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stualies were made to investigate thc utilization of carbol and nitrogen sources and the subse-

quent changes in the pII and titrable acidity o[ the respective optimal media during the fermenta'

tton Agaicus ttisulphuratus, Rhodocybe subgliva and Agrocybe ptuecox. Ftorn the aoalytical

experiments, it might be concluded lhat total sugar conlent as well as nilrcgen concenir'ation of
tha media de$eased gradually duting the fermentation of the test _ fungi' Furthermore, the

pattern of fluctuation ofpH and tritrable acidic cootents ol the three media analyzed correspond

directly wiah the utilization of the different components ol Ihe respectire ni€difl.

.INTRODUCTION

Gray and Bushnell ( 1955 ) have studied the biosynthetic activities of a number of
Basidiomycetes which included various species of mushrooms- Szuecs ( 1956 )

and Brock ( 1951 ) have reported that Morchella esculenta grows well in both
glucose and maltose media. Pedersen and Lindberg ( 1970 ), during theil studies

ol Bolerus variegatus in surface and shake cultures have obsen'ed that the carbon

source is exhausted and growth ceases after 9 days in the agitated cultures and after

about 3 weeks in the stalionary ones.

Some preliminary physiological experiments hare been conducted on Omphalia

Jlavida ( :ll)'cena cirricolor ) by Wassink ( 1974 )and he has reported that

growth. glucose consumption and acidification ofthe medium in cultures with yeast

extract cr thiamine addition rre strongly related The initial carbohydrate

,'lactose) content has been obserred to have reduced from 5 to 0.4% at the end of
the subnerged culti\ation ol morel mushroom ntycelium in cheese whey ( Kosaric

and Nabuo, l98l l. Hong eta1. ( 1981 ) more recently have in\esligated the

mycelial growth of .lgaricus hi!orquis ar,d, Pleuratus ostteatui in synihetic media

and found thatlH. total nilrogen and glucose cofllents ol media decrease gradLt-

aily duling the culture period. although the yield of mycelium increases.
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In the present study, it was considered desirable to investigate the utilization oI the
carbon and nitrogen sources and the subseluent changes in the /H and titrable aci-
dity of the rcspeclive optimal media during the fermentation oI the test mushrooms. -

MATERIALS AND METHODS

Test Organisnts

Tlre tissue cultures of lgarr'cas tisulpl,uratus Berh. Rhodocybe subgllva ( Berk. &
tsr.). Pegier and Agtocybe p;aecox (Pers. ex Fr. I Fayod wer.e used in the study
and were maintained on 3% malt extract-agar medium

Grot'th nt adiunt qnd conditions

For analytical experiments, optinal synlhelic Iiquid nedia were used. Dlring
experimental studies on null'itional requiremelits of carbolr and nitlogen by lne
mycelia of the lest muslrrooms, slarch, glucose. tnaltose ( 40 g liLer each ) and
asparagine yeast-extract, yeast-exlract ( 2, 3, lg,liLer each ) hare been found to be
optimum carbon and nitrogen soutces for A. ffisulphuratus, R. suhgliva and.
.4. prae(ox respectiyely for the maximal production ol protein by these species.

The pFI values of the optimal media of l. trisulpllwatus, R. subglita and.
A. praecox were adjusted to their rcspective optimum values of5.5, 5.b aud 5.(r
using appropriate volume o10.2 M potassium phosphate buffer belore sterilization.
50 ml of the medium was dispensed in each 250 ml Erletrneyer flask. plugged and
sterilived at 10 p.s.i. for'20 minutes. The media were inoculared separately wirll
1.0 m[ of cell-suspension of each test ntushroom and incubated o11 a shakhrg
incubator ( 120 r.p.m. ) in complete darkness at 25', 35'and 35'C ( +0 5'C ) res-
pectively.

/ nalyt i cal Proceclures

PIior to inoculation ( alier autoclaving at l0 prunds pressure for 20 mirLrtes 1, the
initial pH values ol the three different oplirnal media were delernin€d bv means of
a Beckman glass electrode II{ meter, their total carbollydlates by the method ol
Dubois e, al. ( 1956), total nitrogen by rhe method of Folin and Wu I l9l9 ) and

Vogel ( 1961 ) and initial tilrable acidity by titrating 5 ml aliiuot with o.IN NaOH
using l9lphenolphr halein as indicator. All analytical experiments were conduc-

ted at room temperalure, which varied lrom 28" to 30'C. During the incubation
period. at inlervals of 4 days, 3 flasks of each type of culture medium were removed

fron the incubator to make the followin-e analyses. All results give:r are a\rerages

of triplicate determination.

A. Residuql cqrbohldrate concentrqlion was estimated according to the method
of Dubois et at. ( 1956 ). The standard curv€ was prepared with l)-galactose and

the total carbohydrates present in the culture medium wa: calculrted accordingly.

I

I

{



1.43

Otr the Fetmentation ol Edible Mushrooms

l;"iil'il,Iiilll1'";:;T';:;1':;;i;'1"i":'*'u*-'":-":*''"ricme'lhods
a nH of ttre culture *taitt* lut fieasured with a Beckman glass elecrode pH

i,-,"i., ur int.r'"1' of '1 davs' 
)r of rhe cuhure medium 

^wa:i[lf:" il,i : l]t). rirrubte additv | .5 
n.l :]iol||I""'^t';dliuto'' rt'i' '"u'u"'

i^,jri'-.'-r tt"' ,t'l"ili:::'Jl" -rrn'r"o',i.-inriel.', as to which wav the rermen'

-^'.Pnt were made tn orqe
lneasurrrrt!"'
tation was ptogressing' 

c made. carbohydrate and^nitrogen nliiized were

ff [i J,::.H:"*'1,11i.]iit:'ik''fi 
: t' i"'e n' i n i t i ar a n d nn al I arue s'

RE.'LTS AND Drscusslof 
r rnu , represenr.rhe biochi:::',:llJ::il::il:ff

T,;:':1i',1ilxrl'ltf;:;#t*riifi;4T.rl;::.i*,:,:',,,,1}
il*'n;:l*'l' l"l"i'iiiill'o'c"'o nnd out the

[trmenlation'

Data (nean)+ showtls t:e 
::1i::,I1T:"',:'fi1:,',i """h 

' asparcsine nedium

-iable'l'

lncubation
petiod
(D aYS)

Residual
Starch*
(msiml)

Residual
Nitrogen**
(AsParagine)
(ms/100 ml)

Tiirable
AciditY
(ml ot O IN

NaOH PeI

5 ml)

Dry wt,
of mycelium
(s/1)pH

31 .29

10.01
31,65

i0.03
26.44

t0.03
22.10

10.01
18.82

t0.02
1'7.44

io.03

0.66

t0.03
053

t0 01

0.36

i0.01

t0.02
0.31

t0.03
0.38

+0.02

t0.09
6.21

XO.12
8.40

!0.01
10.9'1

10.1 3
11.18

10.12
11-92

10.11

5.4
29.O2

:to.1o
24.21

t0.13
19 95

Jo.og
16.06

i0.11
14.',I0

-L0.12

t0.12

5.7

6.6

\2
6.8

7.0

6.5

16

20

22

+ ffi*ffi-"5.';J1liil'[li;,, at 40 ms / mr and

oZ.o rn I tOo ml respectivcly
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Table 2, Data (mean)+ showing the biochemical changes in gtuccse'yeast exuact medium
duing the fementation o, Rlrodocybe subgliva

I ncubatian
psriod
(Days)

Residual
glucose*
(ms/ml)

Residual
nitrogon**
(yeast-exlract)
(ms/100 ml)

Titrable Dry wt.
acidity of mycelium
(ml of O. 1N (s/1)
NaOH por
5 ml)

5.0

16

2'7.94

+0.13
22.eO

+0.11
19 38
I O.12

,6.25
+o.10
11.87

+0.09
10.13

+0.11

21 81

+0 02
1 8.09

:E0.03
'14.36

-r 0.01

10.17
+0.02

8.50
+0.02

8.08

+0.01

5.0

5.4

5.4

55

o.73
+0.02

0.68
+0.01

0.68
:r 0.01

0.66

- 0.02
0.66

-0 02
0.73

=0 01

3.98

+0.12
4.'72

..0 01

6.31

I 0.14
9.58

.:0.12
12.84

r- 0.14
12.09

::0.'11

Values are averages of triplicate determinations.
Glucose and r* nitrogen were added to the medium at

40mg/ml and 26.1 mg/10Oml re6pectively.

U / iliz at i on o.f corb ohyd r at e

The change in starch ulilization during the entire fermentation period bv ,4. irul'
pluratus was marked by steady fall fi'om 40 mg,ml to 13.29 mg/ml (Table I ).

The rate ol starch utilization was greatly accelerated from 2nd day of fermentation

and was maximum till the l6th day ( the period of maximum mycelial yield ) alter

which the rate declined The change in glucose utilization during the entile fer-

mentation period by R subsliva was marked by a steady fall from 40 mg/ml to
10.13 mg/ml ( Table 2 ). The rate of glucose utilisation was greatly accelerated

from 2nd day of fermentation to 20th day. In casc ol A. praecox, holerer, the

rate olutilization of maltose (Table 3 ) had been observed to be greatest upto the

l6th day ( period of maximum mycelial and prolein yields ) of fe|mentation.
The increased rate of utilization of starch, glucose and maltose by the respecli\'e

te$ mushrooms can be correlated with lhe fast rale of synthesis of mycelial materials

which falls after the respective optimum incubation periods were reached.

Wassink ( 1974 ) also reported that growth and glucose consumption were slrongly

related in the medinm used for the growth of Omphalio faliclo while lfor,g et ql.

( l98l ) observed that totat glucose contents of media t-tecreased graduallv dtring
the cultnre period ol ,4gaicut bitorquit alf.d. Pleurolus oJ er,Itl.t in synthetic

media.
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Table 3.

On the Ftmentarion of Edible Mushrooms

Data (mean)! showins th.e-bi:::::::::::il1"" '' 
mattose'veast exttact mcdium

ii,iii"ii" i",'*"'t'n or Asrocvbe praeoox'

lncubation
period
(Days)

Residual
maltose*
(ms/ml)

Residual
nlrogen*'
(Yeast-exlract)
(ms/100 ml)

TiUable
acidity
(ml of O 1N

N aoH Per

5 ml)

Dry wt.
of mYcelium
(sl1)

pH

8

12

16

20

22

i

29.37

+0 13

25;14

*0.11
2313

+0.12
2O.BB

+o.12
19.30

+ 0.10
18.74

i0.'1 1

8.10

+0.02
'1.22

+0.01
6.00

+0.03
4.05

i:0.02
368

+0 02

t0 01

5.0

5.4

5.5

5.0

4.8

0.73
+0.03

0.69

+0.03
0.66

+0.01
0.66

j0 01

0.74

+0 02
0.76

+0 01

3.06

+0.11
5.18

+0.'14
7.63

+0.12
10.04

+0.13
9.82

+0.09
9.05

=0.10

,r, n,"-ffi;ffi;;*.u.e d ete r m n at I o n s'

nirlr"*" "*'";;tt"sen 
we'e added to lhe medium at

;;;;;i,;. 8 7 ms/'roo mr lespectiv€rY'

Ll titi s ati otl 0f nitr oge n,, :l :l:l5' ;:Jl*I'],ffi "?::",:":i; 
til'":11:

thar the rotal nilrocen, conc:nt;i'i 
i,^i"" ", nitrojen by rhe test fungi was,

rern:enrar iorr period. The. t't:, j;. ;;;;; m)cetial grow, h w3\ attained

however. found to be greater trll I

pH aurl rraht'' aciditv ' 
.re narure of the various.rrn::::l: IJ:il.:rT:While no aLtempt to delermtne rrtc "*. '.n-r., 

in pl I and titra

n,.d. during rhe cour:e ()' l:l'",-",.;,;;-tn,.r, rtr. tl,. rulucs obrained proride

".,rlr.at 
meaia were measuted ^ ''::,:^..^;," 

^.rrion o[ llre metabolii products

io... ,no"' as 1o whe,her - *',i::;:'::'il, ;i,:;;;i :y,^:L"",j_:ri, il...;i:
are acidic r: ']' 'l: T:i:.,::1'ffi;",,,i., ,"0 then starts dec

ri.e( during the initial ':.t"J:.:';:;;;li,.r,r,.ruru. lor rit'able aciditv decreases

u..n not.O thar when 

" "iti':;[*;,i;.'rirH ora titrable.acidic corttents of the

ini.i.. t.tto The Patterntr,ttu.; 
n rn. r,'i'*,'", ofLhe difrerenr components oI

three media col tespond drrectly

the resPective media'

ccnsiderins lrre respecri\e "Li::;J:::T:1T.ffi':h 
of rernentarion' it can be

\rated. that the three test mubhl
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