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Effect of macro- and micro-elements on the growth and

protein production ol Collybia diminuta, Tricholoma
lobayense and 0udenansiella canarii in stationary
liquid medium
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Various sources of macro- and micro,eloments were used in the culture medium to determine
their requirements for the growth and protein production ot Collybia diminuta,f choloma
lobayense and Audemansiella canaii. C, diminuta rcqried Mg, K and Cu Ior the maximum
mycolial growth. T. lobayense toquircd Mg, Ca and Zn lor the maximum mycelial growth
while O. cahati required Ca, K and Zn lor its maximum growth. However, C- diminuta,T.
lobayehse ard O. canatii required lvlg, Zn and Zn respectively for the maximum production ot
protein.

Key worils : Macro- and Micro-elements, Growth, protein productio n, Coltybia
diminuto, Tricholoma lobayense, Oudemansiella conorii

INTRODUCTION

Stoller ( 1941 ) showed that supplementation of trivalent ions such as Al. Fe
and Mn were necessary to enhance the growth of mushroom mycelium. Humfeld
and Sugihara ( 1949 ) used P, K, S, Mg, Fe and Zn in the synthetic medium for
the glowth ol Agaricus campesrli.r. lron, S, Zn, P and K had no effect on growth
ol Tricholoma nuduiz wheteas Mg stimulated the growth by 17,% and also
increased the protein production by 11% ( Falanghe et al., 1964 ). Jandaik
( 1976 ) found thal Pleurotus sajor-coju grew best with ferrous sulphate added
in the medium. Chandra and Purkayastha (1977) reported thal Agaricus
cqmpestris grew well in Mg depleted medium. Medium without Cu or Fe was
most suitable for the growth ol Volvariella t'olvacea and Lentinus subnudus.
Kosaric and Nabuo ( 1981 ) reported that both K and Fe were essential for
submerged growth of morel mushroom in cheese whey. Meischhans Ulrich
( 1981 ) showed Cd as a growth laclor ol Agaricus abruptibulas which enhanced
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lobcrrense anC, Owlern'

collection. MYcologY

thegrowthupto80%.Prikhod,Ko(1982)reportedthat.Al,(So*).l,FeSoland
nnndO- 

" 
0.5 gllitre in the medium Lnhanced the mycelial gtowth of '4garicas

hisoorus, Rao(1983) reported lhai Agaritus trisulphuratus' .Rhodocltbe 
subglibo

- 
ni" ai-,,orrt, iroeco^ Iequiled K and Mg for maximum growth'

The report describes the effect of macro-and micro-elements on the glowth and

ot"t"i"-ri",O ot mycelia ol Coltt'bio diniinutd (Berk E Br' ) ,Sacc ' 
Tricholoma

ioiorr,,r', Heim. and oudemansiella cnticrit Hohn in submerged culture'

MITERIALS AND METHODS

Fungi
fi"''tia.ua culture ot Colll'bia dittin:uo' Tricholoma
'rrrr*ii. 

,rrrr were obtained flom the stock culture

i"J"t.r"tr, Department of Botany, Calcutta University'

An aliquot of 1.0 ml of the mycelial cell suspension was used as inoculum'

procedure for the plepalation of inoculum was described pleviously ( Saha

Samaipati, 1987 ).

The

and

Removal of element contaminotion

To remove the contaminating minerals from the growtlr medium, the following

orecautionaly measures were taken The water used in this experiment was

:e]Ili# ;;; oouuru oistirr"o The main sources of trace element contaminants

#; ;;;; 
-airino 

acid ana the salts used as medium comf,onents For the

purificationotmediumcomponents'thenecessaryamountsweredissolved
seperatety in glass distilled anJ demineralited distilled water' Each solutlon

was Shaken twice with z p", 
""nt 

8.hydroxyquinoline :olut]:n 
in chloroform in

a separating funnel once * OH-i:-'"a again at pH 5 2 A{ter each extlaction

the solution was washed t"u"'ui tirn"t "iith 
chlorolorm to wash it free from

tlaces of 8-hYdroxYquinoline'

Media and gtowth conditions I relatively large
ln this experiment three macro-elements ( which are tequlre(

ouantities as nutrients ) "t.n"i;;;' 
K 

'nO 
N,'g 

'nO 
{ive micro element ( which

are required in much smaller l*o'nt' u" nutrients ) namely Zn' Cu' Mn and Fe

were selected for the study 
- 

Here' Ca' K' Mg' Zn' t:' Y:' *" and Fe were

added as caso.,, K SO,, Nrgso' iH .,O,-znio ''zH ', 

o' 
^cusQ*'5H"o' 

MnSo''

;;, il". ;;;eso* iH o in i"u u,nount or 500 ms' 250-mg' 500 ms' 01ms'

0.'l mg, 0.1 mg and o'1 *n 
"u" 

-"j'" 
Iespectively Following Litchfield

etal. ('l 963 ) the syntiletic riquiO *"aiu' (Giucose 30g' Yeast extracl 29'

tnositol 50 mei, Thiamine 
,, oort,"ti"i," io pg, Folic acid 100 /rg and distilled

+

i
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water 10OO ml ) for eace test fungus was prepared containing the best carbon

and nitrogen sources of Iespective fnngi in place ol carbon and nitrogen of the

synthetic liquid medlum for growth (starch and yeast extract tot C. dimi uta;

maltose and yeast extract tor T. Iobayense; glucose extract for o'co arii)al
carbon : nitrogen ratio of 'lO : 1 which was found to be optimum for all the test

fungi (Saha and Samaipati,1987). The etfect of macro-and micro-elements on the

growth and protein production of the test fungi was studied by two methods'

ln the {irst method the synthetic Iiquid medium was supplemented with all

the test elements as salts excepting the particulal element under study. ln this in-

vestigation, deficiency of a speciflc element was detected against the test fungi.

ln the second method the elements were added individually to the synthetic

liquid medium to show the lndividual effect on growth and protein production ol

the test fungi. ln both the methods described, the pH of the medium ot C. dimi'

nuta, T. Iobayense and O. canarii was adiusted to their respective optimum values

of 6.5, 6.5 and 6.0 which was found to be optimum for all the test fungi ( Saha

and Samajpati, 1983 ) betore stelilization- An aliquot of 50 ml of the medium

was disposed in each 250 ml Erlenmeyer flask, plugged arrd sterilized at 10 p s i'

for 20 minutes. The flasks containing medium without any element were kept as

control. Each set of sterilized flasks with one type of treatment was inoculated

seperately with 1.0 ml of cell suspension oi the mycelia of three test fungi and

incubated ( stationaly ) separateiy in complete darkness for 15 days and 30"C;

20 days and 20 C; 20 days and 20 C tot C. dimihuto, T. lttbayense end O. canarii

respectively. The incubation days and temperatute used in thls experiment

were found to be optimum for growth of respective fungi ( Saha and Samaipati,

1983 ),

NIeasurement of Growth

Aftor respective optlmum incubation periods, three flasks from each treatment

of the test fungi were harvested. The medium and the mycelium were separated

by fiitration through a tared sintered funnet ( Jena lG-3 ) The filteled mycelia

were washed repeatedly with distilled water to make it free from edhering medium

and dried to a constant weight in a vacuum oven at 60 C for 24 houIS, cooled in

a desiccator and weighed.

M eoturement of Protein

otal nitroEen content of the dried mycelium was determined co Io r imetrically

Folin and Wu. 1919 and Vogel, 1961 ) using a photo-electlic colorimeter

Model AE-ll, Tokyo, ERMA Optical Works Ltd., Japan ). A conversion factor

N x 4.33 ) was used to estimate mushroom protein content ( Ctisan and Sands,

978 ).
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RESULTS AND DISCUSSION
The result indicated thal C. diminuta grew best in the medium containing Cu
( Table 1 ). lt was also evident that all the other macro and micro elements
when applied individually, have inhibitory role on the growth of C, diminuta,
All the macro-and micro-element when applied at a time there was slimulation
in growth of C. diminuta The complete macro-elements medium containing Mg
and K but without Ca was found to have maximum stimulatory role on the growth
ol C, diminuto. The combined effect of Ca and Mg was also good lor C. diminutq,

Table l. Fungal mycelium (g DWL) produced on differenr macro- and micro-etements

Elements

tested
Collybia

lobayense
Audemansiella Mean

Control
Control+ Ca

Control iMg
Control+K
Control+ Mn

Control+Zn
Control Fe

Control+Mo
Control-l- Cu

Control+ M n lZn
-iFe+Mn+Cu

Controll Ca+Mg
+K

CM-Ca
CM-Ms
CM_K
CM-Mn
CM-Zn
CM Fe

cM -Mo
CM-Cu
Mean

22.7 4Oa
2'1.093
19.710
19.450
20.150
22.630
22.O50
22.350
24.527
24.097

23.630

26.230
'19.373

24.473
20.540
19.540
24.163
21.217
21.897
22.277

5.858b
d.9 50
1 .120
5.533
7.750

6.230
8 810
6.927
7.930

4.640

5.763

8.663
8 357
7.063
6.190

8,363
7.196

10.388c
8.863

10 117
10.013
10.697
16.897
12.950
12.553

B 697
14.883

12 863

12.697
16.863
10.47 2

10.525
12.700
10.008

10772
12.120
11.846

12.996
12.302
12.316
'11.666

12.866

16.507
13.7 43
14 571
13.383
15.637

13.111

14 897
14.500
'14.669

13.141
13.101

13 454
14 102
14.127

L.S.D. at 5% of P levsl : Fungus (F) : 0.042 ; Treatment (T):0.106; CM: Complete Melium
Rosults are the mcan of three replicas :

Composition of control medium :

a. Starch 40J, Yeast extract 49, lnositol 50 mg. Thiamifle 100/rg, Biotin 50flg, Folic acid
10Jpg and dislilied water 1000 ml.

b. Maltose 40g, Yeast extract 49, lnosltol
'l00pg and distilled v'/ater 1000 ml.

Glucose 40g. Yeast extract 49, lnositol
100,,g and distilled waler 1 000m1.

50m9, Thiamine 100p9. Biotin 50p9, Folic acid

50m9, Thiamine 100&9, Biotin 50r,9, Folic acid
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Regarding micro-elements the combined effect of Mn, Zn, Mo and Cu and also
Mn, Zn, Fe and Cu had stimulatory role on the growth of C. diminuta. All the
other combinations had inhibitory role on the growth of C. diminuto, lt was
also evident that Zn had the maximum stimulatory effect on growth which was
lollowed by Mo, Mn, Mg, Ca, Cu, and Fe. However, K had inhibitory effect on

Table 2. Effect of d lferent macro- and micro-elements on protein content (o/o) ol C.

diminuta, T. lobayense and O. canaiiin submerged culture

18'l

Element
tested

Collybia
diminuta

fticholoma
lobayenso

Oudemansiella

i

Control
Control:: Ca

Control-Mg
Control K

Control- M n

Control Zn

Control : Fe

Control- Mo
Control=Cu
complete (Micro)

Complete (Macro)
Comp!ete-Ca
Complete-Mg
Complete- K

Complete- Mn
Complet€-Zn
Complete- Fe

Complete-Mo
Complete-Cu

8.190+0.06
14.541 10.10
18.702 +0.08
15.082+0.07
9.380+0.05
S.818+0.06
9.958+0.11

1 1.475+0.10
1 1.256+0.07
11.50810.04
12.720 LO.1O
14.7A9i0.12
12.570+0.09
14.780+0.04
16.293+0.08
13.446+0.11
12.132+0,10
12.572+0.09
13.082+0.14

17.52610.08
18.834+0.09
24.090+0.07
29.127+0.04
25.185 i0.10
33.507 t0.'12
22.770+O.11
22.557 +0.12
20.367+0.09
20.805+ 0.06
21.024+0.07
21.90010.04
22.580+0.10
21 .027 +0.03
28.320+0.04
27.'180+0.06
21.580+0.08
18.420+0.07
18.980+0.10

15.575+0.04
'17.428:t0.09

25.280+0.05
21.728+0.06
22.120+0.03
28.320+0.10
23.870+0.11
20.32510.10
18.080t0.09
17 350+0.07
18.098+0.05
19.92010.08
21 .165+0.09
20.264*0.12
22.621+O.1',|
21 .730+0.10
20.18010.05
17.980+0.06
16.58010.07

I

the growth ol T. lobayense (Table l ). lt was found that Ca and Mg had

stimulatory effect on growth but the effect of Mg *K and Ca +K had inhibitory
role on the growth. All the combination of micro-elements had stimulatoly effect
onthegrowth ot T. lobayense of which Mn,Zn,Fe and Mo was lound to bethe
best and which was closely followed by Zn, Fe, Mo and Cu. lt was found that
Zn had the maximum stlmulatory effect on growth of O, canarii which was
followed by Fe, Mo and lvln. Whereas Ca, Mg and Cu had inhibitory role on
the growth. Ca and K had stimulatory role on the growth. Mg+K and Ca+Mg
had inhibitory role on the growth. Bul all the combinations of micto-elements
had inhibitory Iole on the growth of O. canarii. The data on statisticat analyses
revealed that all the treatments ars significant at 5/" level. The results on

I
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growth showed similarity wil
and requirement of Ms in .! ,1;i.i!'"t':" ( Humfeld and susihara, 1949 )
observation of palangt"u "'r',' 'ooo'""" for the growth al,

growth of T. robayense 
"n, . 

fl'uol. t' 
'' ")"'''"'ii: 

';:l Ti:"rT:,'l;
P. saior-caiu by Jandaik (1g7:: :::":" showed similaritv with the findinss on
ana 

-eurtayastia 
i;;;;;.'';':',:i:.on -t/' 

volvaceo and L,. subnudusby chandra
18.7ozl in *" ,J,r,,'""rr-, i';',:!:: .pjo.duced maximum ar
( Faranshe e, ot ., 1s64,. ;ffiJ.t ti,'n":lTl yL:ffi?l""lTi;;
maximum amo u n t or o rote in 3s. sozzJ r;.ffi ,i!i""?i",;,1;l;" r;j;:"fcontainins Zn ( rabte 2 ) which was simitar to , ;;;;:;:;"i::;daik, 

1s76 ).

?"i; ","*_r::^^1":, 
of the Depanment of Botany.
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