries and breeding grounds for 
shrimps and fishes as well as serve the habitat for 
sedentary organisms like clams, oysters and 
mussels. The release of large amount of phenolic 
compounds reduces the background-dissolved 
oxygen. The oxygen scavenging property of 
phenolic substance and toxicity of accumulated 
recalcitrant compound to aquatic organisms are 
studied earlier Field et al., Temmink et al. and 
Kumara et al.).6 Closed retting process is unique 
and has wide application in extraction of 
vegetable fibre. Non-polluting white fibre 
extraction processes through closed retting have 
following characteristics.  
 Production of high quality white fibre, 
 Be fully natural, 
 Cause zero pollution to water bodies,  
 Prevent Green house gas emission, 
 Renewable energy recovery and 
 Not reduce employment 

CONCLUSION 
The white fibre production through water retting 
is unique to Kerala, India and cause heavy 
pollution. The closed coir retting is green method 
technology in all respects, enabling extraction of 
high quality fibre and pith while preventing 
water and air pollution. 
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