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Table 1 Degradation and juvenile predominance in tomato skin and
seed waste
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The use of  vermicomposting as an environmental management and as a potential recovery option has been applied for appropriate
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The central top portion was elevated by approximately 10 cm
for proper drainage. Initially, a 2.5 cm thick layer of  fresh cow
dung (easily biodegradable substrate) having near neutral pH
was spread in the pit and vermicastings at 20 kg/m2 was spread
over it, which was then covered with another fresh cow dung
layer of  5.0 cm. Finally the beds were covered with paddy in
order to minimise evaporation. Regular sprinkling of  water was
done in order to maintain a moisture level of  about 60%. The
earthworms hatched out in nearly 20 days - 25 days. These beds
which were prepared some four months earlier were used for
experimental purposes. Therefore, lot of  cocoons were already
existing along with juveniles (new born earthworms),
nonclitellates (immature earthworms) and clitellates (matured
earthworms). Many of  these cocoons which were in a matured
state, later on hatched into juveniles who participated in full scale
substrate conversion. The monitored approximate population
of  the hatched earthworms is symbolically shown in Table 1.

Organic
Loading I  (2.5cm thick)

Organic
Loading I I  (5.0cm thick)

Day

Juvenile
Predominance

Degradation DegradationJuvenile
Predominance

0 – – – –

7 X – X –

14 XXX X XX X

21 XXXX XX XXX XX

28 XXXX XXX XXXX XX

35 XXXXX XXXX XXXXX XXXX

45 XXXX XXXX XXXX XXXXThis modified paper was received on April 08, 2003. Written comments on
the paper will be received till December 31, 2003.
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INTRODUCTION

India’s agro-industrial sector contributes substantially towards
organic solid waste generation. This huge potential resource of
plant nutrient in the form of  waste, is either thrown away or
buried or burnt causing environmental pollution. Harnessing of
this waste through vermiculture technology (vermiprocessing
or vermicomposting) could mean disposal of  the waste along
with valuable manure yield. Vermiculture technology, an
alternative of  energy efficient recycling process utilises organic
solid waste as material for further recovery at the generation site
itself. Vermiculture technology involves use of  earthworms as a
versatile natural bioreactor for biodegradation and stabilisation
of  organic wastes in much shorter times than the composting,
the most recommended method for treatment of  organic solid
wastes in India13 . This processing results in vermicastings, a
rich manure with high nitrogen (N), phosphorous (P) and
potassium (K) contents, and used as a quality manure in agricul-
ture and horticulture sectors2.
A techno-economic management of  organic solid wastes gene-
rated in an industry involved in the manufacturing of  tomato
based products and thereby producing tomato skin and seed as
solid waste, is presented herein.

MATERIAL AND METH ODS
Vermicasting of  deep burrowing earthworm species (Pheretima
elongata) were procured from the Bhawalkar Earthworm Research
Institute, Koregaon, Pune, and used as earthworm inoculum.
Vermibeds for pilot scale testing were prepared on natural ground
surface of  plan size l m × l m with brick lining on all sides.

30 IE (I) Journal– EN



Table 2 Characteristics of  tomato skin and seed waste

Parameter Magnitude

Initial
(At generation point)

Final
(Vermicasting)

Bulk density, kg/ m3 502.76 1462.50

Moisture, % 75.20 69.60

Temperature, °C 80 – 90 1 – 2

Total solid, % 24.80 30.40

Volatile solids, % 23.60 26.00

Ash, % 1.20 4.40

pH 4.20 7.10

Organic carbon, % 47.58 42.76

Glucose, mg/ ml 0.07 0.04

to vermibeds at the stated temperature might cause death of
earthworms3 as the upper lethal temperature ranges between
25°C  – 38°C. The pH value of  4.2 showed its acidic nature and
therefore neutralization of  the waste was required before
feeding to the vermibeds. The waste consisted of  24.8% total
solids, 23.6% volatile solids and 1.2% ash. The glucose content
of  the waste was found to be 0.07 mg/ml .

Substrate Degradation and Juvenile Predominance

Visual observations were recorded for degradation and juvenile
predominance during vermiprocessing at different intervals. The
energy demand of  small immature juvenile earthworms is greater
than that of  large non clitellate and clitellate earthworms.
Juveniles have accordingly been reported to consume more food5.
Juvenile predominance (Table 1) has therefore been taken as a
criterion for assessment of substrate preference along with visual
observations with regard to the degradation of  waste. Mangold11

and Satchell18 have reported that many types of  organic matters
were unattractive to earthworms. Ramachandran16 has also re-
ported that earthworms exhibit marked selectively towards con-
sumption of  different types of  substrates.

Visual observations of  degradation and juvenile predominance
as given in Table 1 shows that after 7 days of  feeding, some
juveniles were seen processing waste but no degradation was
observed which might be attributed to palatability of  earthworms
and requirement of  initial stabilisation of  waste by micro
organisms. An increase in juvenile number as well as some
degradation was observed on 14th day. This fact is manifested
from the visual data as presented in Table 1 which speaks of
continuously increasing rate of  vermiconversion and casting
generation. This had been indirectly manifested through the

However, a track of  cocoons increasing population could not be
observed. Fresh tomato skin and seed solid waste were collected
from an industry for evaluating its degradability, organic
loading, microbial activities, etc. Two different bed thicknesses
of  the substrate of  2.5 cm and 5.0 cm, respectively were main-
tained in two separate experimental beds after neutralising the
pH with lime. Samples from these plots were drawn at weekly
intervals till 45 days and analysed for various parameters, namely,
substrate preference test, bulk density, total solids, moisture
content, volatile solids, ash content, reducing sugars, organic
carbon, and microbial analysis (isolation of cellulolytic bacteria,
amylolytic bacteria and lipolytic bacteria). All physical and
chemical characterisations were performed in accordance with
standard methods21.

Microbiological analysis was done by the pour plate method and
dilution was done in normal saline. The medium used for isola-
tion of  cellulolytic bacteria was that of  Hungate (1950)8 with
slight modification. The colonies were further identified by the
congo red method22. Starch agar plate and tributyrin agar plates,
respectively, were employed for isolation of  amylolytic and lipo-
lytic bacteria1.

RESULTS AND DISCUSSION

The results of  different experimental and visual observations
before, during and after treatment of  the waste are presented
and discussed in the following categories:

• characterization of  waste,
• substrate degradation are juvenile predominance, and
• degradation pattern at various stages

Characterization of  Waste
The characteristics of  the waste are presented in Table 2
showing that it contained 75.20% moisture and had a bulk
density of  502.76kg/ m3. The temperature of  the waste (at gen-
eration point) was in the 80°C– 90°C range and hence
necessitated storage for temperature stabilization as its feeding Figure 1  Characterisation and microbiological test results of  tomato skin

and  seed.
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reduction of carbon content in the initial and final states of the
substrate. The juveniles increased progressively up to 35 days in
which time, almost 100% degradation was observed. A slight
decrease in number was observed on 45th day which can be the
result of  non–availability of  food due to stabilisation of  waste.
As for the effect of  organic loading, it was observed that at the
lesser depth, the population of  the juveniles started predomi-
nating earlier.

Degradation Pattern at Various Stages

Figure1 depicts the biological and chemical changes during
vermiprocessing of  tomato skin and seed waste. The para
meters monitored during degradation of  waste included count
of  microflora (cellulolytic, amylolytic and lipolytic bacteria),
trends of  reducing sugars, total solids, volatile solids and ash
content. As mentioned earlier, the moisture level of
vermiprocessing substrate was maintained at 60% to 70%
during the entire degradation period because the earthworms
have 75%-90% water content of  their total body weight7. There-
fore, prevention of  water loss is a major problem of  earthworm
survival. Although, the earthworms can survive in drought
conditions but prolonged suboptimal moisture levels may cause
decrease in earthworm population which may subsequently re-
quire considerable time to recover3.

The total solids were observed to slightly increase from 24.8% -
30% in the initial period of  0 to 7 days due to a reduced rate of
sprinkling of  water which was maintained at about 70% at the
end of  7 days compared to about 75% at the start (such that the
rate of  evaporation and rate of  water sprinkling were in a
balance to maintain a moisture content at about 70%), whereas
it almost continuously maintained a constant pattern of  30%
thereafter. This could be attributed to the simultaneous conver-
sion of  organic matter to vermicasting resulting in very little
changes in total solid content.

The initial degradation took place due to microbial action. The
waste got degraded in the presence of  suitable hydrolytic
microflora which secrete specific hydrolysing enzymes for
carbohydrate, lipid, protein and cellulose to get them converted
into simpler and metabolizable forms such as monosaccharides,
fatty acids, glycerol, amino acids and glucose. The maximum
increase in hydrolytic microflora was observed from 0 -14 days
period. This increase in microbial population may be ascribed to
conversion of  waste into simple forms of  nutrients which help
in the growth of  concerned population of  hydrolysing bacteria
(as observed in the initial growth stage) as well as weathered and
softened substrate was consumed by earthworms more easily
due to its increased palatability 3. The consumed waste passes
through the gut of  earthworms which has been considered an
effective natural tubular bioreactor15. The gut provides ideal
environmental conditions of  temperature, pH and oxygen con-
centration for speedy growth of  useful aerobic bacteria, thus
resulting in considerably higher microbial population. The gut
also serves as a colloidal mill in which the feeded waste is grinded
into finer particles in size, which provide enhanced surface area

for microbial activity23,4. The haemoglobin of  earthworms get
saturated with oxygen due to its greater affinity, which ensures
rich supply of  oxygen to microorganisms in the gut resulting in
processing of  the organic matter under complete aerobic condi-
tions which prevents formation of  foul smell and obnoxious
compounds4. On a log scale amylolytic bacteria increasedfrom
4.079 to 5.255, cellulolytic bacteria increased from 4.491 to 5.447
and lipolytic bacteria increased from 5 to 5.518 in the initial 14
days. They continued to increase up to 21 days when amylolytic
bacteria increased from 5.255 to 5.279, cellulolytic bacteria
increased from 5.447 to 5.544 and lipolytic bacteria increased
from 5.518 to 5.60 indicating that maximum microbial activity
occurred during this period only. The absolute increase in
numbers and rate of  increase were 12 ×103 cfu/ ml to 18
×104 cfu/ ml, 1400%; 31×103 cfu/ ml to 28 ×104 cfu/ ml,
803.22% ; 10 ×104 cfu/ ml to 33×104 cfu/ ml, 230%, in case of
amylolytic, cellulolytic and lipolytic bacteria, respectively in first
14 days and subsequently 18 ×104 cfu/ ml to 19 ×104 cfu/ml,
5.5%; 28 ×104 cfu/ml  to 35 ×104 cfu/ml, 25%; 33 ×104cfu/ ml
to 40 ×104 cfu/ ml, 21.21%, in 14 days to 21days. The difference
in rate of increase in different microbial population can be
ascribed to their substrate requirements, rate of  assimilation and
doubling time. The increased growth of  microflora (amylolytic,
cellulolytic and lipolytic bacteria) could be correlated with the
secretion of  amylases, cellulases, lipases and proteins respectively
which helped in breaking down of  complex polymers like cellu-
lose, carbohydrates, proteins, lipids, etc into simple molecules.
The same type of  hydrolytic activities regarding degradation of
carbohydrates, proteins, lipids were also supported by earth-
worms

6, 14
. These simple molecules are further utilised by micro-

organisms. The increase estimable in three orders of  magnitude
in cellulolytic aerobes have also been observed by Allievi, et al

1

while  studying microflora modification in vermicomposting of
rabbit  manure.
The increase in hydrolytic microflora was also correlated with
the increase in reducing sugar content (glucose at 0.07mg/ ml
to 0.24mg/ml), which was found increasing till 14 days. This
showed maximum release of  simple sugars (ie, the reducing
sugars) from breakdown of  complex carbohydrates during this
period (14 days). The conversion of  complex form substrate
into simpler and metabolisable form was due to secretion of
hydrolysing enzymes by hydrolytic microflora because glucose
and other monosaccharides are the most preferable substrates
for their growth and multiplication. The increased level of  simple
sugars provided suitable substrate which caused active and
exponential growth of  microf lora during this phase of
degrdation.

Subsequently, a decrease in reducing sugars was observed after
14 days. The decrease of  reducing sugars after active growth of
microflora corresponded with very little increase and almost a
static population of  hydrolytic bacteria up to 28 days. This could
be due to feedback inhibition and repression offered by suffi-
cient level of  easily degradable carbohydrates present in the
substrate during this phase as well as the existing bacterial
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population could have assimilated the reducing sugars.The
estimation of  fermentable organic substances in the raw
material for vermiprocessing has been reported to be a good
indicator of  biodegradability by Shanthi, et al. Further, the  volatile
solids has shown a decreasing trend (at 28.4 in 7 days to 28 in 14
days to 27.6 in 21 days to 26.6 in 28 days to 26 in 45 days). This
trend of  volatilisation along with the decrease in reducing
sugars indicate probable conversion of  substrate and simple
sugars into water, carbon catabolic substances like organic acids
and carbon dioxide, ammonia and heat after consumption by
microorganisms and thereby simultaneous conversion into new
cells during this phase of  degradation. After 28 days a stabilisation
phase had been observed with respect to content of  reducing
sugars as reducing sugar reached below initial level due to con-
sumption by microflora while micro flora had shown a decrease
in 28 days to 45 days (amylolytic bacteria decreased from
18× 104 cfu/  ml to 45× 103cfu/  ml, celulolytic bacteria decreased
from 40× 104 cfu/  ml to 60× 103 cfu/  ml, lipolytic bacteria
decreased from 45× 104 cfu/  ml  to 80× 103  cfu/  ml) because
easily metabolisable sugar was not available which caused death
of  microflora during this phase.

Almost four fold increase (from 1.2% initially to 4.4%) had been
observed in ash content in a peroid of  45 days. The increase in
ash content may be attributed to volatilisation of  substrate and
thereby reduction in volatile part of  substrate as degradation of
waste advances and only resistant organic matter and dead cells
which principally constitute cellulose and lignin remained in
substrate after stabilisation. Similarly, Inbar, et al9 had reported a
two fold increase in ash content in windrows composting of
fibrous substrate, which is the result of  organic matter decom-
position. The above results are also supported by the findings
of  Kavian and Ghatnekar10, who had reported about two fold
increase in ash content with vermiprocessing of  dairy sludge
cake mixed with saw dust, buffalo manure and news paper using
L rubellus. A decrease in organic carbon was observed by com-
paring the same in case of  ingesta (feed) 47.58% and egesta
(vermicasting) 42. 76%. The decrease amounting to 10.13%
(percentage difference) is a measure of  biodegradation and
conversion of  waste into carbon catabolic substances, water, heat,
and microbial mass. In another report, Morgan and Morgan12

had showed 28% to 41% decrease of  organic carbon in egesta
as compared to that of  ingesta for L terrestris and A longa.

PRACTICAL APPLICATION
The technology of  vermiculture was proposed for the manage-
ment of  tomato skin and seed waste at a food processing indus-
try. The main product of  industry is tomato paste and as by-
product it produces 15t/ day to 20t/ day tomato skin and seed
waste.  The crushing seasonal time of  industry is 60 days (May-
June). The raw material for this industry is tomatoes. Tomatoes
carried by trucks, trolleys and crates are first unloaded into un-
loading pools. Through unloading pools, tomatoes pass onto
the sorting table through bar elevators. Tomatoes are given a
wash under a series of  sowers and then moved onto the

horizontal section where sorting is done manually. Materials other
than tomatoes, mold effected, worm effected, yellow, green and
other undesired materials are collected separately as sorting waste.
The tomatoes are then fed to chopper and moved to a hot break
system. Product from the hot break system then passed on the
pulper/  refiner unit and pulp is extracted using screens. The
remaining material in the form of  skin and seed is produced as
by-product (about 4%- 6%) and collected as solid waste. The
waste characteristics were as follows: i) total solid waste-gener-
ated = 1000 tones per year, ii) solid waste to be treated per day =
2.74 tones, iii) particle characteristics: fibrous material (sieving
not possible), iv) loose bulk density = 502.76 kg/m 3, v) mois-
ture content = 75.20%, vi) pH = 4.2, and vii) temperature =
80°C- 90°C.

The process for the entire package included the area and design
of  bins. As there was no waste which could be teated after the
end of  season of  tomatoes, the solid waste generated in 60 days
after the end of  season would be utilised to run the vermi-
processing plant throughout the year. The waste has a quality
that it did not decompose even if  it was stored for full year
either in open of  buried in ground. Thus there was no harm in
storage of  this waste to run the vermiprocessing plant for the
whole year. The waste would be spread on the bed in 3.5 cm
thick layer at 15 days interval as top feeding and its pH should
be neutralised adding lime powder @7.9 g/ kg of  waste. Five
additional bins were required for storage of  solid waste, thus
total bins required should be 20. Area required per day = (2.74
× 1000)/  (502.76  × 0.0351) = 156 m2, ie, 26m × 6m), say.
Other requirements include: i) vermicasting @ 20 kg per m2 (for
15 bins only)= 15 × 26 × 6 × 20= 46800 kg, say 47 tones,
ii) cowdung required (7.5 cm thickness)=15 × 26 × 6 × 0.075=
175.5 m3, iii) lime @ 7.9 g/ kg= 7.9 × 2740/ 1000= 21.65 kg per
day,  iv) monthly lime required= 21.65 × 30= 650 kg and
v) irrigation: source of  water supply to make water available for
minimum 5 h-6 h per day is required. Sprinkler system along
with pump and control valves is also required.

In the treatment schedule preparation of  bed, feeding of  waste
and collection of  vermicasting were considered. The
vermiprocessing bed were prepared as presented in material and
methods. After one month of  preparation of  beds, feeding in
the beds can be started. Initially waste may be applied @ 10%
of  total waste to be treated per day and it should be increased to
full organic loading, ie, 3.5 cm thickness in two months. Other
factors as presented in material and methods should be main-
tained. Small quantity of  vermicasting can be spread on top of
the solid waste in bed.

Vermicastings can be collected once in a year or as required from
each bin. Two months prior to collection of  vermicasting,
feeding of  the waste should be stopped and sprinkling of  water
in the bin should be stopped one month before collection
of  vermicastings. Thereafter vermicastings can be collected
from bins. After collection of  vermicastings fresh waste should
be applied to beds and sprinkling of  water should be started.
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The earthworms will come out and start processing of  the
waste.The project requires an estimated capital investment of
Rs7 lacs and monthly running cost Rs 10 000. The project was
expected to yield vermicastings (as a by-product) and could be
sold @ Rs5000 per ton and thus generate a revenue of  Rs10 lacs
per year. The project will be a profit making business besides
solving environmental problems due to solid wastes, because
break-even point (the status where investment equals the
earnings) will arrive within the same year of  adoption of  this
technology 20

.

CONCLUSION

The waste characterisation has indicated the necessity for cer-
tain pretreatments like pH neutralisation of  tomato skin seed as
well as storage for a few days in view of  high temperature at the
point of  generation for optimum microbial activity and impro-
ving its earthworm palatability. The maximum predominance
of  hydrolytic microflora was observed up to 14 days which corres
-ponded with maximum increase in reducing sugar content
during this period indicating maximum release of  sugars by the
microflora from the complex carbohydrates during this phase
of  degradation. Further, a phase of  stabilisation was observed
after 28 days corresponding with a declining population of
hydrolytic microflora. The ash content showed a four fold
increase of  tomato skin and seed waste depicting decomposi-
tion and mineralisation of  organic matter present in initial waste.
This was substantiated by recording a decrease in organic
carbon amounting to 10.13%.
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