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ABSTRACT
In the era of increasing world population, shrinking lands and limited agricultural resources,
edible mushrooms offers the promising substitute providing tenacity towards the problems of
waste generation, food security, malnutrition and poverty. Edible mushrooms such as Agaricus
bisporus, Pleurotus spp., Lentinus edodes etc. have been successfully explored for their
production on various kinds of wastes including their nutraceutical enhancement, value addition
and spent utilization for the compost preparation. Also, these mushroom species are well known
for their unique significant pharmacological properties. Indigenous edible mushroom Calocybe
indica grown in tropical and sub-tropical regions has also been emerged as one of the culinary
mushroom providing great nutritional properties along with the marvelous therapeutic values. In
spite having easy cultivation technology, good biological efficiency, great nutritional properties
and huge revenues, the mushroom species has not been explored. The present study aimed to
enhance the nutritional and nutraceutical properties of the C. indica mushroom by substrate
enrichment using novel organic and inorganic supplements, post harvest treatments, their
utilization for development of functional food product and propagation of the complete

technology package developed to the selected rural areas.

Waste nitrogenous tree biomasses viz. Bauhinia variegata (BVL), Syzygium cumini (SCL) and
Cassia fistula (CFL) were identified, collected and used as the co-substrate in varying
proportions (0, 25, 50 and 75%) with the wheat straw (WS) for the production of C. indica.
Results indicated that 25% BVL was the best co-substrate for producing highest yield (622g) and
biological efficiency (82.93%) of C. indica. High contents of nitrogen presented in the CFL
hindered the growth of C. indica and yielded poorly. Supplementation significantly (p<0.05)

improved the protein, ash, fibers and minerals contents of the fruit bodies. Additionally, among



the ten treatments, 25 BVL produced the fruiting bodies with high antioxidant properties
followed by 25 CFL and 25 SCL. Significant degradation of complex material such as cellulose,
hemicelluloses and lignin was scrutinized (quantitative and qualitative by FTIR) in all mushroom
spent and found to support the growth of E. fetida earthworms, juveniles and cocoons. The

vermi-compost produced after 70 days possessed good manurial values.

Inorganic supplements viz. essential mineral Fe, Zn and Se were utilized to improve the quality
and quantity of C. indica. Preliminary studies identified the optimum doses for the
supplementation i.e. 6.25 ppm for Fe, 125ppm for Zn and 5 & 10 ppm for Se for producing
higher mycelial yield, which were then further carried out in the field for the production of
mushroom fruit bodies. Bio-accumulation of the minerals studied using SEM —EDX was found
to be in well correlation with the minerals estimated via ICP-MS. Further, antioxidant profiling
estimated signified a negative correlation with the Fe enrichment, whereas Zn was found to
increase the contents of TPC, DPPH and FRAP assays. Interestingly, Se was found to enhance
the protein contents of the fruit bodies and hence evaluated for their amino acid profiling, HPLC
graphs revealed increased chemical scores of glutamic acid (4.73 g/100g) followed by aspartic
acid (1.80 g/100g), glycine (1.61 g/100g) and leucine (1.39 g/100g) in the 10 ppm Se treated
mushrooms. Also, antioxidant studies examined showed a significant (p<0.05) increment in the

TPC contents along with noticeable scavenging effects and ferric reducing capacities.

The fruit bodies harvested were further studied for their vitamin D2 contents by experimenting
with natural sunlight and artificial UVB light. The kinetic performed at different time intervals
(0, 15, 30, 45, 60 and 90 minutes) revealed a linear increment of the vitamin D2. Both the

sunlight and UVB radiation were able to improve the vitamin D levels, but significant high

contents were recorded with the UVB treated mushrooms after 60 min of irradiations.



Surprisingly appreciable amount of pB-glucan (44.5 g/100g) was recorded with the fruit bodies
irradiated under UVB source for 60 min. Further, these rays positively augmented the TPC, TFC
FRAP and DPPH radical scavenging activities along with the altered scores for all the seventeen
amino acids analyzed of the treated fruit bodies. Nutraceutically enriched fruit bodies were
further processed into the dried powder and studied for their hydration properties (WHC, OHC &
WSI) and found appropriate for developing bakery product. C. indica powder (CIP) mushroom
cookies were successfully formulated with a high acceptance of 10% fortification. Cookies were
found rich in protein, fibre, minerals (Fe, Zn and K), and B-glucan contents as compared to the
wheat flour cookies. Also, CIP incorporation increased the levels of TPC, TFC, DPPH and

FRAP of the cookies and reduced the glycemic index of the same.

Propagation of the technology designed for C. indica mushroom was successfully carried out in
the selected nine villages of Haryana. The program effectively resolved the problems of low
income and availability of quality food from the respective areas. The farmers implemented the

technique transferred and are willing to continue the activity for their future wellbeing.



SIES

fosr § Fedt smaret, gedt g i ®@iffa F0 FE@rgat & T[T H, #= F Iena ar
HOET H Gfd TG0, @I gEem, 3T el 6 FHegrel § gedl J&™ & arl U
AqoToIE fosheT 81 GTer HO=H SH Al ded HUwH, Wed h hed, dfedd USEd
TATR & BfYs T & aufagi 9% S96 Smed & o0 g%darg@s @ @0 g,
i =eegfeder 99T @7 gg™T, 399 97 UST WEde a9l T FOEe qATT AT
o 21 THH SCATAT, 37 HAEH USIAIT &1 S ATgd 1T Ageaqol sirwefia font * forg
AT ST ST g1 W\t grer 9aww FAied SR St Iweaiead T sie 37
SoTERCHS T &7 H I SATGr g, Wl UF AT HUEH & ®T H IAL wl | T2
qoreH ot o fRfhcehia godi & a9 9T "\ 9ied [0 VS FIAr gl e
AT AT, Aol Sdd qedT, A=y died Ui T e weem & amasE ft I
HEH TSATAT T @ISl Agl il T2 g1 AT AETTT FT 29T FA[[He SShT HIAEHA 6
SterTfed  (FIETeAfedd) TE WU O A G gq ChAT AT g, e eniHE ud
AT-AMAF TAATHS FT AT F TAT TEHTA, FEA dIgqd & d1€ I, B9A FHT
TOTCHE B § SART, T A M@ QO ST Gohsl &l A &= & T HLAm
T Bl

ATEee § g UST A gfAr 9 Er arfgfar aiamer  (FEew) , st s
(M) 3T fear fhegar  (smeamE) g & o 99 0 =3 a9 af=n &1 9+
IH (SUH) & T AT AT (0, 25,50 3T 75%) H Hg-TeHee & &7 H
| SRE F IAEAT & O EmET @ 9o gqrd g 258 AR Igad 39
(622 UTH) T Sfa® ITAAT (82.93%) & IAGd & [T A9 A=zl Tg-Hedde Tl
FHAATE H TEQd ATZeled &l 3§ HMET & HE0, o IfEwr Al SU9 ud EwE #
AT 3T @ad drfad g2l qEre SUd TF A% TIeid, 1@, Bea? X @iest qret
H HEUS 910 M| THE ATITh, @9 SUART H H, 25% FAAE H 3g Ursiadice 0
AT 9T MU | FLA, FEAEAT T R SEf Sfew amRft # wgaget frrae #i
ST T FT T (TRSTATEIT FIRT ATATCHS 3T OMTeH) | FHT ITATE T, Hidar e,
fReT ow ®rpa & fOFm &7 a999 w1 & oo 9w 9y v 70 fGAr F oA

STed FHI-FaFe | o=y AHes o I

AFTEET T S AqEGeTF: Giest Fe, Zn 3T Se & ITANT T RAFT &1 &« T
AT H g & fow fBFEr wmr oom yifeE demadt § T & U Tzaw gRe fF
qgaTa &, /W 62.5ppm Fe & T, 125 ppmZn 3T 5 ppm Se IF T HATSHIAA
3T 39w 910 MU SEM-EDX &7 ITANT ¥ Ae7d« (U 0 gl #T arar-
T AEHMI-THUH & A1eqH] § AqATAd Gisil & a9 A=l aig o dgaad H Il
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THRTHE Agaad H g frar, Safe Zn &1 ST, Sdrdfius sie %0 assays § gfs




gel Tie=eT a1 98 § & Sed #@wfife & T HUEH & WA § Fhg 915 T2 &K
AT 39 THAT THHE YREfev T (HPLC) & T geaisa fFar T, weias uiee
(4.73 99 / 100 UTH), THIe®F UMHAE (1.80 Im™ / 100 Im), fafeq (1.61
I/ 100 I) 3fT SEF (1.3 9 T / 100 UTH) & TEMEHS &hie 10 oA
Ao Hee sy § i 90U )

Fod FEET ®TOUTEHGE GRS A Aedl ST FEE UVB TET & JTT YA wh
ferae St it 9T Fe gq degad BT T oM @fee |wmT osaaer (0, 15, 30, 45,
60 3T 90 fove) & farw ww wfaefiear @ s & & Was gfa 1 gamr
IS & 9T T UVB e Il fAerfae St & & § U™ & § 999 o,
At 60 fAee AT F & UVB  die &t U 99&H & A1 dgcaqu 3g T
a5 @ M1 UVB #d & dgd 60 fame & fou el o= A& & @t p-glucan
(44.5 UTH / 100 UTH) T AR €T H AT AEAT T 6l T2l THG AT,
T fFeon 9 AT, SuwHT TwedT i SdTHUE #gwdeft wREtiT afaEteEt #wir
THERTHE & § F@ T, @19 & 3o 0 70 w7 FFEr § v uffe F de gu
T AT a5 T 0 eeieadl 998 B Wadl i g9 q18eY § d@dd 3w AN
ToTfera R T ST S ETES9M YON (TeeUuAH!, AUAHT 3T TseguHsrs) F fou
Fegad T AT A7 ST 9Fd Saare fOwfaa #R F form SuEes umm s oem #ft
TRFT IS (HieEd) HUEH Fehe ARAdrEs® 10% Al g THd F G1T qA A
TE offl T F e AT FAIT AT qAAT § HAFH Fhie WIEH, AT, @ (Fe, Zn #iT
K), 3T p-glucan § #HZ 91T TT A THEH AT, HIAedT fAome F Fohirer & TR,
TUHHT, ST i TRl F TT W gl AT AT TR TATSHHE TSHT Kl FH AL
e

o1 IRET worww & foru RBemed it T aEAlE W TER gRAT F SFq Ar WA ®
TFEAATIAS hAT TAT AT| TH FIAFHT o FHF T Hl GHEATSN T Hardq &= o qorar
AT AT il STAAT I TATAT &7 & g ATl hAmT F d@eieh &l SEaed we
o sir wiosy & weamor & fow wfofate & S @ & 9@ z=sr o SanE)
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