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free amino acid, Total carbohydrate, N, bran, neem cake, dry azolla, vermiwash and dry biogas slurry. In addition to increased
PandK yield, the organic supplements significantly increase thecrude protein, total free

aminoacid, total carbohydrate and nutrients like N,P and K in oyster mushrooms.
Nutrient content of the mushrooms varied with different concentrations of organic
amendments used. In P, florida, H. ulmarius and P.tuber-regium paddy straw amended
with dry azolla gave higher amount of crude protein content (35.4, 35.3 and 34.9,
respectively). Paddy straw amended with dry azolla at 4 per cent, 6 per cent and 5 per
cent, respectively recorded the maximum total free aminoacid in P. florida (0.6%), P.
sajor-caju (0.43%) and H. ulmarius (0.56%). The major nutrient elements like N, P and
K content also increased with addition of organic amendments.Thus, it is concluded
from the study that supplementation of rice straw with rice bran, Neem cake, dry azolla,
vermiwash and dry biogas slurry has strong impact in improving the crude protein,
total free aminoacid, total carbohydrate and essential mineral nutrients such as N, P
and Kcontent of oyster mushrooms.
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INTRODUCTION of oyster mushroom is largely due to its taste, delicious

flavour, medicinal and nutritional properties. Oyster
mushroom is regarded as one of the commercially
important edible mushrooms throughout the world. The

Mushroom cultivation, a profitable and ecofriendly
enterprise, involves the bioconversion of cellulose wastes
into edible biomass. The growing increase in consumption
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most commonly cultivating species in India are P. djamor,
P citrinopileatus, P. flabellatus, P. eous, P. sajor-
caju, P. floridaetc. Various agricultural byproducts used
as substrates for the cultivation of oyster mushroom. They
grow on agricultural wastes rich in cellulose,
hemicellulose and lignin. These residues are low in
nitrogen content (0.5 to 0.8%), an essential element for
cellular functions. At the time of fructification, most of
the nitrogen utilized for mycelial growth, the depleted
nitrogen in the substrate becomes inadequate and limits
mushroom yield. Pleurotus species require carbon,
nitrogen and inorganic compounds as their nutritional
sources. The yield and quality of oyster mushroom depend
on the chemical and nutritional content of substrates
(Badu et al., 2011). Cohen ef al. (2002) reported that
Pleurotus spp. have unique flavour and aromatic
properties and it is considered to be rich in protein, fibre,
carbohydrates, vitamins and minerals. They have a
chemical composition which is attractive from the
nutritional point of view. The essential amino acids of
the human body are found in the oyster mushroom
(Kaushlesh et al., 2012). According to Tshinyanga
(1996), supplements such as cottonseed meal and
nitrogen influenced the chemical composition and
nutritional value of cultivated mushrooms. Mushrooms
grown on paddy straw supplemented with cotton seed
powder increased protein and fat content of P. sajor-
caju (Shashirekha et al., 2002). Substrates used in
mushrooms cultivation had effect on chemical, functional
and sensorial characteristics of mushrooms (Oyetayo and
Ariyo, 2013). Supplementation of paddy straw with
residual biogas slurry increased protein and mineral
content of P. sajor-caju (Banik and Nandi, 2004).
According to Shashirekha et al. (2005) incorporation of
cottonseed powder into paddy straw increased total
protein, total free amino acids and lipid content of P
florida. Keeping these in view, a study was formulated
to find out the effect of different organic amendments
like rice bran, Neem cake, dry azolla, vermin wash and
dry biogas slurry on the nutritional composition of oyster
mushrooms.

MATERIALAND METHODS

The investigation was conducted at College of
Horticulture, Vellanikkara, Kerala during 2006 to 2009 to
find out the effect of organic amendments such as rice
bran, neem cake, dry azolla, vermiwash and dry biogas

slurry on the nutritional value of oyster mushrooms viz.,
Pleurotusflorida, P. sajor-caju, P. eous, P. tuber-
regium and Hypsizygus ulmarius. For the study paddy
straw was used as substrate. Good quality paddy straw
was chopped into bits of 4-5cm length and used for
mushroom cultivation. The species of oyster mushrooms
were obtained from Department of Plant Pathology,
College of Horticulture, Vellanikkara, Thrissur, Kerala.
Chemical sterilization was followed for sterilizing
the paddy straw (Sameera, 2007). The substrates were
transferred to gunny bags and steeped in a solution made
of carbendazim (75ppm), formaldehyde (500ppm) and
calcium carbonate (0.2%) for 18h. The excess water
drained off and spread on a clean floor for drying. The
moisture content of the paddy straw was maintained at
optimum level and was used for bed preparation. The
standard compact polybag method described by
Bhaskaran et al. (1978) was used for bed preparation.
Poly bags of size 30 x 60cm with 150- 200 guage
thickness were used. About 30 holes of 0.5mm size were
made on each polythene bag and the bottom was tied
with a twine. Organic amendments at three different
concentrations were used for the experiment viz., T,
(4% rice bran), T, (5% rice bran),T, (6% rice bran), T,
(1% Neem cake), T, (3% Neem cake), T, (5% Neem
cake), T, (4% dry azolla), T, (5% dry azolla), T, (6%
dry azolla), T, (5% vermiwash), T, (10% vermiwash),
T,,(15% vermiwash), T , (paddy straw and dry biogas
slurry @ 1:0.25ratio), T, (paddy straw and dry biogas
slurry @ 1:0.5 ratio), T, (paddy straw and dry biogas
slurry @ 1:1 ratio) and T (control- paddy straw without
amendments). Rice bran, Neem cake and dry biogas
slurry were sterilized in an autoclave at a pressure of
1.05 per cm? for 15 minutes. Azolla was dried to optimum
moisture level and sterilized by steaming for 20 minutes
in a pressure cooker. Vermiwash was also sterilized by
steaming. The sterilized paddy straw was thoroughly
mixed with these organic amendments and used for the
preparation of beds whereas, vermiwash was sprayed
on the sterilized paddy straw using a hand sprayer. The
bags were filled upto S5cm height with sterilized substrate
and pressed with hand for making it even. Then 20-25¢g
spawn was sprinkled over the filled straw along the
peripheral region. A second layer of sterilized straw was
filled and spawned as above. This process repeated four
times. Finally, the bag was tied tightly with a twine. For
filling one mushroom bed of 500g weight 125g spawn
was used. The inoculated bags were incubated in a dark
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room for spawn run. The room temperature and relative
humidity were maintained at 25-28°C and 80-90 per cent,
respectively by spraying water inside the room. After
spawn run, the beds were transferred to cropping room
where the temperature and relative humidity were
maintained at 25-28° C and 80- 90 per cent, respectively.

Nutritional value of sporophores produced on paddy
straw amended with rice bran, Neem cake, dry azolla,
vermiwash and dry biogas slurry was evaluated by
estimating crude protein, total carbohydrate, total free
amino acid and minerals viz., N, P and K. The crude
protein content (Nx6.25) of samples was estimated by
the macro-Kjeldahl method. The total carbohydrate
content in the sample was measured by anthrone method
(Hedge and Hofreiter, 1962). The total free amino acid
content was determined by the method described by
Sadasivam and Manickan (1992). Harvested mushrooms
were dried in a hot air oven at 60°C and ground into
powder samples for the analysis of mineral contents.
The nitrogen and phosphorus content were determined
by Microkjeldhals estimation and Vanado molybdate
yellow colour method, respectively. The potassium
content was analysed by direct reading using flame
photometer. Experiment was laid out in Completely
Randomized Design with four replications. Analysis of
variance was performed on the data collected in the
experiments using statistical package of MSTAT (Freed,

1986). Multiple comparisons of the means were done
using DMRT.

RESULTS AND DISCUSSION

The result of crude protein content of oyster
mushrooms is presented in Table 1. In P. florida and H.
ulmarius, maximum crude protein content of 35.4 and
35.3 per cent, respectively were obtained from paddy
straw amended with 6 per cent dry azolla. In P. sajor-
caju, crude protein content was maximum (29.4%) in
paddy straw amended with dry biogas slurry at 1:0.25
ratio (T ,) and in P. eous paddy straw amended with 6
per cent rice bran recorded maximum crude protein
content of 34.3 per cent. The lowest concentration of
dry azollawas found superior giving maximum crude
protein content (34.9%) in P. tuber-regium. Banik and
Nandi (2004) reported increased crude protein content
of P. sajor-caju grown on paddy straw amended with
biogas slurry. The increase in crude protein content might
be because of the increased nitrogen content of
substrates by the addition of organic amendments.
Shashirekha ef al. (2005) observed an increase in crude
protein content of P. florida grown on rice straw
amended with cotton seed powder. From the cited data,
it is evident that supplementation of organic amendments
improved the crude protein content in mushroom in
comparison to straw alone when used as substrate. So,

Table 1 : Effect of organic amendments on the crude protein content of oyster mushrooms

Treatments Crude protein content (%)
P. florida P. sajor- caju P. eous P. tuber-regium H. ulmarius

T, 32,48 24,14 26.95C¢ 23.8°f 34740
T, 29,15 27.55¢0 28754 26.8°4 3504
T, 30.58 28.7¢ 34,34 33.6M 30.5%
T, 29.85f 2357 28 .58 27.1 32.8%¢
Ts 303% 24,65 30.140 27 5Dede 31 .54
Ts 34,14 282¢ 30.6% 3384 27.3¢
Ty 30.8%° 27.5%° 22.6"¢ 349 30.1%
Ts 29 9ABef 276 28.25¢ 30.6° 30,74
To 354/ 27.5%%® 30.95% 2755 35.3%
T 28241 23 6% 25.28¢ 2598 25.6"
Tu 33.14% 23,95 25,5t 28,25 25.0°
Ty 29.9%f 25,48 22.4C 28 .94 30,31
T 296" 29 4% 28744 22,6 30,24
T 33.95%b 2808 24.2Ck 26.958ede 32.74¢
Tis 346" 289™ 27.5% 343% 333%¢
T 23.3% 25,74k 25.6%F 23.38 23.88

30.9 26.5° 27.5¢ 28.55 30.5%
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from overall evaluation, it is evident that supplementation
of organic amendments were effective in improving
nutritional quality of oyster mushroom in terms of protein
content.

Addition of organic amendments expressed positive
effect on the total carbohydrate content of oyster
mushrooms (Table 2). Vermiwash at 15 per cent (T,,)
concentration gave the highest per cent of total
carbohydrate in P. florida (55.3%). In H. ulmarius all
concentrations of dry azolla and vermi wash gave
significantly higher quantity of total carbohydrate content
whereas, in P. eous, P. sajor-caju and P. tuber-regium,
the highest content of the same was obtained from
treatments with dry biogas slurry at 1:0.25 and 1:1 ratio,
respectively. The improved chemical composition of
substrates after supplementation might have resulted in
increased total carbohydrate content. Addition of organic
amendments increased the secretion of lignolytic
enzymes of fungal species favouring the active
biodegradation of rice straw substrate. Shashirekha et
al. (2002) found that the addition of oil seed cakes
increased the secretion of lignolytic enzymes aiding the
breakdown of lignin to create easier accessibility and
degradation of other carbohydrates. The degraded
carbohydrates served as the energy source for the
construction of fruiting bodies and as the structural
components of fruiting bodies. Shashirekha ez al. (2005)

also reported increased total carbohydrate content of P
florida grown on rice straw amended with cotton seed
powder. Saw dust supplemented with different levels of
wheat bran, rice bran or maize powder improved the
yield and quality of Lentinulaedodes (Moonmoon et al.,
2011).

Results presented in Table 3 showed that the total
free aminoacid content varied with mushroom species
and different concentrations of organic amendments.
Comparing with control, various concentrations of dry
azolla had significant effect in increasing the total free
aminoacid content of P. florida (0.6%), P. sajor-caju
(0.43%) and H. ulmarius (0.56%) whereas for P. tuber-
regium, paddy straw amended with neem cake (T ) gave
significantly higher quantity (0.54%). Paddy straw
supplemented with 6 per cent rice bran (T,) gave
significantly highest quantity of total free amino acid in
P. eous (0.52%). The increase in total free aminoacid
content might be due to the increased protein content of
the substrates due to supplementation. Shashirekha et
al. (2005) obtained an increased total free aminoacid
content of Pflorida grown on paddy straw supplemented
with cotton seed powder. According to them, contribution
of several aminoacids from cotton seed powder enhanced
the activities of protease and transaminase which was
necessary for the conversion of substrate proteins.

Results presented in Table 4 demonstrate the effect

Table 2 : Effect of organic amendments on the total carbohydrate content of oyster mushrooms

Treatments Total carbohydrate content (%)
P. florida P. sajor- caju P. eous P. tuber-regium H. ulmarius

T, 522 49 ghae 252 41,1 8e%f 39.2%
T, 34.6%d 52,40 43,gBbed 4() 3BCedefl 39,650
Ts 40.2%° 5114 4055 40.88e%f 41.4*®
T, 36.18d 3518 26.958eh 33.48Cf 43,840
Ts 314%™ 53.5%0 33.15% 33.4% 37.1%®
T 33,30 51.5%0 35.98Cd 34.4BCdef 40.7%
Ty 33.954 3425 54,3 33.85f 51,74
Ts 42,55 39.4%¢ 48,08 4] 780 54,3
To 427% 51 0% 28 7¢¢ 3850 56.6"°
T 373 4625 2117 40 4BCeef 53.9%
Ty 50.98 362C¢ 493 Bab 42 0 57.74%
Ti 55,340 49 BCabe 51.15%¢ 45.1%¢ 58.5%
Ty 37.580d 54 5% 38.68%f 51.44% 40.1%
Tu 23.2% 436" 4] 478 35.584f 40.8"B°
Ts 34,9Cxd 52,440 54.5% 54 0% 43 4%
Tis 24.6% 39.7M¢ 2475 20.95% 23.18¢
Mean 38.18 46.2 38,68 39.28 4514
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of paddy straw supplementation on the N content of  with mushroom species and different concentrations of
oyster mushrooms. Studies on the effect of organic  organic amendments. The maximum N content of P,
amendments on the nutrient element composition of  florida (5.7%) was obtained from T, (6% dry azolla)
oyster mushrooms revealed that the N content varied  and T, (paddy straw and dry biogas slurry @ 1:0.5 ratio)

Table 3 : Effect of organic amendments on the total free aminoacid content of oyster mushrooms

Treatments Total free aminoacid content (%)
P. florida P. sajor- caju P. eous P. tuber-regium H. ulmarius

T 0.18°% 0.28™ 0275 (.33ABedel 0.39%¢
T, 0.198% 0.238ce 0.198¢ 0.3 54 0358
T, 0.2 3CDed 0.2 Dedef 0.524a 0.29Cdef 0.388¢
T, 0.19% 020°%f 036" 0.45" 03754
Ts 028 0.21Pf 0.24°% 0.49%® 0.38™
Ts 027 026 0.21° 0.54" 0.45°°
T, 0.60% 0.36° 0.16" 0.19P 0.488°
Ts 0514 02754 0.28Bedef 020 0.564
Ty 0484 0438 0.18Pn 022Pd 0.34Cdte
Tuo 0.18°% 0.22 Bt 02948 0.37% 025
Tu 0.19% 0.238¢c 0.294bcde 0.327%f 0304
T 0.195% 0.2 Becef 036> 0344 0304
Ty 0.13>f 0.1862f 0.215%h 0304t 0.2743
T 0.14C¢f 0.17¢f 03740 0.275¢fe 0265
Tis 0.14%f 0.17%f 0. 224N 027 029"
Tis 0.10¢* 015 0.225feh 026" 0.36"*
Mean 0.25° 0.24° 027¢ 0.32° 036"

N content (%)

Treatments P. florida P. sajor- caju P. eous P. tuber-regium H. ulmarius
T 5.20% 3.9Pk 4.4%¢ 39M 5.6%°
T, 4,784 4 4CD2 4,654 4,30 5.6%0
T, 4 98¢ 4.6% 554 544 4 9BCe
T4 4,854 3.8 4,58 4,40 5344
TS 4.8ACd 3 .()Cbc 4. gAbc 44&&]@ S.OAde
Ts 5540 4.5% 49™ 54% 4.4
T, 4.98¢ 4.5% 3.6P¢ 56% 488
Ts 4 ghAed 4.4 4,650 494 498
Ty 5,74 4.4 49% 4.4Ccde 574
Tuo 4.5% 3.9 4.0 4,15 4.15¢
Tu 5.3% 3.9 419 4554 39
T 4 gh 4.1¢% 3.6 4.6 494
Ty 4 ghed 4774 4,65 3.6% 4 8¢
Tu 5.7A2 4.5% 3.9Pf 4,3Cede 538
Tis 5.6™ 4.6“ 4.4 5,500 5.3
Tis 3.8%¢ 41" 4.1 3.7% 3.9%88
Mean 4.96* 42F 4.4° 45¢ 4.9°
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while in P. sajor-caju, organic amendmentssuch as rice
bran (6%), Neem cake (5%) and all the concentrations
of dry azolla and dry biogas slurry gave significantly
higher quantity of N content. Paddy straw amended with

6 per cent rice bran gave the highest amount of N in P,
eous (5.5%) while in P. tuber-regium, the highest N
content (5.6%) was recorded from T, (4 % dry azolla).
The treatment T, (6 % dry azolla) gave highest N content

Table 5 : Effect of organic amendments on P content of oyster mushrooms

Treatments P content (%)
P. florida P. sajor- caju P. eous P. uber-regium H. ulmarius

T 0.91° 0.62%¢ 0.30™ 0.52 0.48"%
T, 0.9240 0.73¢® 0775 0.56™ 0.49%
T, 0.33Pf 0.6384 0.86A 0315 0.49¢
Ts 0.55™ 0.63%¢ 079" 025" 0.85%
Ts 0.88" 0.57< 0.65% 0.28>f 0.88*
Ts 0.88% 0.69> 0.76 027" 0914
T, 031Pf 0.754 0425 0.320d 036
Ty 0.88% 0.58Pe 0.69< 039 0.80%
Ty 0.9240 0.50Pf 0.38%¢ 0.56% 0.80%
T 0.97* 0.58 0.26" 0.31> 0.65%
Tu 0.96™ 0.61%¢ 0.24™ 0.30°% 0.57°"
Ti 0.56"¢ 0.69™ 028" 0.30°% 0.81¢
Ty 0428 0.26%" 0.27€ 027t 0.494¢
Tu 0435 0.46"¢ 0.28" 0.32¢4 0.31¢
Tis 0.56™ 0.69" 026" 026" 0.32¢
T 0.32% 0.69" 0.255% 0.18" 0.22¢
Mean 0.66* 0.60° 047" 0.34" 0.59¢

Table 6: Effect of organic amendments on K content of oyster mushrooms
K content (%)

Treatments P. florida P. sajor- caju P. eous P. tuber-regium H. ulmarius
T 4.6 3.6% 33 092" 1.5P¢
T, 4.6 4.5% 3.1¢ 1.8™ 1.7%
T, 4 774ab 276 318 1.4Pd kR
Ts 4.6 4.1% 2.9%¢ 1.6™ 29
Ts 4.6 4.0™ 2.9%¢ 13™ 29
Ts 4.6 4.2% 2.9%¢ 1.3% 36
T, 4,474 3.7 2.8Pe 1.3F 29
Ts 4.6 2.6™ 2.9¢d 125 3.1
To 4.7 2.8Pi 3.4 1.9% 46™
Tho 4,58 2.5 2.7¢ 125 3,054
Tu 4.6 3.9% 27% 145 3.1
Te 4,58 3.9% 2.1°h 1.35%F 3.1
Ty 298 344 2.6 1.0P¢ 298
Tu 3,08 2 8¢ 27 145 298
Tis 294 2.5 2.7 14" 294
Tis 2208 2.6™ 2.6°¢ 0.9 2.9%
Mean 414 34" 2.8° 13" 2.9
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(5.7%) in H. ulmarius whereas the lowest content (3.9
%) was obtained from T  (10% vermiwash) and T,
(control).

In P, florida, P. tuber-regium and H. ulmarius all
treatments with organic amendments showed positive
results with increased P content (Table 5). Paddy straw
amended with 5 per cent and 10 per cent vermiwash
(T,,and T,)) gave the highest P content in P. florida
(0.97 and 0.96 %, respectively) whereas in P. tuber-
regium the maximum P content (0.56%) was obtained
from T, (5% rice bran) and T, (6 per cent dry azolla).
The P content of H. ulmarius was significantly higher in
T, (5 % Neem cake) with 0.91 per cent of phosphorus.
Paddy straw amended with 4 per cent dry azolla (T))
gave maximum content of P in P. sajor-caju (0.75%)
whereas in P. eous the highest quantity (0.86%) was
recorded from paddy straw amended with 6 per cent
rice bran (T,).

The study indicated that the K content of oyster
mushrooms significantly varied with treatments and
species (Table 6). K content of P. florida, H. ulmarius,
P eous and P. tuber-regium were significantly higher in
T, (6 % dry azolla) with 4.7, 4.6, 3.4 and 1.9 per cent,
respectively while in P. sajor-caju, the maximum K
content (4.5%) was obtained fromT, (5% rice bran).
This increase in major nutrients can be attributed to the
modified chemical composition of paddy straw due to
the addition of organic amendments, which favoured
enzyme activity of mushrooms so as to degrade and utilize
the major elements present in the substrate. Difference
in mineral content of mushroom not only depended on
mushroom species but also depended on organic used.
That was due to mineral concentration of organic
amendments. Similar results were obtained during the
cultivation of P. sajor-caju on paddy straw amended
with cow dung biomanure (Banik and Nandi, 2004). They
found that the quantity of elements like P, Na, K, Ca, Fe,
Zn and Cu increased in mushrooms grown on paddy
straw amended with cow dung biomanure.
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