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Different silkworm residues in combination with paddy straw were evaluated for button
mushroom (Agaricus bisporus Lange) production. The substrate was prepared by
substituting silk worm leaf litter, silk worm excreta and spent silk moth residue with paddy
straw at 25 and 50 percents. The yield and bio-efficiency of button mushroom was found
to be highest in control treatment, paddy straw (927 g per 5.00 kg substrate and 61.80%,
respectively) and the yield was ranged between 890 and 760 g per 5.00 kg substrates
prepared with paddy straw in combination with silk worm leaf litter, silk worm excreta and
spent silk moth residue. Nutritive value of mushrooms showed that the protein and fat
contents were high in the mushrooms grown on substrate combination of paddy straw plus
spent residue of silk moth (29.50% and 4.70). The total sugar was high in the treatment,
paddy straw supplemented with silk worm leaf litter (28%). During the composting it was
observed that the microbial counts like bacteria, fungi and actinomycete had increased up
to 21st day of compost preparation and decreased thereafter, while the contents of cellulose
and lignin had decreased with the progress of composting.

Introduction
Sericulture offers a wide range of by-products,
which have diverse utility, either by direct or
indirect way in agriculture and rural cottage
industry as well. Mulberry shoots are used as
fuel source and also for paper making, fruits
for jam, juice and wine preparation (Reddy et
al., 2011). Components like chlorophyll,
carotene, phytol and pectin are extracted from
the silkworm faeces for use in the manufacture
of edible colours, candy, wine, ice-creams and
medicines for gastric, ulcer, liver and blood
diseases (Aruga, 1994). Silkworm litter is used

as feed for cattle, sheep and goats and the
excreta for biogas production (Somanna,
1995). Silkworm pupae are utilized in the
extraction of oil, which finds its usage in
soaps, paints, etc. The pupal powder has
amino acids, vitamins etc., which is used as
feed for poultry, fish, swine, cattle and as
manure. The dead pupae along with larvae and
moths are used in organic composting and
excreta and silkworm litter is used in
vermiculture (Das et al., 1997).
The sericulture waste is a good source for
composting with mixed plant residues
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(Sharma et al., 1999) and the mulberry stem
can be a source of oyster mushroom
production. Several researchers substituted the
byproducts of sericulture, mainly the stem
with paddy straw in the cultivation of oyster
mushroom (Madan and Vasudevan, 1989;
Reddy et al., 2000) but the utility of various
sericulture wastes in the cultivation of button
mushroom is still to be evaluated and
exploited. Mushroom is a rich source of
protein, vitamins and minerals, which provide
nutritional security, economic stability and
employment to rural people (Royse, et al.,
2016). Agaricus mushroom is an efficient
lignin degrader that can be grown on different
lignocellulosic wastes (Navi et al., 2011;
Reddy et al., 2011). Looking into the
availability of large quantities of sericulture
wastes in other words residue in and around
the Bangalore region we have tried the
possibilities of utilizing the sericulture residue
for button mushroom (Bombyx mori L.)
cultivation.
Materials and Methods
The study was conducted at mushroom house,
College of Agriculture, University of
Agricultural Sciences, Bangalore. The
different residues obtained after rearing
mulberry silk worm and production of silk
were subjected for their possibilities of
Agaricus
mushroom
production.
The
silkworm litter is mixed in different
combination with paddy straw and chicken
manure to prepare compost (Reddy et al.,
2011). The standard compost (control) was
prepared by following long method of natural
fermentation, using the substrates paddy
straw, chicken manure, wheat bran and
gypsum in the ratio of 100.0 kg: 15.0 kg: 5.0
kg: 3.0 kg respectively and this recipe formed
the 100 per cent concentration of the
substrates. For the treatments, the paddy straw
and chicken manure were substituted with
other residues. The silkworm leaf litter 100

kg, silkworm excreta 15 kg and spent silk
moth 5 kg formed 100 per cent concentration
in the study.
The compost was prepared on a clean
composting platform after disinfecting with
2% formalin. The base material, paddy straw
was spread on the floor to a height of 25 to 30
cm, made wet by spraying water and turned
using forked iron rod. The wetting and turning
continued for 5 days and after complete
wetting, stacked for 24 h. All other recipe
materials were added to the wet straw as per
the treatments, sprinkled with water and
composted. On 6th day the first turning was
given to ensure uniform mixing and
composting. Second, third, fourth, fifth sixth
and seventh turnings were given on 10th, 13th,
16th, 19th, 22nd, 25th days at an interval of 3
days. The compost was ready by 28th day, had
70 per cent moisture and it was used for
mushroom production.
The method outlined by Pandey and Tewari
(1993) was followed for the mushroom
cultivation. The composts were processed by
autoclaving at 121° C for 3 h and allowed to
cool by spreading over polythene sheet.
Individual composts were packed separately
into polythene bags of 15 × 20 cm and 150
gauges; with inter spread layers of spawn at 10
cm and 5 cm from top of the cover at the rate
of 50 g per 5 kg compost. The bags were
arranged on the iron racks by covering with
newspaper on top. Watering was done on the
newspaper. The relative humidity of 80 to 85
per cent and temperature of 26 ± 2°C were
maintained. After two weeks of spawn run
period, when compost was fully covered by
mycelium, the newspaper was removed and
casing was done by covering the compost with
casing material to a thickness of 2 inches. The
casing material was prepared from FYM and
garden soil in the ratio of 1:1. The temperature
was lowered to 18°C ± 2°C and fresh air with
85 to 90 per cent relative humidity was
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maintained. The changes resulted in initiation
of pin heads and during this period mist
watering was done. When mushrooms were at
pea size, little heavy watering was done
(Reddy et al., 2011). Mushrooms appeared in
flushes between 3 and 5 days duration and
they are harvested at an interval of 7 to10
days. Likewise, 4 to 6 harvests were done
from 4 to 8 weeks. The yield of sporophores
was expressed as g per 5 kg dry substrate and
bio-efficiency of the substrate was calculated.

T1 (3.00%) and ranged from 3.00 to 4.69 per
cent in treatments. The highest phosphorous
content was observed in the treatment T3 (4.69
%) followed by T2 (4.53%) and T7 (4.11 %).
After cropping the phosphorus content slightly
increased in the substrates. Similarly the
potassium ranged from 1.67 to 2.52 per cent
and 1.74 to 2.58 per cent before and after
cropping, respectively. The potassium content
did not vary much, but has increased slightly
after the cropping (Table 1).

Nutrients in the substrate such as nitrogen,
phosphorous and potassium were estimated
before and after cropping; microbial counts
like bacteria, fungi and actinomycetes,
cellulose and lignin contents in the compost at
different stages of composting, yield and
nutritional status of mushrooms produced in
the above mentioned treatments were
estimated. Nitrogen was determined by
Kjeldhal method as outlined by Bremmener
(1979). Phosphorus and potassium was
estimated by the procedure given by Jackson
(1973). Cellulose was by calorimetric method
using anthrone reagent and lignin by aciddetergent method as outlined by Sadasivam
and Manickam (1996). The protein (Jackson,
1973), carbohydrates, fibre and fat (Sadasivam
and Manickam, 1996) were estimated to
determine the nutritional status of mushroom.
Results and Discussion

The increase in NPK content in compost may
be due to the accumulation of mycelial mass
in the strata (Chang, 1990; Reddy et al., 2000)
as well as the reduction in the biomass after
composting resulting in mineralization of the
nutrients (Cortez, 1996; Bechara et al., 2005;
Shankarappa et al., 2015). The microbial
counts like bacteria, fungi and actinomycetes
were least on zero days and increased in
population up to 28th day of composting
(Table 2). On 28th day of composting the
population, the bacterial counts ranged
between 8.30 and 9.57 x 106 CFU per gram, it
was higher than fungi (7.47 and 8.63 x 104
CFU per gram and actinomycetes (7.23 and
8.90 x 102 CFU per gram. The results suggest
that the bacterial counts were higher than
fungi and actinomycetes perhaps due to their
fast multiplication rate and their small size
(Rainey et al., 1990; Nugaeva, 2000; Reddy et
al., 2011).

The nutrient status in the recipe made for the
composting had shoved variation before and
after fermentation. Nitrogen was found to be
significantly highest in the treatment T3 with
4.56 per cent followed by T2 (4.56%), T7
(4.18%) and was least in control i.e., T1
(3.51%) before cropping. After cropping the
nitrogen content had increased slightly in the
treatments and it was highest in T3 (4.85%)
followed by T2 (4.63%), T7 (4.20 %) and least
in T1 (3.63 %). The phosphorus content also
varied in the treatments, it was least in control

The cellulose and lignin context in the
substrates was found to be varied significantly
in all the treatments (Table 3). The cellulose
and lignin had decreased drastically from 0 to
28th day of composting because of natural
aerobic fermentation caused by mixture of
natural microflora present in the substrates.
The highest cellulose content was observed in
the treatments T8 (27.83 and 25.33 %)
followed by T1 (27.60 and 25.33 %) and T4
(27.57 and 24.67 %), before and after
decomposition respectively.
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The substrate combinations exploited for the purpose of compost making in the experiment
are as follows
T1

Paddy straw (100%) + Chicken manure (100%) + wheat bran (100%) + Gypsum
(100%) (Control)

T2

Paddy straw (75%) + Silkworm leaf litter (25%) + Chicken manure (100%) + wheat
bran (100%) + Gypsum (100%)

T3

Paddy straw (50%) + Silkworm leaf litter (50%) + Chicken manure (100%) + wheat
bran (100%) + Gypsum (100%)

T4

Paddy straw (100%) + Silkworm leaf litter (25%) + Chicken manure (75%) + wheat
bran (100%) + Gypsum (100%)

T5

Paddy straw (75%) + Silkworm leaf litter (25%) + Silkworm excreta (25%) + Chicken
manure (75%) + Wheat bran (100%) + Gypsum (100%)

T6

Paddy straw (75%) + Silkworm leaf litter (25%) + Spent silk moths (50%) + Chicken
manure (50%) + Wheat bran (100%) + Gypsum (100%)

T7

Paddy straw (50%) + Silkworm leaf litter (50%) + Spent silk moths (50%) + Chicken
manure (50%) + Wheat bran (100%) + Gypsum (100%)

T8

Paddy straw (100%) + Silkworm excreta (25%) + Spent silk moths (25%) + Chicken
manure (50%) + Gypsum (100%)
Table.1 NPK contents of compost before and after cropping of button mushroom on various
silkworm based substrates

Treatments

Before cropping (%)

After cropping (%)

T1

N
3.51

P
3.00

K
1.67

N
3.63

P
3.05

K
1.74

T2

4.56

4.53

2.43

4.63

4.59

2.52

T3

4.79

4.69

2.52

4.85

4.75

2.58

T4

3.47

3.42

1.81

3.56

3.48

1.85

T5

3.64

3.50

1.97

3.68

3.62

2.09

T6

4.01

3.98

2.13

4.08

4.03

2.15

T7

4.18

4.11

2.15

4.20

4.19

2.21

T8

4.07

3.90

2.16

4.13

3.95

2.24

Sem ±

0.29

0.52

0.57

0.44

0.24

0.63

CD at 5 %

0.65

1.14

1.19

0.96

0.53

1.38
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Table.2 Microbial counts in the compost at different stages of composting of various substrates
Bacteria (CFU 106 g-1)
Days
0
14
28
3.93
7.47
8.30
4.93
8.37
8.97
4.40
9.23
9.53
3.60
9.13
9.17
3.67
7.83
8.60
3.80
7.87
8.63
3.60
9.10
9.40
4.53
9.10
9.57
0.28
0.25
0.59
0.62
0.65
1.29

Treatments
T1
T2
T3
T4
T5
T6
T7
T8
Sem ±
CD at 5 %

Fungi (CFU 104 g-1)
Days
0
14
28
5.07
7.33
7.47
4.27
7.47
7.70
3.90
7.47
7.83
4.47
8.00
8.33
3.97
8.13
8.20
4.30
7.80
8.00
4.70
8.00
8.17
5.50
8.53
8.63
0.33
0.19
0.24
0.74
0.42
0.54

Actinomycetes (CFU 102 g-1)
Days
0
14
28
4.31
6.60
7.23
5.31
7.20
7.57
5.13
7.40
7.67
3.87
6.20
6.53
3.89
7.47
7.70
4.27
7.47
7.67
4.20
8.67
8.90
4.84
7.80
8.50
0.21
0.58
0.64
0.48
1.26
1.39

Table.3 Cellulose and lignin contents in the compost at different stages of
composting of various substrates

Treatments
T1
T2
T3
T4
T5
T6
T7
T8
Sem ±
CD at 5 %

0
27.83
17.47
20.10
27.57
25.53
24.97
20.23
27.60
0.54
1.17

Cellulose (%)
Days
14
25.33
15.83
17.53
25.33
22.00
22.67
18.00
25.33
0.56
1.22

28
24.33
15.17
16.87
24.67
21.33
22.00
17.33
24.67
0.55
1.20

0
24.00
21.67
19.33
24.00
22.00
22.00
20.00
24.33
0.69
1.52

Lignin (%)
Days
14
22.33
20.33
18.67
22.67
21.00
21.00
19.33
22.67
0.49
1.08

28
20.33
18.33
16.67
20.67
12.67
15.67
14.33
20.67
2.61
5.69

Table.4 Button mushroom yield and nutrition status as influenced by various
silkworm based substrates
Treatments
T1
T2
T3
T4
T5
T6
T7
T8
Sem ±
CD at 5 %

Button mushroom
yield (g)
908.67
845.67
837.33
856.67
795.94
813.37
814.67
857.33
5.33
11.62

Bio-efficiency
(%)
60.57
56.37
55.82
57.11
53.06
54.72
54.31
57.15
-

Proteins
(%)
26.54
29.75
29.89
27.71
27.93
29.57
28.94
28.45
0.49
1.08
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Total sugars
(%)
51.00
50.67
50.00
49.67
50.67
53.33
52.30
52.77
2.03
4.43

Fat (%)

Fibre (%)

5.96
4.62
4.68
4.85
4.64
3.76
4.29
4.27
0.08
0.17

9.75
8.89
8.81
8.75
8.65
8.66
8.64
9.20
0.06
0.14
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Similar trends were also observed in all these
treatments for lignin content. The results
suggest that where ever the paddy straw was
used at 100 % concentration had highest
cellulose and lignin contents as against its
substitution, because of the nature of the paddy
straw used in the composting. During the
fermentation the fermentative microflora may
have secreted the hydrolytic enzymes required
for degradation of cellulose and lignin such as
cellulases and ligninases (Shankarappa et al.,
2015; Shankarappa et al., 2016).

variation exhibited with respective values of
button mushrooms grown on different composts
might be due to the varied composition of
nutrients in different substrates, which might
have contributed to the nutritional profile of
mushrooms (Madan and Vasudevan, 1989;
Poppe, 2000).
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