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onmtul n shi 4 y was g'rown in suhmrg.d'

culture with acid exluct from peat ‘as ‘a basic 1ubsn-at. The proxi-

mate chemieul composition of the peat extract was determined.’t l‘l'hc total

reducing. sugars constituted about _éo\ of the total carbohydrate (TCH)
The total ) content was, low at Anboutt 0.8 g/L of

the peat‘extiact. The total ash was about 4.5%, of which 1.2% was

Py0g Vand 0.87% K,0

% .
Different of iluted peat éxtract were tested

in shake flask experlhentu in an attempt to ovarcnma the etfect ‘of

. g'mwth Inhibnorn appurenuy present in non-dlluud ‘paat axtl'acln. Tha

best results - wdl-e cbulned with’a_ratio ‘of one part’ peat. extmct dlluud
with one part water. Savernl opemm\g vu-labla- were studled to‘ E
optimize - the gmmh of the myceunl biomas- of P ge_n 5. Tlu hut'.
results produced npproxlmltely 5 g/L of dry blomu vdth a ylald “of GM

apd an etﬂdency of 33%.. The restlts ‘were rnhmlnod in 192 muu -at an

, an incubation ‘temperature of 28 + X?C.v an

inoculum ratio of 5.0% (

initial pH of 5.0 + 0.1 and an agitation speed -of 150 rpm. The addition

Jof 1. 5! glucose to the diluted’ peat extml medium ificreased lh& growth

to approxima(aly 14 g/L of dry. bﬁnmnn with a y(ald of .oi and an

’ « efficiency of 45%, indicating (hat the dllutod peat’ -extract “-n -laﬂclenl'

in: enrhon

o~ S
_ycel.lum grown .In

s . %ot \
~ The nutrmonnl requirements of the P. ostreatu

peat ‘extract’ were Mudied tn enhance tha g'mwth of the- mycnllal blo-"
m_ass. _The. l‘ungu- grew: ‘better n hexose " nugnrs (glucose’ and

nmnnnse) (hnn on puntope sugars (xylole and nnbinole) and raqulmd
i




s and potassium for growth. Growth was.

s . also bettar on organic sources.of ‘nitrogen than on ammonium- salts of

lnorganic ncids. "The' addition ‘of 5.0 g/L yeast.extract and 4.0 g/L

-1(1-121’04 to. the peat extract méd.tn produced appm)dmately 7 g/L dry
blomuu‘ with e yield of 73% and an efficiency of 46%.
Ag‘ltnuon and mnﬂnn were' optimized and the dissolved oxygen’ d

concemrav.lon was monitored ln .a 2 Liter termontsr to -study the gmwth

* of the P\ outreslu! mycauum b(omaaa in lhe peat extract. "The best "

" results produced apptcx!.mntely 9 gIL of blomass with a .ying of 72%-and

a productivity of 1D:mg/L'lhcu These results were ol;tgh'zed'in 96’

. hours at"'nri agﬂnﬂon upeed of 200.1'pm. an aatsﬁ‘on rate iaf 1 0 vvm'," ‘an
fnoculum x-nv.lo of 5 0% (vlv), an’ anubsuon tempemture of 28 * 1% and
a'pH of 5 0-£0.1. lehsr ug'ltaﬂ&n speeda and ummon mles producad

# 1owor>grcmh and a d.lsparsed myceunl g'rowm form. The- morphalogy of

the P.vonx-enms g'mwth l’orm .was also affected by the pH aml the media

% composldon. £ , s : ‘ - ’ e L5
= 1na chemical ot" the P. ostmatus b:omss was

annlyzed and compmd with that of the fruidng body pn@uced on soud

peat: to study the nutz'monal quulity of ‘the’ ‘product.’ The mycel.(um
" contaimed uppro)dnmtely 40% crude pmzaln, 8% ash, whlq contained K;
P Ca and Mg as major mlnarau +38%. TCH,, S% fiber and 3% total fat.

Tha prolein conmnad 17 aml.no aclds, lncluding al.l the essenﬁa\ amino i

». acids; md. was hlgh in 1 lyﬂine, try

‘leucine ' and alar ibut was, fent in-methi . when aom- —




pnndvmh.“proum ‘l'hmuununlhltylddl(hlmdn.omnnnd
mmm.)mmnummmm
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" TCH = total carbohydrate "

.1 YE ="yeast extract

AR = urad—on rate ) \ . S
AS = ‘a‘gi't?ﬁ‘on s'.ﬁeed\ # )
CP = crude-protein content , - R
D.Q. = dissojved oxygen  _ i E e :

= dilutioh ratio ) ’
E = efficiency 5
FpH = final pH’ :’ . P

= termerg‘tatlon.mne =
IpH = fnitlal pH . . o P Twfm Yy Mei
< ITCH = initial total carponydrate . * ’ | ‘

'PE:W = peat’ extract'waler mtio S / ’ d

RTCH pesidual total carbohydrate conc: ERS

T = incubador; tampemture o

vvm, = volume: oﬁ air per volume of mediuni per minute ' L

X = dry Dbiomass - 3

Y = yleld 8 . .
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CHAPTER 1.

* ** INTRODUCTION

¥ s . 1.1. Background ) - )
; " 'The expanding world populatiori brings with it ‘4R ehoFious fon
crease. in the demangi for food, particularly protein. It is estimated
that 'more than two-thirds of"the world's populatiorl live In less de-
velopad coumdeu, where there are. limited ‘resources md food produye-',
tion, - It has also been shnw-n that -some,of the protein saurces con-,
B Jl:nﬁd by man and domestic animals in most less-developed f:cum.rles are

of low quality (Bano and kajaz:athmm,'lsﬂ)'. With - the wctld;s popula-

- tion, estimated to double b”y the yenr éOOO, (ha supply of protein per

perlur;ris likely -to decrease (Steinkraus, 1930) since convenﬁonnl

measures such as the n of i land, use of

fertilizers, and spedn 1mpmvament may not be able” to meet the higher
protein demand.

4 Sclence and technology ma therefore faced with new tasks to

search’ for further lu\nfcas of protein. ‘This search has .led to" the
refinement and g‘anaifé improvement of vegeta’blé'vpr};geips,‘ "Krill" fish-
ing in the Antarctic and’ single cell pmteﬁ (scp) pmducﬁon((Dhnml‘.\:ng ’

“and i; 1978; Robirison and on, 1959).




1.2. Single cell protein (SCP) ]
SCP is cultured microbial biomass " from certain’ !y'pu of micro-

organisms that can produee valuable These

include algae, butariu, yeuts and fungi (‘Raed, 1982). They have
contﬂbu(ed trad_;'.lonnny to the supply of food through their use of
Eamenntian pmegauea, such as those for the alcohouc drinks, cheese,
vinegnx- bread. meso, tempe and soy nuca. and in tha form of mush~

rooms. [n some of thesa foods, both _microbes and auhatrataa are:

consumed by humans. The of § by |

humans in fermented foods and by don-uc animals in feeds is, Lhnte-
fore, qune old (Reed, 1982). In almost all of the abova hmnled
foods, mk:robml proteln mnu'lbutex greauy to the ‘nutritional vulua of

the diet. . ¢
£y " -

1.2.1. Nutritional value of SCP

“SCP compares well with high quality protein sources in terms of

crude p;'olefn supply and the overall .pattern of nutrients (Miller,

1968), and is suitable for use in for "animal y and

uquaculmre and, in a refined form, ssi as a protein in~

o
the human diet (Dimmllng and Selpanbush, 1978; Lllchﬂald 1977).
Tablé 1.1 shmvs the grosl chemical compolmon of various clnuu of

microorganisms. In general, microbial proteins are “rich 1 lyséine and

y poor in sulf amino acids (Reed, 1982).




Table 1.1. Chemical composidon of the microbial biomass for classes of
- nncmrgnnhms (% of dry weight)1

Chemical | Filamentous’
. composition fungi’ Algae Yeast, Bacteria
. ;
Nitrogen (N) . 5.0- 8.0 7.5-10.0 7.5 - 9.0 11.5 - 13.3
- * Proteiri 31.0-50.0 47.0y 63.0 41,0 - 56.0 72.0 - 83.0
. . (N x 8.25) .
" Nuclefe atids 9.2 © . 3.0- 8.0 6.0 %12.0° 8.0 -16.0
. _ Ash ' 9.0-14.0 8.0-10.0 5.0-9.5 3.0- 7.0
Liplds 2.0~ 8.0 " 7.0-20.0. 2.0 - 6.0 1.5~ 3.0

w . 1souree:

Reed (1982).




The high nucleic acﬁ content of mlci'ohinlvblamun.lu, however, a
problem when it comes to using microbia] bioma‘ss as food for hun’mns
since man has lost iha ability “to s'ynthasizq enzymes that can break
down purine compoun;:ls, the 'sccumulation of which leads to metabolic
disturbances, specifically gout. i . ¢

The estimated safe intake of nuclelc acids for a heaithy ‘adult

person is about 2 g per day (Reed, 1982). This limits the possible -

and of biomass for human consumption
(Waslien and Steinkraus, 1980). - ‘
.
1.3. xdibla fungi

Edible’ fungi are smong the few m(crocx-ganism used as t‘oﬂd by
man (Bunkar; 1964. Waslien -and Steinkmus, 1930). Tboy have nd-‘

vantages over othsr microerg-nn!sms when tha cholce of SCP ls for

foodstuffs. They are claarly nontoxic and have hlgh food values

‘(Crisan and Sand, 1978; Eddy, 1558), are delicious, and are maore -

acceptable to the cdnsuﬁér because ' they are used in existing fcog—
stuffs.  Their natumi_ly occurring texture and flayor make them .par-
dcular\{t suitable for human foodstuff (Solomons, 1975). They hgve,¥

therefo@? béen used in v.he past and are used st present for or in

foods i[a many parts -of the wm'ld (Utchﬂald. 1903) The ancmn/_ : '
Romans und Egypﬁans reipected the deuciolxs taste and flavor of mulh-
Tooms (thchﬁeld, 1967ay.© The Greeks regarded mulhmoms as pros
v‘ldlng strongth for wan'lors' in battle, while the Chineu treasured ~them
as hea.lth food (Change and Mues. 19!2) Todny, mushrooms are eaten

" by almost all péopla of ‘the world (Bano. et al., 1963; Kur!zmn. 19795).

‘




i.a.x. Mushrooms as a source of protein .

. Mushrooms and other edible ruﬂil\upnum one of the world
- . greatast | s of | . and palatable foods (Bano et

s * al.; 1963; Chang , 1980) and may, therefore, be copsidered as a source
of ‘food boih for human beings and for livestock (Reusser et al.,
1958a), and as a possible. means of directly incressing food 'pmducuon
(Gray, 1970; Kurtzman,' I978a). They are thought to be an attractive
source of er?z-m (Bano st al., 1963 Robinson” and Davidson, 1959|
Solomons, 1975; Sugihara and Humfeld; 1954). Their protein is easily -
digested amd ol_ higher quelity than that of vegetables (Chan, 1981
Chang, 1980; Tseng and Luong, 1984) and in Some cases equal tg-
muscle protein (Bano et al., 1983). Mushroom pgo't'em contains‘all the By
. ssential amino acids (Chan, 1981; Crisan a’nd'_sm’da‘, 1978) in high ’ -
cnncuntrn‘inn‘l when compared with egg protein (Hayes, 1518)‘ and it is
» 2 : alpednfly r!cl; in lysine and -leucine.” The efficiency of protein pro-

. duection h hlzhn- for. muqhmoma lnd-ot.hor fungl than fex' any conven-

~ . tional proteln sourcs, (Tserg and Luong, 1984). In addition to pro-"

i teins, mushrooms ere agood source of the vimmina (Crisan and i

. Sarids, 1918), fat arid phosphorus, low in calories (Chang, 1980) and
e are \ucd as ‘flavoring agents in foodr (l.ltchﬂalql. 1967c; Tseng and

+ “ +. Luong, 1984).
s e e F Mu-hmn-, like other t-st-g-nﬂdng organisms, contain higher
PR mpaunt. of nucleic acid than “do conventional foods (Table 1.2). How- '

ever, on the basis of 2 g of nucleic acid, per day as the estimated safe .
. intake for a healthy adult person, it'ls quite safe for, one to-Consume as

.. 4 . muchas 360 g of fresh mushrooms daily (Chang, 1980). Since this is’




Table 1.2. Nucleic aci of " cor with those of
' . other foods

. . " Nucleic acld
Sample - (%-of dry weight)

Agaricus bisporus . X 7.4 . B
Pleurotus cystidiosus : 6.2 .
N Pleurotus florida . . . © 8.0
YVolvariella volvacea 8.8
(fruiting bodies)
. Volvardella volvacea 5.4
(mycelium) .
. Microorganisms . . 3.0-25
- Cereal ' 1.1~ 4.0
Meat and fish T 22-s7

- source: Chang (1980).




generally beyond the human daily consumption, the content of nucleic
acid in edible mushrooms should not limit their use as a daily vegetable.

"1.3.2. Rate of mushroom consumption

In most Western the of edible

mushrooms has been increasing rapidly during the last few decades
{(Hayes and Nair, 1975). Tseng and Luong (1984) ‘have ‘reported that

——in_the last 20 years, of has at an

annual* compound rate of 13% in West Germany, 11% in Canada, 9.5% in:
the U.S.A., and 6% in the United Klngdom and France. ‘

The, total wn‘rld production of edlble fungi was estimated .at about
1,135,000 tons in. 1881 (Zadrﬂzﬂ and Grabbe, 1983) which was far bslow

the total world demard, for edible mushrooms (Tseng.and Luong, 1884). .

1.4. Cultivated mushrooms 4 i

_ There are more than 2 2,060 sp;edns of eiﬂbla fungi in 't.he‘world,
/but So far mﬂy about 25 -of ‘them are widely accepted for human con-
sumption (Bessey, 1861; Chang,lllsso) The five Mst important cum-
‘vated mushrooms are: the white mushroom/button mushroom (Agaricus.
bisporus), the black fon‘ast‘mu'shmom‘luhﬂuke (Lentinus edodes), the

. - winter niushroom'* (Elanmulina  velutipes),. the straw mushroom

(Volv_nrlalln volvacea) and the oyster juushroom (Pleurotus spp.) (Cl;ang.

and Miles, 1982; Tseng aﬁd Luong: 1984). Aga rleus.'h cultivated fn

v f but u mmonly consume malnly in Euroye and
North Ameri¢a. Lentinus and Flammul.(na are commonly g'mwn in China

ahd Japan. China is aiso the main producer of Voivariella, but it

’




. ) ' 5 i
Plegmtuﬂ is gaining popularity in Europe and Asia (Tseng and Loung,
1984).

1.5. Methods of iuhmm cultivation

Although edible mushrooms-are still ‘collected in the wild in mo.st
pérts of the 'warld. thelx; scientific, cultivation began as far back as the
17th century in .ance (Lambert, 1938; .fdtchfield, 1967a). Today,
culuvaﬁon of mushrooms. is worldwids (Riviere, 1977; Smith,  1968).
Cumvadon tachnxquas are’ based on uqu!d or soud subuu-atn (Zadrazil

and Grabbe, 1983).

1.5.1. Solid culture of mushrooms

possess t enzyme which ansble zhém

tq ﬂourlsh auccesafuuy ‘on. a wide varlsty of. inaxpamiva substrates,
-such as L{gnin, ceuulosa, ‘hemicellulose, _pacun and other industrial

wastes which are not sui!abla’ even’ for anhnal:feéd (Bano ‘et al., 1963).
Tnd&ﬁonnl.ly, )mushroom fruiting bodies are pmduced on solid cultu!'e.—.
Thia Brooses uﬂuzas waste materials sich as manure, careul an-aw, corn

cobs, wood bark, sawdust, cotton seeds and o!her plant wastes as

substrates (Tseng and Luong, 1984). Three major stagau are-h}vclvad
in the solid culture é of Son tha y (veg ative)
growth, the f of. p and the of pri

into ‘fruiti‘ng Meu. 3 -In some cueé the process réq:xims_c;:mp\nlung of -
the substrates and the use of asingsoil to initiate primordia. The

s;ug culture vp'x:ocass»i_s nln;.x/s lengthy,’ compiex, and requires a Iot of .
space dm_i r_mnpower. 'mi makes the p;roducuqx'\ costs and the “cmt' a('
fresh mushrooms very high. :




F
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- 1.5.3. Submerged culture of the |!‘llllhnam mycelium
Bamuli the demand for mushrooms is greu‘ler than the supply,
" work was undertaken to ‘see ‘if they could be grown in submerged

5 . “culture.  This process 'is considered to offer the promise of a l;n'ge ¥

scale, low-cost pr fon of r y for foods and feeds

(Hashida et al., 1967). The development of submerged culture methods

for producing mushroom ‘mycelium came from the experience guineﬂ .
N 8 A

pmceu'es (htchﬁeld.‘lsé’la).- The first commercially on’emated re-

o . ‘search on bm 'ged culture n of was_carried out

by Humleld (1948) He reported thnt s good commercm pmduct can. be.
" grown on any medium that, conta!nu a “suitable uger and’ other essenﬁal
= . ) nutrlanti, that does Jnot ccmtain an mmd.ient inhibitory or toxic to :ha ,‘
) \ grow!h of the: microorganisms, ;and that does nnt impm a chmctemshc
¥ ﬂavur of. lts ‘own during its use as a medium, Slnce then, there

) heen an attempt by. many m)rkeh to. intensify '.hs procen o{ blomais

' 'prodqcﬁon from “higher fupg‘l. Humt‘elq and’ Sugihan_(»l,gﬁﬁ) demon-
" strated that Agaricus campestris could be grown in the mycelial- form in
" submerged_cuiture and that -nutrient %equiremé;lta for the. growth o“f

thin nrganh were quite slmple ‘In 'subsequent studias, Sugihara an

Humleld (1954) mponed the submerged culmre growth of * seve:
vmuahroon spadeu. Eddy (1958) atudlsd the growth of 20 species of
muuhmm in uymhaﬂc culture. In:a sarlen of patantu, Szuecs (1958) :

Humhld (1954) and Cirillo et al. (1960) c methads fop-

.my in in sul ed culturu. Szuecs” (1956) clnimud that
the - mycelia of ‘several mushrooms,

hlclud.ing Pleurntux oan—eams,

during, World War II in penicillin and other fungal sftibiotic production *
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Morchella esculenta and A. amg_ef‘lﬂl. could be g'powﬁ‘ in Vluhm.l‘ﬂﬂd v
culture. The growth ) of some d ing fungi ‘(' i

et g., 1955) and some mushrooms (W}utakgr. 1951) grown in submerged
culture, have also been studied.” Reviews of the work done on the
submerged culture of mushroom mycelium have been presented by
Litchfield (1967a, 1968) and Worgan (1968): Tht; cultivation of basidio-
mycetes in fermentors is mon.ly used in physiological smdlaa in order to
determine single parameters for biumuaa production or' to produca -spe=

cial enzymes, or it is used as a for

(Zadrazil and ‘Grabbe, 1983). The potential of mushroom as & source of .
fungal protein, a source of spawm, or as a flavoring agent makes the
‘production of fungal mycelium in ‘submerged culture b most attractiva -

prospect (Hadar and Coheri-Amz.i, 1986).

1.5.2.1. Nutrifive value of the mushroom myeaum gmn by N
' - submerged cultire - o ¢

ust r £ n grown in y culture has been .ra};brted
to be capable of prod with good nu value (Block ot

al., 1958; Reusser.gt a_f.. 1958b), and has potential use as a food, food
'

1980; Jamrdl{.nan- et al.,

addn(ve or food supplement (Cirillo e_-t

1970; Litchfleld, 1968)..- Litchfield (1963) has stated that.a plessaitly

g 5 & '3 Sy
ﬂavored prctein made from could be of particulpp —=—

interest to the devalaping countries of. tho world where chronic pmmn

shortages a:dst




' 1.5.2.2. Advantages of the submerged culum nlvm
The lubmrg‘d culture process has the advantage of pmduc.lng

large- amounts of y in a ly short period -of
time and in all - areas of the world -the year (Li jeld and

Overback, 1965). This is becauSe the growth rates of fungi on liquid
media are ofteri higher (T;gucm et al., 1968) than on solid media.
Ai:o, factors such as pH, nutrient concentration and .aandan can be
controlled and, hence, a product of uniform quality can be produced
(Suacs, 1958). Submérged culture processes can also make usé of

‘mduli.rhl lnd food. _ wastes .as (L 1977) -

and, hunee, reduce biological oxygen demand (BOD) ln the environ-

ment. " The process is’ simple and r¢ g ly little
labor q}d ﬁplm ln.valt'mem R

1.5.2.30 Aﬂ-phhﬂ!tyd!hplndm:t

- Despite its ¢ i culture on of .
has not much interest ( » 1979%a).
C : of morel y y i by submerged cul-

ture ‘based on the process developed by Szuecs (1958) was reported by
Klis -(ma).- The process was, - however, not a complete success and
production ‘had to be discontinued (L&Duy, 1974). Block -(1960) e-
vhw-d the developments that had been e in the produgu.c:: of

in cultuu d noted that séveral times °

durlng the preceding decade ﬁgdmmed

but that n had" not' yet m-tarhuzad. The failure of the submerged *

Cof  to sttract - al ‘interest could be attrt:

huud to the lack of u:capubﬂlty of '.ha product‘ It has been reported -




12

that the submerged culture. process “‘oes an produce fruiting bodies
(Block et al., 1953; Eddy, 1958; Zadrazil and Grabbe, 1983); and that
only a few strains of cultivated mushrooms retain their~chnrnc(;ris(ic
mushroom flavor during .submerged cultivation (Block, 1960; Laml.:uQ. :
1938; Litchifield, 1967c). .

1.5.2.4. as a » g agent

Mushrooms are mostly used as a flavoring agent in soups, sauces
a;nd gravy mixes rather- than as food staples (Chang, 1980; Eddy,
1958). T f the my 0 by submerged culture was

- to have the characteristic. mushroom flavor, there should be no pmhlem

of c z If the ; ﬂA\TOl' was pnuant, the

pmduct could .help to allevinte the" cumnt uhnrmge o! proteln (Lm:h-
field, 1963, 1967c).
Ginterovn (19735) has auggested that the lack of frumng bady
formaﬂon snd flavor in submerged cu]tum was due to dedikaryotization
’ during agltauog. One of the phusg of the life cycle of basidiomycetes
is thg‘ mn‘fing of two cox;zpndbla monokaryotic cells to produce dikaryotic
cells from which fmﬁng bodies are for_med.‘ However, Kuﬁzm;n ( 1878)
was qt: ‘the view that the loss of flayor wt;s not *qvue to dedlkeryoilzadon
“but- to cénﬁdmﬂon by other microorganisms. -D'{jknra (1978) and
Litchfield (1967c) have ‘;eponad that the flavor of ‘the mushroom mycel-

ium was dependent on the substrate and the strain..

flavor

Y

‘Ls.2.5. B “'otua' )
B Szuecs (1949) dév¥eloped .. a mathod ol enhancing - the mushroom

‘ﬂavor of some, edible ‘qu in e { culture.




The method mcludad\ autolysis_, heating and cooking, chemical treatment,
muglng, agitatién and aeration of cultures after the growth has ceased -

d, and ing the

and all the have been
o o B o
medium—with complex nutrients. Litchfield (1967c), however, -has

. reported that almost all of these methods have been tried and found to

produce ' little ‘or no flavér 1 (1963)
claimed to have obtained better flavor when he Supplemented the medium
with skimmed milk than with corn steep liquor. -

1.6. The byster mushrooms, Pleurotus species .

*1.6.1. Biology of thalpléumm mushroom L

The - genus Pleurot belongs to the class Basidiomycetes and: to
o nus . 2leurotus bf -

the family Polypomqe’ae (Flg 1.1)." The génus is cosmop\qm.an (Eger,
K 1678; - Zadreai] and . Grabbe, m:), ‘andthere "are’ 39+ known "species
. (Singer, 1975)_ Mest of thesa species have common morphological
characteristics and, hence, it is difficult fo identify "them by

morphology (Eger, 1978). ‘It is, therefore, the view of some workers

that the in ‘the Plerotus spp. “can be approached
from the viéyvpolr;t of sexuality .mth:ex" than pure mt‘n:phology (Eger, ’
) 1978; E_ger,gg,a_l.,_,lﬂ'l_s). The color of the my-ce'lium is white, Lut that
of the épnyophnrs- varies (Ege;-, is"m The latter may be as wMts as

the myceuum or ‘it may be cx‘eamy. brown. gray or pink.

1. ‘8 2. Phylln!ngy nf the Pleumm muuhronm b R
Pleurotus spedes have relatlvely simple .growth requirements. It

is reporuad that for Loth' mycelial growth and’ fruiting body develop-
ment, ugﬂin-cel]uloue mmeﬂa.ls m sufﬁcient (Block. 1965), BI_Id(
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of protein depress yleld (Hayes
and Wright, 1079). Platt et al. (1984) have studied the activities of

Pleuro rotus d in é i C of

Pleumtul species does not requh-e composting (Jandaik and Kapoor,

1974; Worgan, 1968) nor, in some-cases, pasteurization or sterilization

of the gubs (Tan, 1981, et al.; 1975), Zadrazil (1975,

1880). has reported that carbon dioxide is- required for the growth of

. some species of -Pleurotus, and that supplementing the substrate with

‘some organic nndlor MnrMc sources of nigmgsn could increase yield

and total nlt.rozen con(ant of Plelirotus. The passﬂ'ﬁnﬂes of nitx‘vgen
fbmﬂnn by Pleurotui .have been comprehsnsivaly)feﬂewed by Kurtzman
(1879!‘1). Plauromu species can be c\xldvated at a vdda range of temp-
eratural (2t 3°C) and relative Eimldity (61 to 72%) (Bano et al.,

1963) .

. { 1.6.3. " Nutritional value nt the Pleurotus ‘mushroom

Pleurotus 'spades are exotic mushrooms and are treasured fof their .
taste nnd ﬂavor, are non-tm:lc and have a high content of crude pro-
tu!n ln which all !.hc ansenual amino acids, except methionine and phe-
nylalanine,. are present in high concentrations (Bano et al., 1963). Al-
though thc lvange pmteln content . of Pleurotus mushrooms is low '
cempu'ed to that ‘'of A. bisporus; the nutritional value of " Plaunotus is -
not lnfarlor to that of Agaricus bécause ‘the yield of the t‘ormer mush+,

room is almost two times highax- than that of the umar, which makes the ’

prn!e!n output, in ‘thé ‘form of ed.lhln fruiﬂng bodies, hlgher in Lhe

Pleurctus mushroom (Enno and anmﬂmnn, 1982).




¢

1.6.4. Cultivation of the Pleurotus mushroom *
\

Pleurotus spe’ciea are y  new

(Declaire, 1978). In recent ysa;_e.. they have gained prominence as a

type of edible in \eas(stn (Bano and

1982). " They are grown in' Southeast- Asia, Talwan, Japan (Kurtzman,
1979a; Tan, 1981), Gamany (Ng et al., 1911) and Hungary (Heltay,
1979), and are also becoming very populax- 1n lndia (Samajpati and

, 1982). Pleurotus spp. Eormed about 2.7 percent of the
total world of. edible in 1979 (Chang

and Miles, 1982). . /

1.6.4.1. Substrates for cuitivating the Pleurotus mushroom

Arificial -cultivation of the Pleurotus mushroom began in the 20th

century (Zadrazil’. 1?18). In 1958, Block et B_l.. successfully cultivated

Pleurotus species on sawdust, but mass production of Pleurotus

substratum on straw basis was first carried out by Bano and smv‘mavn

(1962). In addmcm, Zadrazil and Kurtzman (1982) studied aspects of

the i pr of P épecies. Recently, many.

Pleurgtus species t;ave been successfully cultivated on a wide range of
different substrates, such®as .cotton wastes (CHang et al., 1981; Cho gt
al., 1981; Nout. snd Keya, 1983' Tan, 1981), paddy straws (Khxmu:‘ and
Garcha, 1982 Jandaik and .Kapoor, 1974; Samajputi and Bandynpudhyay,
4982), banana stems (Jundn.lk and Kapocr, 1974), .coffee pulp (Guzman

‘and Martinez, ' 1986), oil-palm péricarp (Ng et al.,- 1977) and . paper

(Steinkraus and .Cullen, 1978). Comprehensive literature on the

cultivation of Pleurotus s_pecleé has been summarized by Zadrazil (1.918),

\Kurtzman and Zadrazil (1982), and Zadrazil and Kurtzman (1982).




1.8.5. m Gatreatus (Jacq. ex Fr.) Kummer

1.8.5.1. Camrdll lm'pomne- of P. outrmtus

B." ostreatus i{s the second most tmpcrmm edible mushroom in.

Europe (Lelly, 1982); It has been used both for .the commercial pro-
duction of fruiting bodies (Zadrazil, 1978) and s a modsl in the studies
of - lignin biod.egnd@ﬂon (Platt- et al 1954) It is the ‘most widel_y
cultivated of a!.L the - Pleurotus species (Hk)xes and Wright, 1979). The‘

first attempt to cultivate P. ostreatus in Europe was in 1969° ‘ (Kostad-

btnov et al., I912) Some shac&l med.lcinal proparﬁes have also been

. Es
claimed for P. ostreatus resms (Yoahlaka et-al., 1972). :

1‘.5. .2. Horphohgynt P. o-trmtn-
The pﬂauu of B. ostreatus is etamad at ‘the side, shel.led, spatulav

“or tonigue-shaped,” and ‘is d Ths_lamal!ae are whitish or grey
and decurrent; the stipe is short, sccenu—ic or lateral. Two strains of

"P. ostreatus have been iaphtad (Eger et al., 1976): one from Florida

and the other from Germany. The first is well known to growers
throughout. the world as the "Florida type". It is identical wigh P.
sepidus Kalchbr. The Germen type differs from thé American jsolate_in
that the fruiting process is sensitive to tempenturés above 15°C and
will, therefn'n, not " fruit ia‘ths range of. 15,_,-25%, m‘which the
Pleurotus from F-lordds is usually grovm commerciauy. There is, how-
ever, lmle or no d!!fennce in ‘appearance between the two 1solnnss
'(_qu et al., XS\"JS). . -

P.

outmntuu has gymnocaryuuu t’z'ulﬁng ‘bodies, whmh means that

durlnz Apcmphom dqvetopmm the lamalha are covered by a_velum ¢
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which is ‘produced soon after the first lamellae .are generated. The B

spores are liberated in great quantities, and may elicit allergic res '

\‘sponses in many persons who inhale them repeatedly. Eger (1976) has
' reported the isolation of sporeless strains of P. ostieatus.

1/6.5.3. Genetlca of the P. ghtrestus mycallum

Pure cultures of _the Pleumus mycelfum can be obtained by spore_
ge:lminsuon or by tissue culture (Ginterova and Jnnotkuva.‘ 1975). PB.
ostreatus has typical monokaryotic and dikaryotic cells (Elliott, 1982).

The basic life cycle of the higher fungl is.from spore to mycelium to

fruiting body and, following a cel.l division, back to spore anln (Fig.’

V.2)s fl‘he monokaryon pmduces asexual spore! called ofdia }E!.um.‘

1982). Tharefcre, reproduction is either aaxuu.l or asexual. - P,

ostreatus shows i (And et al., 1973;

Eugenio and Anc{ei'éon..less) . ile., the basidlum or fruitirig body bears

four types uf single spore isolates with dlft‘erant incompatibility - (two. :

different A and two dj.ffarqnt B) factors essential for the production of
fruiting bodies. Such m‘yceua imemct to form a dikaryon, bearing

clanip and g, nuclear division that cnn-les

. different A and dl.fferent B Incompuﬂbmry factors (Rapar, 1986). Thl

of B: waa “first by Van-

_dendries (1932) and has sincé been confirmed by a number of authors .

.includ!ng Eugenio and Aﬂderson (1968). Toyomuu et al. (1988) have
studied interspeciﬂc protoplast, fusion between P ostreatus and BP.

salmoneostraminues.
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1.6.5.4. Growth conditions for the P. cstreat

(Zadrazil, 1915) The ' reported npumal temperature nngc for

growth of the P. outmst\:é mycelium is. 20 - EU?C (Zadrazil and Grabbe,

1983). P. ostreafus requirés oxygen (Zadrazil, 1978), and & carbon’

A. dioxide concentration in the air o{ up to 28% (iadmzﬂ. 1975) for ;ny- .

celial grow!h It is also mpcrted lhnt a very acidie cund!uun (pH ¢ . &
.and below) inhibit: mycelial gmwth. and that rising pH values of 4 ro 6
affect mycelial growth . favonbly (anmzu. 1918) - Light {s not required
o for ‘mycal.hu growth, but is naeesuary for the t‘ormauon’ of frulllng body
’ pﬂmord.la from the myeeuum (Cho et al., 1981, Woz-gnn, 1968; Zudrszu

- and Gmbbe, 1983). However, some werke.rs (Block, et al., 1959-

Jandaik and Kapoor,”l,s'u) have reported normal growth of P. ostreatus

fruiting ‘bodies in the dark. Other factors™ such as .the sources. of
" carbon and ensrgy, nitrogen, and the carhbqlmtmgen ‘ratio “are impor<
tant for the growth of P.

P. ostreatus mycelium (Zadrazil arid Grabbe, °
S, y
1983). oy . . i

s . . )
1.6.5.5. Some studies on the submerged growth of the P. ostreatus /
Pleurotus species - grow well and rapidly in’ submerged culture
g = X d .

\ (Zadrazﬂ, 1918) ‘The method has, !herefbm, baen recently used for

hyaiolngiml studies and for the industrhl producdon of !ha B.
atus myul.lum (Jen.nhon et 31 o 1955 Worgan, 1968) Volt (19!8)

studied the snbmergsd growth or strains a! B. o-treuml by compqring

growth in media with 44 carbon and smrgy snurcas and 31 nm'ogtn
< sources. .In ‘addition, he examined the effects of vitamins and growth




- -hormones qn the growth ot P. ostreatus in submerged culture. He

.dln as the nltmpn sodru anmzu (1975), using sulfite waste

uquor as the sole organic wureu. reported uuz low concantrudonl of

L] the sulﬂu uqm?r are a good medium for the P. outra;m- ‘mycelium
. production. The ability Gf P. ostreatus to fix ritrogen by submerged

poulture was ' investigated by Ginterova (1973b). Labenelah st .

(18'11), whn studied v.hn>lm:tou lnﬂunndng cultural oond.ltions of some

mu-ln-ooml including P. n-trestuu in lubmrnd culture, reported that

: . inoculum size did not affect the ylald and thn protein content to a great
’ : nxtlnt, and that thn favorable temperature range for’ growth of the P

. ostreatus myc-uum in uubnm-gad “culture: was ~20 - 25°C. Dijkllra
. (lB'lG) mldhd \‘.ho p:oducuon of flavor compmmdl by tha P. ostreatus
' ‘\nycali\m in lubmrg‘d mxl.turs He reponad that P. oltrutul, pro-
. duced 'in submerged culture, had féw or non- of the components which
Eddy (19.'D\muugmd the pro-

to flavor d
4ucﬂor; of mushroom mycelia by lubmr}vd cultivation, and reported

that ¥ of mycelium ir that of P. ostreatus

Hpox(t-d that the fungus gev well in synthetic media with ammonium :_

could be obtained. However, flavor, if present,-was only weak and

to be che and phyg / from the usually
" flavor. T lnd Humfeld (1954) found that
- Pleu g myccuum did not producl pluunt flavor when grown in

.-uubmorpd Oltun. "Shannon - and Suvongon_,(lﬂ'l.’:) used brewery

o s ) wastes as for the pre ,'ul yceli qt some y
. including-B. _}ol!r.ntug. Sugimori et-al. (1971) have rgportad the pro-
duction of fx'ufunz bodies of P. ostreatis on the liquid surface of
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. . -
uuhmex-zed culture. It has been reported that submrmd cultun could_
be used to produce P. ostreatus liquid spawn for solid culxum of

fruiting bodies (Kmnadlnov m nl
N

1.7. Peat - 5w ' -

5 s

1.7.1.. Accumulation of pe-{

Peat is an accumulated plant residué at vario\n stages ef micrabial
decompogition (Cha.ng, 1935). due to a g-mdual decrease in oxygen
supply from the surface of . tha accumulatsd wet plant mnmx‘ to a level

below th surface Where oxygen from the air andlor tha plant residues

is virnmlly absent (Fuchsmln, 1980). - The parmnsm.ly wet and par- .

ﬂmy\d7ecomposed remains of the bog plantx ncrumhteu ver:rjlowly :

On the (average, it takes 3 000 to 4,000 years to accumulate & meter el
peat (Fuchsman, 1950), ¢

1.7.2. Classification of peat

-Peat is
(F n, 1980). ally; there are’
low-moor, and ‘hig! n peats. In 1 'pu!y, the béé

, water system is :or’xunuous wi‘t.h the mineral and ground water system.
The bog water system for- high-modr peats is. significantly above the
ground wutar system for minefal solls. Thus ‘low-moor peats are fre-

' quently cuvamd with water and are, therefore, _wetter and hnve )u:har

g . b
g to its and phy- *

" of " material - than - high . moor pentl'

(Fuchmn, 19&0'). Botanically, peats arc named accordlnz to the
plams “that grow most abundantly in ‘the bog. slncu they are umy to

.be the same as the pl.nnu whose* d.compond Hlld\ul form ‘thl put




s

immediately ‘beneath the lnrl;ee. .High-mor plants. are mostly mosses
(M), since they can thrive .in mineral-poor water. - Low-moor
plants are those which require higher levels of solutes md are - mostly .
woody plants, Physlochenmical classification of peats is based on the

degres of or . L peats are commonly

5

. - .. 4
more than high-mc peats (R 1980). Some work-

ers (Morita et al., 1980; Morita and Monlgomry. 1980) have suggeaud

. that analyses of sugars’ derived tmm hot acid hydrolysis of peats may

.be, ulaful taxonomic aids. :

. The 'main" variadea of . peat can Allo be disﬂnguiuhed by theh'

'acldlty and their nh content. Low-moor peats have higher nsh ‘con~

tenu but are len ucidic than hxgh-moor peats (Fuchsmn, 1980).

5 ln vf nre largely of a_complex ..
array of unforested bog and fen typu (Pol.leu, 1972). The bog
vegetation |layer is a combination of Sphagnum mosses, particularly S. «
fuscum ‘and S. magellanium, along with uheep laurel (Kalmia

angustifolium). The fen type is richer ln mm-hmts, lus acmic. hu p

higher bulk densuy and is generally mora ‘humified than the bog typa
(Pollett and Wells, 1877). o

1.7.3. Composition of peat - ° ) . Y
3 Peat {s compcud mnlnly of water (80 - 90%) with only’ about 10 -
20% of l!l mass as partially decompand residue of dead plants and

1Mcmrgnn!nmu. " Chemically, peats are Iu-gely‘ ot-gnnlc mateﬂal with

very little inorganic matter. 'ifh'e composition, of the. orgénic: residue of
- 3 L] -

. i
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M peat is shown in Tabld 1.3. The bitumens include waxes, resiné and
other substances soluble in organic solvents; the humic substances -‘re

i soluble in aqueéous alkaline media; the carbohydrate-related: materials

such as and he and some ‘can ’

be. dissolved by treatment with acid; lignins are soluble in strong bases

and are cher—l ; > in their __There are also
smsl.l‘ quantities of simple -sugars, free amino acids and other water

i soluble components present. The cellulose. and hemicellulose content of

@ peat is by d (Pu vi and Robertson, 1877).
Thus high-moor peats hava a high y content p to

low=moor peah. The hlgh polyuccharlda content. of Mgh-moor peats
makes them .particularly. suitable for processes such-as ‘SCP producdon.

which” re'quj.rs large amoynts of
\ A
(Fuchsman, 1980) .
. Humic acids are munly gelsumus colloids whlch. in high concen-

. tmuons feel soapy to the wuch They are fox-md as a ranun of the
decompasmnn in l.lg-nln and other snbatancal (Puustjarv‘l and Rober!non, . 8

1977). g

Peat is nurmn!ly deficient in most plant nutrients. It.is raporti&
that. “the nnmgen content of peat with :
(Puustjarvi and. Robortson. 1917). _m.pau mou,v‘ therefore, has

a low ccntent of nhx-ogsn.

Appm)dmately 40!h of the total n!trogen in paat is prennt as
acid-N, and/or as amino sugar-N.. Therefore, a conﬁdenh chamlcal'»

action is required to convert the organic mtmgﬂ/molubh form

" .(Puustjarvi and Robertson, 1977): ’ .
N ;



Table 1.3.

Chemical composition of high-moor Sphagnum
low-moor sedge peats (% dry weight of peat)

Components

Total ash

Sphagnum Sedge

PH ' 3.0 - 5.0 4.0- 7.5
Mblsturaz_ 80.0 - 90.0 = 80.0 - 90.0
Bitumen Ca1- o9l 3.2- 3.9
Hemicellulose §;0 -2a.0 6.0 - 10.0
, Cellulose 10.3 - 23.7 " ~78- 8.1
ngliﬂ' and humic 26.3 - 64.3

substances R )

. "Protein (5st X 6.25) 5.6 = 6.9 / 16:0 - 13.8
Total. reducing sugars © . 20.0 - 4139 16.3 --20.0
(as glucose) B )

“ 1.5- 3.0 7.7 - 145

Isource: © Fucheman’ (1580).

z% wet welght of peat.

1peats and
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The inorganic fraction of peat consists of calclum, fron, magna-

sium, stlfur ard phosphorus, as’ well ks.many micro-elements (Quierzy

" et al., 1979; Smith et al., 1958).

1.7.4. Distribution of the world peat reserves
Peat covers more than 1% of the world's land area (Ro!u‘er, 1881).
The total exploitable peat reserves in the world are about 230 million .
hectares (LeDuy. 1979). It is estimated that about 90% ofbme _wor.ld's
ﬁeat Tesources are locuted' within thre‘e eoumries' (Table 1.4). Peat is

one. of Canada's most. sbundant, and yel. least exploited resources

(Chornet et al, 1980)‘ Ahout 2 mmlon heclares of Cannda‘a peqt re=-

serves are located in Newfoundlnnd. (Pollett, 1972). -

1.7.5. . Uses ofpeat

As én organic ma(ennl, peat can be used for a vuﬂety of purpn!as

1 i v c energy and medical uses (Lisht~
van, 1981). So far,\mé largest industrial application’ ::f peat ‘{s as a
fuel (Rohrer, 1981; Chornet et'al., 1980), especially in- Finland,. Ireland .
and the Soviet Union‘ (Fuchlﬁn, 1980). The low ash content and
sulfur level, and the rapid ‘i:uming characteristics of dehydrated peit
pruducl make it a potential ﬂubstitute for oll in many uliuty and lndus-
mal ‘boilers ~ (Rohrer, 1981). . .In’ F(nland and Gsrmany, high-quuuty

fnrmed coke for foundry or blast furnaces is ‘made fl'om peat lor the

: - metallurgical industry (Fuchsman, 19;0). In Brnaln, ex‘parimentl hnve

uho\n;n that peat is a patential source of gasedus fuel (Morita, 18809 .

In Canad.nv, studies have been conducted : for the possible  uge of peat as
S s :

" @ 'source of energy (Gallo and Sheppard, 1881; Chornet @t al:, 1881). -




‘Table 1.4. World peat uuureeil . '

- - 4
Extent of Resources
. N % of total
Country B (million hectares) world resources
caNADA . 129.50 56.18
. U.S3.R. 71.50% 31.01
FINLAND g 10.00 4.33
p U.S.A. * 150 3.24 R
NORWAY 3.00 1.29 AN
: U.K. 1.58 0.68
SWEDEN 1.50 0.64
POLAND 1.50 , 064
WEST GERMANY . L . 048
IRELAND 1.00 / 042 !
‘INDONESIA 0.70 029 / i
EAST GERMANY 0.49 0.20
3 CUBA. - LN .- 0.0 ' 0.08°
JAPAN - . 0.20 0.08
: IR! 4 017 0.06
5 \ NEW 2| D 0.17 0.08.
HUNGAR 0:10, 0.03 * S
, NETHERLAND! 0.10 0,03 ol
Di X 0.08 0.02
CE . 0.06 0.02
X - . 0.08 -~ . 0.02
Fl CZECHO:! 1A 0.03. 0.01
AUSTRIA, 0.02 0.01
“OTHERS 0.40 0.18

“Sourcs: - LeDuy (1879).

"l‘hm are exploitable reserves only.




Peat is also used for and ses in
North America-and Europe (Fuchsman, 1980; Sinclair, 1981), In New-

.foundland, about 2% of the total péat reserves have been used for

tﬂal‘f m;i (’Polht. 1972). Peat soils in Eumpo ;
are used axtanaively for forestry and pasturage, while 1n Camda they
are mahuy used for vegetable production, )
Peat is also a potential source of organic and industrial materfals
' such s phenols, nitrogen bases and some aromatics, w;ueh l useful

for the production bf plastics, plant and

(LeDuy, 1881)." Peat tar. which is a useful orgenic: intermediate,
contains asphaltenes, wax nﬂﬁaﬁfﬁn, nau‘tral_olh, and _hyd::ocuhunl.
The py:rolyah'procen used in the fuel m'dusn-y to_dewater crude p;nl

o such by as fi 5 2 “and 1 -

(Rohrer; 1981). Peat ‘wax may be wsed in industrial lubricants and

, and in the Soviet Un&un‘pi‘odu‘cucn has

coating
been increasué recently -t;om 200 to 800 tons (Fuchsman,- 1981). Peat
humates can be used as drilling mud additives and- also to improve flow
‘properties of Portldnd ;:amnn( mixtures (Rohrer, 1981).

1.7.5.1. - Peat as l_tel'mnu.uon substrate ) v
Clrbohyﬁte- comprise a’ large fraction of the organic matter of
peat (Morita and Montgomery, 1980). In addition, peat cortains high

. P : of of both organic and inorganic 3
nature (Mcln;ugh]in and’ Kuster, 19725‘)., ‘THe extractable ard soluble
compopents ‘of peat can, thereforl, serve as a medium for the produc-

tidn of SCP and’th other .  (Forsberg et al., 1086;

Nehxmn, 1380 lnDuy, -1981; Mulllgun and Coopnr, 1985), and hAVl;
" \

\




. ! *  thergfore, befn used for a lonig.ume as c‘ulturt‘a_media for bakers yeast
and fodder yeast (Fuchsman, 1880). 'In the Soviet Union, the second
l.n-g‘nt industrial ‘ppuadnn of peat is as a raw mntmgl for production
of high-protein yeast (Car-ter. 1981).

Recently, extensive studies have been carried out on the utiliza-

N

tion of peat extracts as for the ion of
SCP (mIfaDuy. 1981; Martin, 1983b; Martin and White, 1985; Quierzy et
al., 1979), solvents (LeDuy nd Laroche, 1983) and polysaccharides
(Mulligan ;nd Cooper, 1985‘;7_Lel?uy_ and Boa, 1983)." A summary of the
various izing peat extract has been published

., Aspects for tha d { or y in culture

w{t.h pu! extract as ths main, mm-unt source.

‘1152. lbthod.nlpnpﬂngputexmnt

Di d have been used to treat peats and
‘their .components so that their are to
mien , for the sy of protein. These methods included

Soxhlet extraction with organic solvents, col‘d and hot water extraction,

enmn- (Mdnughlln ‘and Kuster, 1972a; Fuchsman, 1980), and enzy-

matic hydroly-h (Fuchsmm. 1980), v, 3 '

pnt mbohydmus for. further use. The pmceu ccmvjarts ‘the cellulose

organic . substances, . some  of whieh may be ut].l!zsdaa nutrients . by

by LeDuy (1879). Mam.in (1986) has rev‘lswed the tundnmenm process -

- 4 ) >
y ly hthe mployed in [the of -

acid end- dilute_alkaline hydrolysis carsiad out at.different temp-

*

to glucnan, lnd also. extracts other mrbohydmtel in addition to. severu.l ) _
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uﬂcmorgah!gmq. Factors such as temperature, retention dq., type of -
(m;lyﬂc agént, peat-catalyst concentration ratlo (Mc!.ou:[hlln and
Kuster, 1972a,¢; Chang, 1985; Quierzy et al., 1979; Boa and LeDby,
1982) and the ;;ut particle sf;e ‘(Morita and Levesquey 1980) have been
reported to affect the amount of the utilizable organic lricﬂ;n in peat
extract. Also, bitumen and uther'wnter-lnualuhla componemnts of peat
affect the relesse of n’ntﬁams from the peat into solution during u't:id
hydrolysis (Chang, 1985). ’ )

The Hhydrolysis process produces a liquid fraction ca.um‘i peat
extract which is rich in" both ganic' and ;

(Fuchsman, 1980). In\gsnsrul’. peat extract” produced by dilute acid
hydroiysia "of peat in an autoclave constitutes the most appropri.in
-- culture medium (McLoughlin'and Kuster, 1972a). Quierzy et al. (1979)
V i =

have r pO! that. aci ly , ysis of peat results in a com-

pu_'au»ely uéh total carbohydrate concentration in the extract due to

' higher of peat - (a "diff: y Y car-
bohydrate" in peat).

s & ». | TR s 2 S—
. Steam explosion ?ﬁn recently been used to extract nutrients from

peat for n of (Forsberg ot al., 1986).
Water expressed ‘duxdng the drying of fuel-grade peat resembles peat’
extract obtained from acid hydrolysis (Quierzy et kl.. 1978) and has

been used as for ‘of poly-

saccharides (Mulligan and Cooper, 1985).




1.7.5.3. Compotition of peat extract

'Peai extract contains mostly inon saccharides and non-volatile
orgnnic scids such efgaronic acids, hydrnycarboxyl.lc acids and C,-Cg
dicarboxylic acids as the main carbon ‘substrates (LeDuy' and Boa,
1983). Peat extracts are also rich In some organic substances such as

humic acids and bitumen (Chang, 1985, Fuchsman, 1983), and minerals

(LeDuy, 1981). "It is, however, too defir:iunt in nitrogen and phos-.
phorus for the optimal growth of micmorgarusms (Boa and LeDuy, 1982;
LeDuy, 1979; Mum;au and Ccopex'. 1985). \ )
The conceplmdons of the various ‘\suhsfhnces in peat extract

.depend on the extraction procedure. Watex\- and alcohol extracts of peat v

have low ( J‘ 1980). id ly

hydrolysls of pelt results ‘in com it exy\l higher- total
and/o-t-k—xer organic numan!s than other memods of extraction’ (Quierzy
et al., 1979; McLoughlin and Kuster, 1972a).

The munosuccharldaé in acid peat e#tmct are mostly hexose (Morita
and_Montgomery, 19&0) _LeDuy (1981) has reported that the mn}‘or, _
sugar in the HZSO‘ extract. is’ glucose wl-u.le )tylose is the major sugar
'in the HCl extract. Chang (léﬂsl has also ported that HC1 extract
t‘ror;: ‘peat cnntaln‘ed slightly higher concentretions of reducing sugurs
and total nm'ogwa)/thnn that produced by H2§0‘ solution.

11.5.4. Effect of some components of peat extract'on the growth of
microorganisms £ B / -

The hydrolysis process also yields, ‘in .‘aamon to carbohydrates,

other nces, both and non-nuth ( 1981).




Peat hy might, , have ' g or no

. efféct on microbial growth and product synthesis (McLoughlin and
Kuster, 1872b, c). MeLoughlin and Kuster (1972a) have reported that

alkaline extract with NaOH in an autoclave and solvent extract with

benzene-ethanol in & Soxhlet apparatus®inhibited growth of Candida

utilis due to high ionic concentrations. Chang (1983) also found that
even though HC1 extract of peat contains more reducing sugars and
total nitrogen than l’IéSC)4 sxtz\-uct tgxe latter is a better g'lomh_medtum.
The bfcl extract of peat contains high concentrations of ' galt (sodium
chloride) which have an inhibitory effect- on the g-mwth qf
micmorg'anlsms (Dady jand Chang, 1983). McLoughlin and Kusnr

-(lg'lzb) also reported that the best yeast growth in acid catalyzed. peat

extract, using different acld.s was in the following dqcreulng order:
H,80,, HCl, HC10,, humic (water extraction), and HNO. :

The reports on the effects of humic substances and bitwmen in

peat extract on the growth of are mixed, on
s sy E the concentration of humic acids- and- on the orgenism in -question. B

, Fuchs;nanx(lsss) has stated that humic substances. have inhibitory

¥ effects on the growth of m.icmorgunmmn Similar observations have
been made .by Chang (1885), who obtained an increased y‘leld of C.
utilis when. bitumen, and humic substances ware removed from the.peat _
extract, and by Martin (1983b), who cbtained good growth of mushroom

mycelium after diluting the. peat extract with water. However, Dady

- and Chang (1983) fe;oned that increasing “humic ag&d—concamrpﬂnm“aL‘

up to 0.5% in . the pem/extnct increased the biomass of. C. tropicalis
significantly. McLoughlin and Kuster (1912c),’ who studied the effect of




humic on thé of » rep that

humic uub-tuncgl had novglfect on the microbial metabolism. Dady and

Chang (1983) have reported that some microorganisms can utilize humic

acids as sources of carbon and nitrogen. Some vitamins and hormones
) present in peat extracts are thought to favor growth of microorganisms
. . o .

(Charig, 1985).

1.8. Objectives of this work
The main objectives of this work could be divided into five parts

as follows: i “

1. To extract and study some of the organic compenents present .
in peat and use them fn the pmducﬂon of a valuable source
of protein;

2. 'rg_)“{ the ¢ s and_ kinef in
the merged g-powth of the P. ostrestus myeel.{um in pest‘
extract; R

3. To obta!n scientific information on t'ungal imetabolism. and the
feasibility of peat and peat extract as fementadun media.
using P. ostreatus as a model;

4. To compare the nutritional values of the P. ostreatus my-
celium. and - fruiting bodies pmducsd with peat as the main
fomsn!aﬁon subnmte' and

5. To provide v on. the nutrient
source for the of exotic as a food and
as a flavoring agent, utilizing a Canadian raw material.

1.9." Sclentific information to be obtained from this work
This work will provide scientific' information on:

P 1. Thu unt’ulmu of the peat | trom some peat reserves of New-
' & * an for ood-

as
stuffs; ) e

2. Optimal growth kinetic 1 f growth, and # |
1] ] pellet and : .
) quirement for the growth of the P. reatus mycelium pro- \
L duced . by fomentadon with pent cx&{ substnte. and |
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. 3. The composition, Including protein content and essential amino
5 acid composition, of the P. ostreatus mycelium and fruiting
body produced with peat as. substrate.

5 1.10. Investigation pfogmm
In these studies, 52504 extract from peat was used. The proxi-

mate composition, the amino acid and the of .

. - some macro and micro elements of the raw peat, and of the acid peat

.ei:tract. were de(anﬁned. The composition of the raw peat and the

peat extract provided on the
of the peat extract as a growth medium.
Due to a lack of in the 1 the optimal

growth conditions of the P. ostreatus mycelium cultivated in mh:margvd

cplture, the' studies were designed to optimize growth conditions in e

. tems cf temperature, initial pH, dilution ' ratio (substmte con=

P cemmv.lcn). agitation speed, aeration rate, inaculum size and nutrient

. - supplaments of the culture medium, in shnka flasks, nnd then in’ batch

, l’emenmrs. sama studies were also conducted on the morphology of the

P‘ ostreatus grown in the peat extract and ln synthetic media.
2 The protein, amino acids, fat, carbohydrate, fiber, mineral and
B fatty acid compositions of the biomass were determined to find the

oyerall pattern of nutrients present in the g:" ostreatus biomass pro-

duced by submerged culture using peat extract as substrate. -




1910), and was tnndterrsd avew two months.

CHAPTER 2 g

MATERIALS AND METHODS'

Materials

2.1.1. Sphagnum peat moss

A high-moor Sphagnum peat moss was obtained from Sundew peat
bog, near the city of st. John's, Newfoundland, Canada. Sample‘s were
taken f;'om the ﬁppar {ayer to a depth of 20 em_/‘l'hJ psat‘wal of a
relatively low degrée of ¢ jon and the value, in the

von Post Scale, corresponded to H2, (Martin and Bailey, 1983). The

<

Mcﬁ size ranged from coarse to > 60 mesh.

© 2.1.2. Culture

The culture of P. ostreatus No. 152, was obtained from the Dept.
of Plant Scle‘nca, University of Western Ontario, London, Canada. It
was maintained at 4°C on slopes of peat - extract-YM _agar (Martin,
1983a) for grow!h in a peat extract medium or on slants of polato-

dextme agar for growth in a synthetic medium (Srivastava and Buno.

2.1.3. _Chnlnluln & e
All the chemicals used in this work were of reagent or laboratory
‘grade. '
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. Those listed below were purchased from Fu@r Scientific Company
Ltd; sulfuric acid, hydrochloric acid, boric acid, sodium hydroxide,

m ihy sulfate, dibasic,
d;r-n nitrate, s i
" dibasic, . bes citrate ydr
“sulfate heptahy N sulfate y zinc
u\‘u.t_nta heptahydrate, ferrous sulfate sodium y
y gl - ethyl ether (anhydrous), pyﬂd.ln-.‘

ethanol (95%) m!hyllm blue (water soluble), sodium borohydride, -

acetic acid (zhchl), acetic V' sulfate

(alum), hydrogen pam:dda (30%), and unn

The f were A from Difco L sries, Detroit,

Michigan, U.S.A.: yeast extract, peptone and YM nm
Anthmna and D-xylon were’ purclﬁud from-J. T. Bnk-r Chemical
Co.- Phillipsburg, NJ, U.S.A. - J

Lithium citrate was from Inc.
Nitrogen gas was obul.ntd from Liquid Mr Canada.
The were _ £ from Sigma Ch“.ﬂetl

) -
Company, St. Louis, MO, U.S.A.: mmnm. cyanoccbalamin, pyri-
doxine, riboflavine, bﬁmn, niacin and p-aminobenzoic ‘acid, D(+)

D % and calcium chloride.

Panth ¢ acid was from Eastman Organic Chemicals,

Rochekter 3, NY, U.S.A.

' Folic acld was a -frem“mnnn' e t ries, NY,
U.S.A. ’




2.2. Methods

2.2.1. Preparation of .peat extract
The peat, as (with a content of

80%), was air-dried (to a moisture content of 20%), and the peat extract
';u p}‘plnd according to the method of Martin and Bailey (1985). It
nmhgad mixing peat with 1.5% H,SO, in a ratio of 20 g of dry peat to
100 g of acid solution, and autoclaving it at 15 psi (121 * 1°C) for 2

hours. The extract was by the product

in a Carver Laboratory Press (Mcdel C, F.S. Carver Inc., WI, U.S.A.)
followed by filtration through ‘Whatman no. 1 l'ﬂ(iar paper. .The peat
extract -#as stored in plastic containers at 4°C until required for use.

2.2.2. Preparation of m-ynm.ucm
The blu.l medium wu}_prepn-ed,l according to the method of

' Srivastava and- Bano (1970), by the chemicals in a
i 5

liter ol f'ldnnmd water: KHQPO‘, 1lg; Mgso‘. 'IH20, 0.5 'g; Mnso‘.

HZC_)UJ mg; ZnSO‘, ‘leo. 3 mg; FeSO‘~ 1!{20, 3 mg; N32M004, 3 mg.

To the solution was added a mixture of vitamins containing thiamine,

niacin, acid, p: ic acid, each at the

n(-vﬂl 100 g/L, and "cy biotin, i and folic
acid, each at'the rate of 50 g/L. -

2.2.3. ¢ of growth co in shake flasks~

” Thngmm.h and biomass production of the P. ostreatus mycelium in
the peat -extract and in the syntﬁat!c ‘medium was. studied ‘in ‘shake
flasks. The pH of the growth medium was adjusted to the required
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o 'l
values by the addition of either lactic acid (to the symthetic medium) or
10 M NaOH (to the peat extract medium) before~sterilization at 121 #*

1°C for 30 minutes.

2.2.3.1. Inoculum preparation
The inocula for the shake flask .experiments were prepared from
fresh culture slants (M_u-dn. 1983a): peat extract-YM agar slants for
the pest extract mediul; potato-dextrose agar slints.for the synthetic
medium. The entire growth of one slope was transferred. aseptically to
a sterile Waring blender jar containing 50 ml, sterile water and blended
for 30 seconds. The suspension was used _to _inoculnte 50 mL sterile
growth media in' 250 mL’ shake flasks, which were tnocubated” in -a
. Gyrotory water bath Eh&ker (model G:76, New Bﬁnuvdck sufuntjﬁe Co.
Inc., Edison; NJ, U.S.A.). - 7 '

2.2.3.2. Preliminiary studies

; were to the appro-

priate péal extract. mncentmﬁo_\ns for the media, and ;he best inoculum
" ratio. ‘Peat extract/water dilution ratios of 1:0, '1:0.5, 1:1, 1:2 and
139, pius 5 g/L'yeast extract, and inooulum ratios of 2.5, 5.0, 7.5 and
1_0.0% (v/v), were uled_ at 28°C with an agitation _‘pud of 150 rpm, and
192 hours of fermentation time. The yeast extract was used to supple- .

ment ‘the nitrogen content of the peat extract.

2.2.3.3. Studies on growth conditions
SRR i
Using peat extract diluted to a 1:1 ratio with wate

an_{noculum

-,

ratio of 5.0% (v/v) (which were the best conditions obtained from ;the
e B . . # \

v S ~ b
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.preliminary studies) and 5 g/L yeast extract; the effécts of temperature

(19, 22,25, 28 and 31°C), initial PH (4, 5, 6 and 7), agitation speed
(100, 150 and 200 rpm) and fermentation time (48, 96, 144, 192, 240

and 288 hours) were inv: in 60
2.2.4. of the of P. ostreatus *
grown in lh&ﬂuks 7
4 The effect of different sources of carbon and nitrogen, and differ-
ent of ph » {ium and

on the growth of the P. ostreatus mycelium in the synthetic medium and
in the penl extract medium were studiéd.. The following optlmal growth
were er : ature of 24°C, en initial pH of 5, an

iploy

mnculum mﬂn nf 5.0% (v/v), nn agitation speed nf 150 rpm and a )
. far)n-ntuﬂon time ol‘ 192 hours, {

224010 Addiunn of different sources of carbon and nitrogen

The effact ol_ different ‘carbon so\mces (glucose, galactose,

mannose, arabinose and xylose) on the growth a‘nd the biomass produc-

2 tion of B. ostreatus in a synthetic medium was studied to determine

which of 'the above major monosaccharides in ghe ‘peat extract were best
utilized by the fungus. " The mouﬂt of sugar-added was calculated so
that it provided approximately 6.0 g/L of carbon in.the medium. .The .
results .of this :_mdy were: verified by determining ‘the éuncentmﬁons of

" ‘these sug‘-u in the peat ex:mcv.' medium before and after t‘armantation

The ettect of d.ﬂiannt spurces of nltrogen (mmonium citrate,

-sulfate, nitrate,
nitrate gng urea) was also studied to del}ml.ne the pcusibimy of su;i-

‘



plementing "',"‘ low nitrogen content in the peat extract with nitrogen

t_‘rom other sources, since yeast extract is an expensive source’ of

The E sources of n were “to provide

0.5 g/L of nitrogen to the synthetic medium. The effect of different
concentrations of ammonium citrate (which was found to be the best
nm'ogen source in .the synthetic. medium) on the growth of the P.

ostreatus mycelium,  was also studisd‘

2.2.4.2. Addition of plmnpm and potassium

Experiments were conducted to study the effacts of phosphorus

and potassium on the growth and the-biomass production P. ostreatus'

in the syntheﬁe medium. Both and were "l

in the form of KHZPO4. The other nutﬂem.s in- the md.ium were kupt

at uniform in nl.l tha

Phosphor'us’ was tested at four d!ffarént concentrations (0, 0.11,
2 3 : .

0.22 and 0.33 g/L). A complete absence of phosphorus (0 g/L) was

achieved by not adding any l‘(l-lzi)()4 to the mpdlum._bht substituting for
it sufficient potassium citrate to maintain ths level of potassium. The
second treatment (0,11 -g/L) was also supﬁblsmanted_ with sufficient
potassium citrate to maintain the level of bafa;mium. A higher concen- N
tration' of phosphorus (0.33 g/L) 'was added by supplementing "the
medium with (NH,);HPO, /

Potassium was tested’ at four different concentnuom (0, 0.14, .’

0.28, and 0.42 g/L).- A complete absmee of po!aulum (0 g/L) wu
- achieved b]f wjthholding KH2P04 and for it
(NH,),HPO, to maintain the level of phosphorus. The second treatment £




L& '
(0.14 g/L) was also supplemented with sufficient (NH4)2HP04 to main-~
tain the level of phosphorus. ° A higher concentration (0.42 g/L) of

was by the medium with potassium ~

citrate, J

§. Nutrient supplementation of the peat extract

The peat extract was tested -without additional nutrients (non-
supplemented), and with the addition of different concentrations of

.carbon, E s fupm, and

dlone, and in combinations. . The growth conditions were the same as

those in section ‘2.2:4.
< . 5l

2.2.5.1.  Supplementation Gf the peat extract with carbon and. nitrogem

Glucola. wl{!ch was one of the beat carbon -sources for jrovdh of
the P. mtrsatu! myceuum in’ the nym.bauu madium, was added to peat
extract duuted to a 1:1 ratio with water at six different concentmdons E
,(0, 10, -15, 20, 25 and 30 g/L). The experiment was conducted to
‘d.e!ex‘ml.ne whether the dﬂuted pent extract was deficient in carbon.

.The effect of di.fferant sources of nitrogen on growth was also
studied. The org_anlc sources were yeast extract, peptone, and -urea,
and the inobglﬂc pitrqgen sources were ammonia solution, ammonium

dibasic; ami citrate 5 0 nitrate and potassium

nitrate. The of the f sources of gen were
calculated to pmviﬁa 0.5 g)L of nﬂtmgsﬁ. to’ the pe;‘t ext‘x-act medium.

The ummnnln solution was uaed to provide nitrogen and' also to adjust
'thl PH of the peat ax!met medhm Different concentndona of. yeas(.

extract (1 0, 3.0, 5.0, 7.5 and 10 0 g/L) and (NH4)2HP04 (0, 2.5,'5.0°




and 7.5 g/L) (which were the best nitrogen sources) were added to -the
peat extract medium to study their effects on growth and on crude

protein production. : »
b4 .,

2.2.5.2. Supplementation of the peat extract with phoesphorus and

‘potasstum

1
Potassium phosphate monol?qsic (KﬂzPod) was used as a source of

both and Different of KH,PO,

(0, 1.3, 2.8, 3.9, 5.2, 6.5 and 18 g/L) were added to the peat
extract medlum, and their effect on growth and on crude pmteln pro=

duction of the P. ostreatus mycelium was studied.

2.2.5.3. Mdiﬂnnnfyultmmdmzl’o‘mth-p-tmu
L
-Different concentrations of yeast.extract (0, 1,0, 3.0 and 5.0 gIL)
were with of KHyPO, (0,1.3, 2. 8 and

3.9 -g/L) ‘snd used to supplemant the peat extract. The experiment was
condueted to study the combined effect of the two gources of nutrients
on the growth of the P. ostreatus mycelium in the peat extract. This

was .because when the two sources of were added

“to the peat extract, they produced a very good growth.

2.2.5.4. Supplementation of the peat extrabt wlﬁ magnesiufd and
manganese
The peat extract was supplemented with mag'neuium (0.08 g/L) and
manganese (0.02 glL) and in
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sulfate heptahydrate was used to supply magnesium, and manganese
.

sulfate -monohydrate was used as the source of manganese.

2.2.6. Batch fermentation

-Batch n were cong d to optimize the

mechanical agitation -speed and aeration rate, and also to study the
N “

kinetics of the growth of the P. ostreatus mycelium in the fermenter.

The -experiments were conducted in a 2-Liter Bioflo fermenter (model

F-2000, New W Co.), under total control of

PH, ;mdon, ¢ 1t and Thé was_ é
with ‘a_ turbine-type impeller (with four blades that mixed the med.hxu\:.

and a built-in “pump that filtered air to the culture

through a hollow dglmtor shAtt (Appendix Al.). . The pH ofgthe growth .

mad.lum was-kept donstnnt by using an automatic pH controller (model *

& pH-do) end a pump module (New Brunswick Sciemj!ic Co.). The

oxygen at ‘various dmes of femantgﬁon were _
meuursd‘ using a D'0. Analyzer (model DO-40, New Brunswick Scien- .
tiffe Co.) (Appendix A2.).

The fermenter system was operated under sterile conditions, at. a
controlled temperature of 28 : 1°C and at-a cqntmuéd pH of 5.0 + 0.1.
The PH was sutomaticslly adjusted by the addition of 0.5 M NAOH or "
1.0 M H2S04 solution. Micmscopic observations of culture samples,
loze'.h-r vm.h streak plate technique, were used to check ‘the sterile
conditions during the experiments. - -




44

2.2.6.1. lnwllul

The inocula for the batch te'mnnuuon experiments were propa-
gated in 250 mL shake flasks with 50 mL of growth medium. The
growth medium consisted of peat extract diluted to a 1:1 ratio with
water, 3 g/L yeast extract, 2.6 g/L KH,PO, and 0.1 g/L MnS’O‘Hﬁo.
The propagation conditions were as follows: incubation temperature of
28.0 + 1.0°C, en initial PH of 5.0 % 0.1, 8 inoculum fatio of 5.0%
(viv) and an agitation speed of 150 rpm. A‘htmnnﬁunn time of 188
hours “was used in order to obtain mycelium which were in the acceler-
ated phase of gmw!h. . . o

The . growth Tof 1 shake huk was blended in a 'm:u- -w:rlng
blenda_r (o_r 30 lleeohdx and used to inoculate 1 Liter of sterile mv;u\

media at a ratio of 5.Q% (v/v).

2.2.6.2. Growth media

The growth media for the batch
of peat extract diluted to a 1:1 ratio with water, yeast extract (3 g/L),
KH,PO, (2.6 g/L) and MnSO,H,0 (0.1 g/L). This was the best com-
bination of e as - dete by the shake flask

experiments. ‘The media were sterilized at 121 1°C for 30 minutes.

2.2.6.3. Op of speed and agration rate

» T;xi-ae levels of mechanical ngiuuqi'l speed (150, 200 and 250 rpm)
and  three levels of aeration rates (0.5, 1.0 and 1.5 vvm) were ' tet ed
by growing the culture in the fermenter for.lsz hours. All the batch

were' under the same

operational conditions.
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2.2.6.4. . Determination of the growth kinetic parsmeters .
. The optiinal conditions of temperature (28°C), initial pH (5.0),
inoculum ratio [5.0% (v/v)], mechanical agitation speed (200 rpm) and

aeration rate (1.0 vvm) were employed to study the kinetics: of the

growth of the P. os!mms . The was
followed over a period of 192 hours for three sepmte fermentations by
detsrminlng the growth in terms of the biomass concentration, the TCH

and the oxygen every 24 hours

for each fermentation. -

2.2.7. Solid culture cultivation
The mathoq.of Manu-Tawiah and Marﬁn (1986) was employed -tg
produce fruiting “bodfes. The chemical of - the

by culture was then compared with that

of the fruiting bodies.
2.3. Analytical methods

" 2.3.1. Determination of the pH of tha raw peat
The pH o-f the raw iaaut was detarﬁned according to the method of
the A.0.A.C. (2.1;13. 1980).. - The method involved weighing about 3.0
g air-dried peat into a 100 mL beaker and udd!ng 50 mL of H,O. 'The
put was allowed to soak for 30 minutes with ocmsional {ﬁrring and the’
PH was Nnd with a pH meter (model 5652-00, Cola-Parmer Instrument
Co.)._
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2.3.2. Determination of total solids

The total solids content of the.peut extract was determined accord-
ing to the method outlined by Reusser et al. (1958a). The pH of the
sample was adjusted to 7.0 with 10 M NaO.H solution. The sample was
transferred to a previously dried and waighed\ glass dish ;nd then

evgpnmted to dryness in a vacuum oven at 70°C to constant weight.

2.3.3. Determination of dissolved solids .

About 50 mL of peat extract was fmered‘ through .a previously
dried and weighed Whatn;an- no. 541 t‘i.\v paper using a éuchr‘er‘
funnel. The filtér paper was dried in a‘vacuum over at 70°C to a i
gonstant ;veight. " The dissolved solids content o( {he peat extract was
calculated as the difference between the @otal solids can(ant. and the
total weight of the dry residue on the filter paper per unit vblum_a of:

the peat extract.

2.3.4. of total cing sugars

The sample was purified accordiné to the method described by

Morita and v (1980). It neutralizing 50 mL of the |
peat extract with a saturated solution of aqueous barium h}‘*droxidm
The mixture was centrifuged at 2000 x g for 30 ‘minutes and the super=-
natant was concentrated to 15 mL. The neutralized hydrolysate was
purified through ion-exchanged chromatography using 3 column; (Rexym
101 cation exchanger, Rexyn 201 anion exchanger, and Rexyn 101

cation exchanger, respectively) and deionized water for elusion. .The

effluent from the columns was. made up to 1000 mL with defonized water." . *~




The total reducing sugars content of the solution was estimated
uslng the Nelsors and Somogyl colorimetﬂc method (Hodge and Hofreiter,
1862). The method involved the addition pf an equal volume of low-
alkalinity copper reggem» to 1 mL of peat solution containing not wore
than 0.6 mg of D-glucose or its equivalent, and to 1 mL o’&\euch stand-
ard sugar solu!.lo.n (0‘, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and
1.0 mg/mL of D-glucose). The. sample and standard sugar solutions
were heated for 10 minutes in a vigorously boiling water bath and then
cooled. Two mL of arsenomolybdate reagent was added and mixed
thoroughly to allow dissolution of all _lher cuprous oxide. The solution
was diluted to 25°mL with deionized water and allowed to stand for '
about.20 nfinutes. The absorbarices were. read at 500 nn in a Beckman

UV/Vis Spectrophotometer (model Du-8).  The sugar content was com-

puted from a curve ab with the sugar

2.3.5. Monosaccharide analysis

'P_xe concentrations * ‘of _glucose. * galactose, rhémnose, mannose, -
arabinose and xylose in the peat extract medium before end: after fer-'
mentation were determined using a  wmodified form of ’lhe‘memud de-
scribed by Morita and Montgomex-y (1980).  The, peat extract was puri-
fied .as under section 2. 3 4. The effluent from lhe columns was -sub-

sequently\ concentrated to 15 mL And evéporated to dx-yness, followed by »

of the h to aldi(ols by treating,. for 1 hour at
room lempsra(ure, with 2 - 3 8rops nf 0.2 M \JBBH . Excess NaBPI.l 52
was destmyed by the addidan of 2- 4 dmps of acetic acid, and the

solution was evaporated to dryness. The vesidues were taken up in lJ.:li
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mL of water and lyophilizei. The sample was kept in a desiccator

overnight and acetylated for~15 minutes at 100°C with SO uL of pyridine

and 50 WL of acetic anhydride. A 4.uL aliquot was injected for gas
% chromatography. d

Gas o(. the sugars was run on @ Perkin
Elmer gas chromatograph (l?pdel 8310) fitted with dual glass columns (2
mm i.d. x 180 cm) packed with 3% Silar 10CP on 100-200 mesh Chromo-
sorb WHP. Dual flame -ionization detectors were used. The operating
cendiions were: a column temperature of 200°C, and a carrier gas

(Ny) flow rate of 56 mL/minute. ~

2.3.6. Determination of the biomass
For the determination ©f the dry biomass weight, the total biomass
in the cuiture medium after fermentation was filtered through ovendried
(at 105°C to constant weight). Whatman no. 1 filter papei'. The filter
p paper wi;.h the mycelium was washed twice with dhdjled water to remove
the fermentation broth and oven dried at 60 .- 65°C fo a constant
weight. The initial’inoculum dry weight was subtracted from the total
biomass dr-y. weight to o‘hmﬂn the dry weight of the mycelluni produced .
The bimsl yield was calculated as grams of the mycelium dry weight
*produced. per gram of the total carbohydrate consumed, and the effi-
clency was caloulated as grums of the mycelium dry weight produced _
per gram of the total carbohydrate supplied.

2.3.7. Determination of the total C (TCH)

The TCH concentration of the growth n_nadlunf before and after

_were _by the reagent method (Morris,
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1948; Neish, 1952). The samples were diluted to t{u appropriate range
(ca. 20 - 200 mgIL-.of equivalent glucose) and they were read after .10
minutes against distilled water at 540 nm, using a Beckman UV/VS
Spectrophotometer (mdgL DU-8). “The results were expressed as equiv-
alent glucose concentrations. The TCH concentrations in the dry
mycelium and in the :l.ry fruting bodles were determined based on the
same reagent procedure. .Abwt 0.25 g of ground nlnple was extracted
with ether for two hours (i.e., until essentially fat-free). The ex-

tracted sample was ‘to an : dish and dried at

60°C to constant weight. The sample was heated for three hours with
100 mL of water and 10 mL of concentrated hydrochloric .acid 51 a
250+mL flask provided with a reflux condenser. The sample was cooled
and_ filtered through Whatman no. 1 filter p'aéeu. Ten mL y‘[ this
solution was pipetted to'a volumetric flask to make 100 mL of solution.
Two mL of. this solution nnd\tha standard glucose solutions = were
pre;ted separately into tc‘st tubes _md allowed to react with 4 mL of
anthrone-sulfuric- acid reagént. Mixing was done thoroughly with the
aid of a Fisher Scientific Vortex Genie. N

2.3.8. Detarmination of moisture - L4
The moisture contents .of the raw peat, the fresh myéeuum and
fresh fruiting bodies were determined according to the method of the

W

A.0.A.C. (7.003; 1980). It involved drying a qéantity of sample

containing approximately 1 g of -dry matter 1§ constant weight at 85 - '

100°C under vacuum. "’
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22309, Determination of the total Mﬁw;an and the crude protein
The total nitrogen contents of the.raw peat, the peat e);trnét, the
mycelium and fruiting bodies of P. ostreatus were determined by a

. modified micro-Kjeldahl method (A.O.A.C. 47.021; 1980),. The mn‘lhod
involved placing 1 g of the ground dried sample in a Kjeldah! flask and
adding 2 special Kjeitabs ;S.a,i), 20 mL of concentrated sulfuric acid
and 10 mL of 30% hydrogen peroxide into the flask. The sample was
digested, using the Kjeltec Digestion System 6 (1007 digester, Tector
Inc., Boulder, CO; U.S.A.), for 3 hours until the .solution had become
colorless or clear. The digestion was continued for another 30 minutes,
and the solution was allowed to cool. Abuu& 40 mL of water was added,

carefully and a little at'a time, to the flask. The flask was cooled

under running water and was to an’ i
Unit (Kjeltec system 1002). About 50 mL of 40% ‘NIOH'. solution ‘w:n
carefully added to the flask without \sgltatlcm, and the sch;ﬂon' was )
. distilled for 30 - 40 minutes into a \regelving flask containing 50 mb of
4% borlc acid. A few drops of a methyl red indicator was. added to the
distillate and the latter was titrated with a standard 0.1 M hydrochlorie
acid solution. « .
A blank determination was carried out exactly as above, but
without any of " the samgl'ei. -
’ The crude pmteh’!rcan(ent in the sample v\(és caleulated from the k

. percent nitrogen content using the conversion -!{actox- (N x 8.29).

s




2.3.10, Determination of fiber .

"l‘hl crude fiber oontaﬁu_ of the dry myceuum:a.nd the dry fruiting
bodies were detsrmlnad_n;ccording to the mgthod of the A.0.A.C.
(7.061; 1980). Ome gram of dried sample was extracted with ether for
2 hours (untll fat-free), Pnd then transferred to a 250 mL beaker.
Abq_yt 1 g of asbestos and 100 mL of boiling 1.25% l-IiSO'1 were added to
the besker and the mixture was digested for exactly 30 minutes on a
thdjmted hotplate. The beaker was rotated periodically during
digestion to keep solids from adhering to the sides. About 0.5 g of
alum (K,SO, AL,(S0,); 24H,0) was added and the solution was then
heated to boillng again. The alum was added to assist _fmz-atlon. The
beaker was removed fi'elq the heater and the contents filtered through a )
Buchner funnel uslng‘w‘hnt.mm no. 541 filter paper. The beaker was
then: rinsed. with 20 - 30 mL of boiling water and the water was used to v
wuh‘ the .'sa‘mpld throl‘xgh tl;e funnel witheut - breaking the suction or
" raising the filter.  The washing was repested .with three 25 mL portions,

of water and avucﬁoﬁad dry. ‘The mat formed from the asbestos, and
the residue were removed and transferred to the original beaker.
* About 100 mL of boiling .1725% NaOH so,l\g?.(on ‘were added and the mix-
ture was boiled for exactly 30 minutes. The béaker was removed from
the i‘\uter and the'contents transferred ss above. The residue was
washed with 25 mL of boiling 1.25% H,SO,, three 25 mi portions o
#ater and 25 ul of 9% ethanol. ‘The mat and residue ‘were carefull
transferred to & porceliin crucible which had been ignited at 600°C fof ..’

2 hours, The mat ‘and the nsidqu were qﬂed for 2 hours at 1so'°c;

cooled in a desiccator and - weighed. They were then ignited for 30




minutes at 600°C, cooled in & desiccator and’ rewsighed.. A blank
determination was carried out by tmuag the same quantity of asbestos
with the acid and the base, as was done in the determination of fiber.

2.3.11. Determination of total lipids s

' The total lipids contents of the raw peat, thn peat extract, the
mycelium and fruiting bodies were determined using a modified form of
the procedure used by Folch et al. {1951). The method . involved
homogenizing 1 g ‘of the powdered sample with 19 mL of chloro-
form:methanol (2:1 v/v) mixtum. using a polytron at setting 20 for 2
ninutes. The homogenate was “allowed to equilfbrate and the final
volume edjusted to' 20 mL with the chloroform/methanol mixture.  The
~homogenage was filtered thr‘ough glass wool into a 50 mL glass-stoppered
graduated cylinder and the glass wool washed with 7.5 initial volumes of
the chloroform/methanol mixture. The crude extract was mixed thor=
‘;ugh!y with 0‘.1 volmﬁs of . 0.3% NaCl solution. " The mlxkﬁn was
shaken vigorously and the phases allowed to separate upon standing.

Tim volume of the 5 layer was and the layer
was removed by siphoning. The inside of the cylinder was washed with
methanol and the final vo{ume was made up to 20 mL by the addition v_)f
the chloroform/methanol mixture. The mixture w_u‘ allowed to separate
into two phases by standing apd th_e upper layer removed as bntore..
The ct_:icz-olom (lqw;ar);(layer, which contained the lipids, was (rans- '
ferrep!.to‘ a ﬂmk and eyapoh(sd _ta' dry’ntn‘ in a ‘vacuum at 50°C to,
‘x:;.move» the solvent. - The lipid residue was redhlolved'in chloroform
and - the non-soluble pomqn - was separated by filtration. 'l'ha




filtrate was finally evaporated to dryness in a Vacuum at 50°C and the

flask was weighed for total lipids.

. :

- 2.3.1%,, Determination of ash L

The ash contents of th‘e raw peat, the peat ex@tﬁct, the mycelium
and fruiting bodies- were determined according to the method of the
A.0.A.C. (14‘1.008; 1980). The -method- involved weighing 2 - 3 g of
dried sample (nw. a previously ignited, cooled and v}eighed porcelain

crucible. The sample was ignited in & muffle furnace at about 350°C

for 16 hours_ (until only grey ash remained). The crucible and the
contents were allowed to cool in a desiccator to room temperature. \The \
ash was rolistened with distilled water to dissolve the soluble salts, .
drled slowly on a -hotplate, ‘and . ignited again at 550°C to consmﬂt

weight.

2.3.13. Determination of P, Fe, Ca, Mg, Mn, Na, K, Zn, Co,- Ni and

The of these minerals in the raw peat, peat extract,

; i the inycelium and the fruiting bodies of P. ostreatus were determined

" according to the ‘method of the Water 'Qua.uly Branch, -Environmental

Canada (Anon., 1974)., The method involved destrcy‘ir‘\g the organic

matter of the sgmple by placing about 1 g of the dried semple in a

porcelain crucible and igniting ‘it for 6 hours in"a muffle furnace at\

500°C, and then allowing it to cool. The ash was wetted with about 10,
' S 4 :
drops of water, und_shout 3.~ 4 mL.ofv nitrie- acid ' were, added. 'The

crucible’ was returned to the furnace and the sample was lgrdéed again.
for another 4~ 5 hours .at 500°C. The crucible was cooled Qnd the



residue wis then taken up in 100 mL of 0.2% nitrlc acid for flame atomic
. absorptiory analysis with a Varian AA -5 atomic absorption spectro-.

photometer to measure the cations listed above.

2.3.14. Determination of amino aclds

The dried samples were hydrolyzed with 6 N HCl under vacuum
for 24 hours at 110°C. The sample was reconstituted with 0.6.M lithiun
citrate buffer and analyzed with a Beckman 121 MB amln.t: acld analyzer
using a sinlgle column method. The concentrations of tryptophane and
‘cystine were determined according to the ‘methods of Penke et al.

(1974), and Blackburn {1968), respectively.

/2.3.15. Determination of fatty acids

The fodified form of the procedure by Folch et al. (1857) as de-
scribed in section 2.3.11, was used to_extract and. purify the total’
Hpida from the ssmplg. Tﬁe extract “was stored. at v-iSOC in chloroform
to which 0.5% hyquuinone‘ bad lbeen added. The t‘uny_ acids compﬁsi-
tion was determined using a modified. form of the pracédul;e by Thomp-
son (1969): It involved taking about 0.5 - 2.0 mL aliquots of ;ne lipid
extract and evaporating thém«to ;ix-ynaus under a stream of nitrogen
gas. The residues were u-ansmethylated by adding 2 mL of 6% H, S0, "
‘in 99.9 mol% methnnol And a Uttle hydroquinone, and placing ihe Inix-
ture in an oven at 55 - 60°C overnight.. After that, 1. mL delon?ud
water was added angl the ‘samyla was extracted 3 times ‘wlth }.0 mL
portions  of hig}‘\-quality‘ hexane. . The 'hexane extract was washed 2
times with 1‘75 mL popm;na. of delonizsd wﬁter ‘and "the hexane was z_hen

evaporated.. The lipid was dissolved in about 15 5 40 L CS, and ‘about




4 uL was ahalyzed with'a Perkin Elmer gas 'chromatograph (model 831%) *

with a flame lonization. detector and a Perkin Elmer graphic printer
(model GP-IOI;). ‘The column was packed w’ith SP 2330 (Supelco)‘and
operated fsothermally at 170°C and with a sensitivity of 3 x 10710
amp/mv. " ’

Fatty acid esters were Identified quauu-nivel} by comparing their -
Y v

retention times to those of standard fatty acid esters. .

2.4. Statistical analysis

All the data for the shake flask experiments represent mean values
of three flasks: All the data for the batch cultivation expériments in
the fermenter’ represent mean values of three fermentations. The data

for " pifoldmate pnalysés of samples represent mean values of at least

three of three cate samples.
Camﬁar‘aon between ieans. was made using the T and F statistics

(Bender gt al., 1982). ) " ’

Percentage values ' were subjected to nng\llar. tiénsformay.ions' to

find the mean values '+ deviations ( and Cochran;

1980). g ¥ .

between were

analyses. b e




CHAPTER 3

RESULTS AND DISCUSSION

-

>

3.1.. Chemical composition of the Sphagnum eat moss and the acid
(H;SO;) peat extract ' e ”'7 o aL
The chemical gomponh.lons of the raw peat and the peat extract )
were studied from the point of view of the ingredlent requirements for
the fermentation medium (carbon source, nitrogen, phosphate and
oligo-elements). The results of the chemical analyses oé n'm raw peat -

and the peat extract are supmarized in Tables 3.1, 3.?, 3.3 and 3.4.

3.1.1. Compoulﬂol‘x of tHe raw peat
3.!.;.1. Proximate composition

Table 3.1 shows the proximate composition of the raw peat. It was
_acidic. Its pH was within the range for the maritine bog peats (pH 4.2 _

- 4.8) reported by Smith et al. (1358), and the range (pH 3 - 5) for

Sgha@l.i‘m peat reported by Fuchsman’ (1980). lever, the raw peat
was less acidic tt ewfoundla'nd samples analyzed by Pollett

- P o g
(1972). The lower acidity of tﬁ'e_‘mw peat used in this work (when
compared to the average -values for peat bogs in New{oun&land) could

be attributed 'to the higher precipitation and gregllr.salt concentrations

experienced by coastal bogs (Pollett and Wells, 1877). The Initial

mofsture content &f the raw peat was less than 90%, which is the




Table 3.1. Chemical composition of the raw peat and the pe;n extract

Raw péat Peat

(% of dyy extragt

. waight) (g/L)
pu? 4.85 + 0.11 0.99 + 0.15
Moisture® ) 80.50 + 1.30 na®
Total solids? 19.50 + 0.50 62.26 + 1.59
Dissolved solids nd® 49.41 + 0.77
TCH - ) Tad® R R IR -
. Total reducing sugars .- nd® 16.47 + 0.51
Total fat ) : *2.52 + 0.17 . 0.99 + 0,03 .°
Total nitrogen . 0.80 + 0.08 : 0.60 + 0.01 ~
Ash : ©. 2.60 +.0.58 4.51 + 0.01

LThese are the mean values of three detemineﬁons of three
samples

2No units.

3% of wet weight.

‘Dntermmnd by dﬂfsrencs

Snd = not determlnad




- Amino acid composition of the raw peat-and the peat extract

Table 3.2.

1.

‘Peat extract

(mg/L)

1

Raw peat
(mg/g of dry weight)

Amino acid

2823438583853 4: 872
c8c8dcdS8c868600 SO
B e N
DNETnEovYANNOTONOD®
conaTanonaIRaneo A

NPT NNOO OO N NS S

.
NNEADNEE AT IO oW
H858555888% 3888 83

00 cc00c08 6666 SO
F1H1HIFIF 1+
EEEEEEEEELEFE P 3-EH

alues of three determinations of three

141418 11414141 4141 ]

!These are the mead
samples +
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Table 3.3. Mineral composition of the raw peat and the peat extract

Peat extract
d (mg/

: : Raw peat 1
Lo Mineral (mg/g of dry weight)

L
P (2,05) 0.40 £ 0.05 50.00 +3.88
Fe 0.20 + 0.03 140.00 + 1.50
ca _ o.aso0.03, 165.00 + 1.10
Mg 0.72 £°0.04 21.00 + 2.10
Na 0.14 £ 0.01 190.00 # 6.84
K 0.30 + 0.01 39.00 & 0.97
Zn ‘ 0.01 + 0.00 ‘7.20 t0.20
Mn 0.01-+ 0.00 6.20 + 0.10
Co . 0.01 + 0.00 0.05 £ 0.00
'Cu" ' 0.01 + 0.00 0.16 + 0,02
N - 0.02 + 0.00 0.10 £ 0.00

ITHese are the

.mean values for two determinations of three

P samples "+




Table 3.4. Msajor monosaccharide composition of the acid peat extract

mnmhﬂ&n . % of total reducing suml
Glucose n 38.20 £ 1.31
Galactose 19.07 £ 1.67 -
Rhamnose ’ 6.96 + 1.62
. “Marinoss 16.46 + 1.83
Arabinose 2.48 + 1.11
) Xylose 12.03 # 1.15 :

IThese are the mean values of three determinations. of three

samples. + . S

’ e -

v S
S pe %
¢ “ s .
s
2 . . \
£ :
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average moisture content of. Sphagnum peat moss under natural con-

ditions (' jarvi and 1 » 1977; F 1980). However,

the* mofs cantam\ & | very well with that obtained by

v
Martin and Balley (1983), who analyzed samples from: the samé bog.

Tha mohnure content of .the peat from the Sundew bog was.not constant

. und the pent tended to lose moisture during stomge The totdl nitro-

gen’ cnntent of ‘the raw peat was within the mnge reported for New-

foundland peat (Pollett, 1912) The nltrog'én content of peat increase

with dacomposklon (Puuatjn-vi and Robertson, 1577). and the depth |

ﬁ-om which !ha peat samples are - cak\n (B!ack et cal., 1955) The raw

pant sample used in this work was sughtly decomposed Sphaj mum peat

snc{, 1 ‘had a low content. ,» the

content of slightly déqomposed Sghagguin high-moor péat is in the range

‘of 0.5 = 1.0% (Fuchsman, 1980).

-. The totel uplds content of the raw peat con-esponds very well ‘with

8

pept.’- Fuchsman (1980) reported that the content of ether-soluble

! cdinpuqantg in peat mops_ ranges between 2 - 6% on a dry weight basis.

Lipids in- peat nra'-comi)osed of triglycerides of  fatty acids, waxes,

sleroldu, lal'penal. fnt-solubls vitamins and. some pig-mems. ‘These

substances. and any others extractable with non-agueous org'anic sol-

vsntn. ure called bltumans (Fuchsman, ISBO) Hlack et al. (1855) ob-

tnnad crude fat contents between 3. 9 t0"5.2% for chleh Sghngl_lum

pea!. and rshorled ‘that @ uda fat contents lncreased with, depth‘ Peat -

conalutu rhlaﬂy af org-a c manar with a small parcentage of ash. The '
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/ .
the value obmlned. by Quierzy et al.” (1979) for Sphagnum peat.moss
from ‘Quebec, but was within the range of 1.5 - 3.08 reported

Fuchsman (1980).

3.1.1.2.. Amino acid composition
The raw peat had a low concentration of’amino-acids (’l‘nblc 3.2,

page 58), which “its low of 3 r)bout 40%

“of the total nmvgnn in peat -is present as:amino ldd'N, whlch is

;}tserved as . amlno-:ugnr-N (Puustjarvi  and Robertson, 1977). Th

a hemical

‘action is L to" convert the m'iunl

nitrogen lni& a soluble form. The pp'ennca of glucosamine in the peat|

was detected.

3.1.1.3. Mineral composition

The results of the a‘nalysis of the mineral composition of the rvaw
peat are shown in Table 3.3 (page 58).‘ The re(uulu indicate that the
raw peat had low concentrations of P, Fe, Mg, K, Zn and Mn, which
are nutrients for both plants and microorganisms. Apart from the
phosphate, the contents of the other ‘mineral nutrients in the vaw peat
weré below the nng'a 'mi)or(ed by Pn’lletl ‘and Wells (1977), and also
Jower than the valuea ohtnlned by Q\lhrzy et nl (1919).. The rnult-
show that the concentration af Ca was lowar than Mg In “‘e raw pul
However. Pollett and Wells (1977) and Qularzy et al. (1979) ohuln«d a
hlghar concentration of Ca th-n Mg in‘their phamum peat wnpln.

- ) S .

\
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3.1.2.  Compoaition of the peat’extract

3.1.2.1. Proximats composition i %

The pm:dmnle composition of the peut extract is shown in Table

Ms 51 (}mge 57). The concentration of the total solids in the peat extract
' s Was low m-pmd to t.hut reported by LaDuy (1981). It was observed

that 80% of ths total solids in the peat extract were present as{:%is-
solved sol@ds.‘ Thh'_wan higher thaff the .value z—epamec! by LeDuy
(1981), which was ‘about 70% of the total solids. The difference in the
concentration of total souds and \dissolved solids hetwaen.tne wo.

' samples of H, SO4 peat ax!mct can be auﬂbuted to ‘the type of raw peat

\ised, their degree of osition, and.-the temperature and retention
time durlng hydrolysis. The method of separating the extract from the '
residue can also_affect ti:e total solid concentration in the peat extract.
The| peat extract contained about 3% (w/v) carbohydrate and this corre- -
sponds. reasonably well with that reported by Martin (1986), and LeDuy
and hro.chc (1983), using the same -cnn‘diuo‘ns for thei é)‘ctmdon. The

TCH concentration in the peat extract sample was about 86% of the

‘dissqlved solids This was within the range of

86 - 724 reported by Fuchsman (1980). The total
R ) .
accounted for about 50%.of the TCH in the peat ext

o & Acid peat extracts normally have low total Llkid concantmuons

' N baeauu fatty subctmces do no( dissolve euﬂy aqueous solutions. ’
- Th- mncantnﬂon of" toml lipids ;in thq eat extract sample compam!
flvonbly with that reported by ?uchnmn 1580)J The total nnmgan

congentration in the peat extract.spmple was\high compand w:lthv that

reported - by tin (iaaa) nnd’ ame as that reported by




: sdluﬁon only under more severe condmons. The abunc- of - !rypto

‘extract were M

2
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LeDuy (1981), and - McLoughlin ‘n}d Kustax- (1972a). It has Enn re- ’
ported L\'mt the total nmvg\m concentration in acid extracts pnplnd >4
from § pha; ggum peul ranges from a little below 1.0 td 1 6 g/L (F\mh!-

man, 1980)\ .

3.1.2.2. Amino acid composition : -

.Amino acids in peat mm-untu consmu;p a minur nhtcg!n source for
fermentation. Table 3 2 (page 58) uhews the umino ncld compolmnn “of

the p.efn ex&ugt snmpleu‘ The amino’ acids. present were 1n low cancan—-

trations when with those rep by Fuch: " (i980). The ¢
tesults~i;1d1m€ed that cysteic acid, uxputic acid, glyeine, glumnie
acid, threonine and alanine _were the mnjor amino acids’ ln mn pen! %
e:.ctmct. . The high ccncenvtm‘uonr of cystaig ncid'in ‘pea_‘t extradt hu vnl_go

béen reported by Black gt al. (1955). Tyrosine fias been reported to
be' prominent in HISO‘; peat extract, but the results are commry to-
this. , The y low of vnllm, 1ysine, srg(nlna,

and proune can be am-ihuted /to thn fact that then amino ucids go 1mo .

phane in the peat extract is due to its dautrucﬁon dunng acid hydrol-
ysis of ‘the raw peat.- Black et al. (19/55) found -tryptophane in peat
R 3

extract pr by alkaline 3 ) . )
y .

3.1.2.3. Mineral compositon =~ g 'JZ A

The minerﬂ cc;mpunmon of the peat extract llI shown in Table, 3.3

(page 59)./ 'fhe results indicate that the major minerals in the peat

Na, Ca and Fe, and, that the cxﬂimt contained low

amounts _of P ] ?2,?5)' 'K, Zn, Mn and other mic
22 R




R = Similar observations were also l‘epnl;ted by -LeDuy (1981), except that

fn his study the concentration of Ca was-higher than that of hfg. Low

of are a of acid peat extract
3 v
= L.

(Mel.oughlln and Kuster, 197Zc) Pent.' ts are, t mally

_suppleménted - with e)‘terna sources of phosphorus when used as a

subutrate for:the growth of cmorganlsms.

3124. Composition of the jor monosaccharides . . .

- T The composmon of. t} e\n%njnr monosuccharldes in the peat ex\mct

sample is summarized ‘in Table 3.4 (page: 60). The results ind_icaled .
that thev»hexnsas reprgsen(ed more than Sok\ﬂf‘the total sugars, and’
% , . that glucose was ‘the ;nost abundant sugar, EOUOwéd’by ‘gglactoas and Q
mannoss; Similar cbservations have also been reported by Fuchsiian_
s ’ FR (1980) Morha and Levesque (1980), ‘Morita and Mantgomery (1980), and
¢ Black et al. (1955) A_lgong the pentoses, .xylose was the most abun-
‘ . .

dant,. with low t of and i f

N

* v the amount of hexoses are decf'ened with an lncreasing degree of

.o i decompanitlon in the raw peat (Morita and’ ‘viontgomex'y, 1980) .

! ¢ 5 1
' 3.1.2.5. - General discussion: . free sugar content in the acid peat

' The @moint of free sugars released during acid h: ¢ r;)lysls of peat
* s affected: g"rsn‘tiy b’y temperature and the )ime of hydpplysis. Lor{gex- g

exposure umeu at lhn h(iher tempanturss will yesult in a ne! decrease - :
ln the free sug‘nr- concentmuon (LeDuy and Lerccha, 1 us, Forsberg et

= l‘.“ 1988), presumably’ as a resull of :increased destructlon of free

sugars, ‘No_rmnlly. temperatures .of 15009 ‘(Quierzy. et al., 1979) or

v



-higher have bgen employed. Hn:vavar. if the liquid éxtract is-intended

to be used as a nitrient source for biological proc: 5 milder 'co'ndl:»

tions (121°c) would be r the time for' the’
. ! would be ‘and the process yield would be lower.
3.2. Shake flask experiments
L 3.1}.1." ‘Optimal operating conditions » AT

- : 3 5. B d
P o4 were ¢ to de the appro-
o ' ' priate substrate concentration (peat extract:water ratio) for the.media
and the best sulum ratio (v/v). Aftarwu.rdl, ‘the effect

of temperature (5 levels), initial pH (4 levels) and lgi!nﬁon speed (3.
1avsls) were ‘investigated in 60 dlffarent séts of opamung conditions.

With the best set of pH, d speed, new experi-

ments- were conducted to'confirm the previously-found best values of

and ratio. Finally, -different f#rmtn-
tation times were tested. N N
\\ . TT3.2.1.1. Substrate concentration v
\When .peat extracts i from the hydrolysis “process were

inoculated. with P. ostreatus . practically no g-romh v{avt-obn‘nrve‘d. . The
fungus was, therefore, tested on various dilutions of peat extract w‘lgh
S water.. 'The 're-\;ltuhol the - growth end the TCH concenl‘nuon( at
different dilutions 'are preuen!ad in ‘Fig. 3.1. It was. obsarved that. a
.maximal growth, in terma of tho\dry blomnu concentmdanl, yield dnd
efficiency, " ‘was obtained at a 1:1 d.I.ludon ratio. Higher d!.luﬂon ratios
hmparer.l the gromh, probably baenun of lack of nutrients. For

example, the highest sliluuon ratip of vl:ﬁ cérn.pondo_d tf)‘l TC_H con= -




- -10.0/ ‘
: .
e E 1:0.8 T L E "
o ) Difution ratio (pest extract:water) ' 4
v ¥ ! v
\ . .
- . R TCH concentration. ) 5 ’ ‘ g -
fip . X - :ry biomass cnncantnﬁr ' ¥
: Ye

R e \nfﬂdlncy.

' Fig. 3.1.- Effact nl m |\|bﬂrav.n concentrations (dilution ratios) on the
7 v oltrnatul myelllum in the peat extract in
tho uhnk- ﬂn expe!




*'decrease lln"the growth rate at high substrate concentrations was almost

68

centration of approximately 7.5 g/L, as compared to abeut 15.0 gll. at -
the optimal dilution ratio of 1:1.. The lower gmwth obmm"a at hmer

‘dilution ratios '(higher peat extract concemrm.(ons) could be due v_o the

. 2 e, ) .
higher concentrations of - (nhibitory‘subsmnces. since the .TCH concen: -

tration was the” highest ln the nonﬂmutad peat. extract- (30 g/L), .and’

yet only traces of g-mwm wére oberved, .. °

3.2.1.2. . Effect of incre carbon  In the peat extract "
. : e

- ron growtn. - e 1

Table 3.5 shows that thera was a progreeslva Increase ' ln the

values of the growth pm-ameters when glucose was added to l!\e pe

extract. It s apparent, therefore, that "cax-bon was liniting in the

diluted peat extract. . Maximum growth pu’bameters (a dry biomass-
concentration of 13.35 gfL a yield of 69.40% and an et‘l’iciency of
44.52%) were obtained when 15 g/L glucbse was 'udded‘to the peat. . .

extract, and the stadstical analysis ed that f

@ < 0.05) ‘occurred . when "glucose was added to me dilyted pmf

: exn-act, up to a cuncentmtlon of .15 glL. A linear relationship between -

. reducing sugars end biomass has been’ rep _for Can-

dida utilis in an acid- ~depituminized peat extract (Chang, 1985).

Further- addmon of glucose abova 15 gIL (1. .ﬂs), however, had a °

less favorable eflect. It has bean reported hn!. for. fungl, there.are

upilmal sugar conc‘sntmtion_s whlqh, through ssmotic effects or specific .

enzyme effects, ave the most favorable for the congumption of sugars

(Foster, 1949)’ ,'However.- Solomons” (1875) was of the view .that I‘hé»
e < : 5

certainly due to oxygen since the fi ‘vessel #




>

Table 3.5. Effect of increasing carbon (glucose) concentrations on fhc
growth of the P. ostreatus myc.uum in the peat extract’

Dry bmz 2 £ P
Glucose .« . oome, - Yield' Efficiency’ .
(g/L) 3 (g/L) 5 ® ® - ~
0 > . dre8 £0.08% - 60.04 + 1.14% 33.02 + 0.20% %
i ST 14T o.ss“j,L; 69.85 + 1.91° 45.68 + 0.88° 3
15 . 13.35 + 0.60 69.40 + 1.11° 44.52 +1.07° ]
) e o
20 . 11.76 # 0.84° , . 60.08 +1.53° 32.79 + 1.36°
2% .. 9.54 %0.51 - 423 £1.84 . 24,38+ 0.85
30 . 484 %0.00% 23.05+1.88 10.88 +2.26
J'Pu! extract diluted ‘to a 1:1 ratio vgt.h water, plus 5.0 gIL yeu! <
cx!nm. an incubation temperature of 28°C, an initial pH of 5.0, am
agitation' speed of 150 rpm and a fermentation unu of 192 hours' were
3 R ) ¥
"nm- the mean vuluaa of at least three repuunta samples + ’

standard d-vhumu The % yleld and the % efficiency were subjected to
angular transformation to find the mean values + standard deviations.
Values in the -same column with the same. superscript are - not
-ign!.ﬂmuy dm.nnt at the 5! level. "
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to have a umn to the dry weight of myml.hm it can uuppon Other

have also the effects of hlgnor sugar

eom}ontnuonn on the grumh n{ §| in

culture. Vot (1966) observed t)mt the growth of P. gstreatus fna
lynuuﬁc medium with v-rlmu eonuntnunu of glucose lavu).hd off at

5.0% ‘and " showed little variation butwun 5;0\ lnd 7.08. Moustafa

(1860) obtaiped the best mwt.h of A. _gm in mnlt sprout extract
mwuum !\lpphmln\ld with 2. 3\ glucose, and o\:u ed a long hz p-md
and -low yialdl whcn the. concsn({uﬁn of ;‘Q—zl/:cvou lupphm-ml wes

raised to 5. O% Fl.llngho et al. (198() have reported that the mycnlll.l

ylald of Tricholoma nudum grea!.ly dmreand with the addition of more

than 1.0% of glucose to. soybean whey.

3.2.1.3. Inoculum ratio:

The highest values of the biomass dry weight, yleld and efficiency”

were obtained vm.h 5% (viv) lnot;ulun ratio (Fig. 3.2). Wr values
were obtained at higher 'lqd lower inoculum conc-m;ndmu. The values
for ‘the growth parameters at 7.5% and 10.0% (v/v) were ot signifi-
cantly Marem (P > 0.05). \ -

The relationship bo(wnn the inoculum ratio and 'the-final pH of the

. medium indicate that, glnu-llly, there.was an lncrun in lhu pH values

of the mediui. " Howaevs ,' thu increases " in the final pH values were

lower at higher moculum' cnncgnu-luonl The residual TCH concentra-.
tion in the medium was the lwut at 5.0% (vlv) inoculum ratlo. .This
munq that ‘when the inoculur ratjo was opuml, the {ungul ‘utilized
more of the TCH in the mndhlm than at any other. Lnocnlum ratio tuud

-~
There was na significant difference (P > 0.05) bltwun ‘the mldull

P

”
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TCH concentrations obtained at the 2.5%, 7.5% and 10.0% (v/v) inoculum

ratios.

»
3.2.1.4. General discussion: tha effgct of inoculum size on the

It was observed that the size of the inoculum affacted the growth
and the biomass production of the P. ostrestus mycellum In the peat
extract. A similar observatipn was made by Martin (1983a), who ob-
tained an opﬂmu lnoculum ratio of 7 - 10% (v/v) for l_ll rchella M
grown in peat extract: anm nt al. (1977) obtained an lncnua in
.};ield of the P. ostreatus mycelilum when the inoculum size was
increased. However, in !Waiudy the highest inoculum ratio tested
produced the best growth. The effect of inoculum size ori/ the biomass .
production of Morchella crassipes '(Kosaric and Miyata, 1981), and'
Coliybia velutipes (Hashida et al., 1967) have also been reported. -
However, Yoshida et al.” (1965) did not ;:bnr:vn-nny -1¢nlﬂ‘=nn! effect of

" inoculum siz; on the biomass production of Lentinus m.‘

The lower g!mtui values obtained in this wox& f;r wum con-
centrations higher ‘than 5.0% (v/v), and the correspondingly higher
residual TCH fiuneuntndnnl. indicate that the effect of higher inoculum
ratios was mot duie to the depletion of nuﬂrl-n‘u‘u a result of higher
initial cell mn«nmnﬁm’m the medium. Carryover of inocula nutrients .
and other mnbouul from one medium to another could- occar during
inoculum Emaler (Jennison et al., 1855). Some of the mltabelnol have
inhibitory ogfunu, at higher concentrations, on the growth of'mlcro-
organisms (Martin and Whits, 1965). The lower groWthat-thd higher
inoculum ratios could be due’to ¢ . of .,




v ] .duriag the propagation stages and

@

=] 2 5% (v/v) lnoculum _ratio could, however, be due 10 the low initial ceu
concentmﬁon. It has been reported that low cell cancemraﬁans ln-

creased the ‘lag time for .the growth of microorgunisms in a liquid med-

fum,, since the time for the lag phase of growth _vm-les mversely with

the fnoculun size (Batley ‘and Ollis, 1977).
"3.2.1,5. Temperature . X

The optimum telnpemiure range for the mycelial growth of 'g,'

cstreatus has been reported to be between 20 - 30°C (Zadrezil and

(Grabbe, 1983). Temperatures ranging from 19°C to 31°C, at 3.degree

intervals, were studied in this work, and the -results are presented in-

Fig. 3.3. It was observed that there was an increase in the growth

with ingly ~ higher of 19 to 28°C. A

further increase in lam;;m'ature to 31°C produced a significant reduction
l’n the growth. The influence of the initial pH values and ;gljation
speed on the effect of temperature ‘on the growth was also observed.
For example, at all levels of pH, the optimal temperature for the g"owm
at 200 rpm was betweeri-22 and 25°C, while the—pnu'.h-ms—stgmlﬂcsmly
less at higher temperatures. There was no signiﬂcant difference be-
tween the corresponding values of the growth pargmeters at th;se two
temperatures at 200 rpm.- It was also ‘observed that at pH .7.0 tl;e
differences between the: growth. parametérs ‘at 25°C and’those at 28°C
were not_s(gni.l’lcamly dli'ferent (P> 0.05) when the agitation speed was

100 or 150 rpm. |

" with - the m. The lower growth values obtained at *
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\ _ - . Fig. 3.4 shows more clwlythnoburuﬁnn-mlt!haapdw temp~ .
& \f\:\' . umun br the. growth at the P. olu'u mycelium in Lha peat extract -

\m 28 + 1°C-and that & further lncnllrvof me\nmpemun to :1°c
) Mvmdymmd—wgémof th.funglu Bukhahnnd Solomko
B R +(1878) and Labaneish et al. (1911) have reported an optimal temperature
Sers ofu°c for the growth of the P. os g!mycuuumtnsuhmmd
T culture. However, Hadar and coxun-luui (me) und ze°c for grow=

octnnul\!n luhmrged culture.

Thnn was a lught in the J 1 rate .

(the decrease in the mlldual TCH mnc.mnmn) tmm\x °c.to 28°C,

Vhﬂ{'l mud.mum growth wes ohuinad. The 1o

— - rate (highest rnidunl TCH. conceut!'udnn) vnl obmned at 31°C, whan
.- the growth was ‘lowest. The Th-n was &’ general lncreua in nm pH vnluu

of\thn nnd.lun at each of the vmoui temperatures. The ‘highest tlnnl

were obtained at 25°C and 2s°c and the lowest final pH value——

.at.3i%. L ‘: (Q’I) P ‘that” X appears to

be less tolerant of temperatures above 30°C. &, U =

5 & 7 ‘3.2436. “Initial g s
: Studles were conducted on_the effect of initial pl-l values ranging -

— h:vmloto'lﬂonthnpowthutg ostreatus. Thn\e(fectollnidtlpl-[

at Various “and 0 -p«d- are preser \m l-‘lg. 3.8.
w . .- It wn obnrvdd that the mvnh at initial pH 4.0 was very poot. ’ but®
'nm- was a gréat increase in the growth When the initial pH was ih-
-creased to 5. o, leuwud by lught dncuuu in the g'rowth at Both
. Q\:, ‘initial pH vali “higher than 5.0. It wes alsd observed that the effect " o
ol the initial pH was 4 > ‘: D by the and.
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- Fig. 8.5, Effact




o X v . L 7 ¥
et o 0 e g

3.5, ‘(co‘nd‘nim‘d)r £







: ot 1no rpm. the . growth nt inmnl PpH 7.0 was_ ei!her not- uigniﬂcnmly

i temperdtures tested

. pH for the growth of P ostreatus was 510, " There was, no significant .
L d.lfference (P >70.,08) batween the values of . the d

: However, a lowex- yield valué. was . obtainied at pH 8/0, I-/bich lndlcntelf
e /

that thé optimial initis] pH had ‘been exceaded. . Su}imoﬂ et al. o),
E and Hadar and Cohen Amzl (1986) also nbta.lnsd nn opdmal lnm.nlwﬂ ol’

ag{m;ion speed. . For example. at. mmperamms of 19, Zi and 28°% Cy

growgh_ I at an initial- nl-l

whan the tamparature was 22 or 317 C thare _Was.mo slgniﬂcant dm‘ar-

énce (P> -03) between the co . di grgmh at’ pH 5.0

‘and those at pl-l 6. 0 It ‘was ' also. obsarvad that at an agi!atlo upeed

vdlft‘erent (P >0 05) from or better. than me growth at pH/B‘o atall.

Fig. 3,8 shows more dearly the obsewauon !hat tha/ optinuu initial’ )

/laiomhsi ccnéen- i
0.

treuon and afﬂciency ob!ained at pH 5. 0 and ﬂwse ‘obtained - at PH 8.

* has been reported that an acld pl-[ inhibits tha grnwth of Pleuro ua“

i growﬁ favorably ‘(Zadrazil, . 1978
“but; the growth ‘was. renrlctud hy pH valuas of 4 2 and 6.7. th(moto :
:’mycellnm at pH 3.0. “Volt* (1968) repomd nat B

E B best at PH/ 6.5. The epumal pH .values; mmh at mushroom .

< ‘mycelium depe_ndg on the species or the: strain.and the culture medlum

5 ;0 for ihe grawth of .P. ostrei ulus myceuum. in‘.submarged. culture. It

'species and thet incteasing the :yom ‘4 to B'affsets the nryceual, :

Block et al. (1959) -observed that

the P. ostreatus mycellum grew hast at pH values hatwaen 5 und 8.2, '

%

and Ta.knhnsi (1914) hava alao observed poor g'mwth of P. oa‘tmntun"

treatus mwth was



(6) Dry hlmnnl mmnmﬂm‘: e
C(m) - .yhl_d-
efficiency.




o
= t‘ot grom.h under- ar © 1
l\ﬁyntn. 1881 an!ldl 15’13). s "
"l‘he pH values ol the medh vm- ch.ng-d duﬂnz !.hn _-mycelial
growth. mu-mmn,mmm.uummpﬂvuuu-tm
,M mycelisl growth. Thers wia & comparatively big changs in

ol . !hepl-lvulunaltbpopdnum!nld&lpﬁo!!ﬂ(lo,fmlﬁlom’ll)
. The final pH vtluo obulnod whnn !ha mmu PH was e 0 was about the

sahe as ﬂnt obmmd wlth ail initial pH ol 5. 0, whllo there was s only l'"
_-ugm increul in t.h- pﬂ vllue nl l'l\ lnm.l pH n! 7.0 (lrcm

+0 to

& . k 4 2). Th\u, ~within Lhn opt!mnl limlu, thn ﬂn? pH value' vnrhd only -
slightly. Thh f- in ngrnme\ﬁ vdth the obnw-ﬂan mdt by\ Zadrazil
(1915). The" lomlt miﬂmﬂ TCH c(‘mc-ntz-adnn (Mghut TCH mn-
i ucn) was eblnl.n-d at the optimal pH vnlu- of 5.0. Highor nluull TCH

eoncentndonl were ohtahmd both at lnwur and at hlghn- lnidn.l PH :

vnhlu.‘

1

‘mﬂmdlﬁmnspudonmmwmotml’. octm 8
mym.l.{.uml.nlhnkcﬂuhunb-mninFlg.s:(men)md?j: i
 3:5°(page 78), It is apparent that the maxisim growth wis observed
. "at 150 i-pm, with' dw gwwm th at-lower and af igher -.ﬁuwm'

.1.Am.um.p..d i t =

‘spe-dn A#udon -nhnncu mixing nnd makes nulﬂann lnd oxynn‘
- moﬂ lval]abls. Thonton. one wuul hnvc oxpcclld :hn gmvnh would

" “be higha at 200 rpm than &t ‘(50 rpm. However, dus to the nature'of

! the growth of fi fungi, l offect of the shearing’
fnree on- the zro‘dng hyphn overemn thn beneficial n!tm of mixing,

i
1
|




. . L y o
N : < und hancu nllacted m physlology ’und gmwth, of .the mngj (Mgrun, N
1983b), B . . §

- /1983). B : W J ol

B Sl - It wes ohlarvad that. :he ;_%pammre and "the inldal pH,values did - - v

y mt havn much mﬂuence on’ the atfec! ot me agitation spa}ed an the
!

growth of the P
& f

umﬂmd optimal at. most levels f temperature and hﬂﬁsl JPH stud.led

B. ostmnzuu mycellum. An agitation speed of 150 rpm

Tho only noticeabie influence was thnt at 22°C there ‘was no significant :

dl!lomnc. “batween tha orres ‘: biomass cos ati “ at. 150 and

00 rpm’ at all luvel.u of mmu PH- tested. The pmseng&ﬁon cf the A_
,axwrlmenm data,in Flg 3.7, lhnwu clearly mat 150 rpm ‘bas the optix

| mal -agitation speed. for the ‘growth ol’ the P

nsu'entuu mycelium Xn
shake flask r.‘ulturel : s - 3 g A A

| 3.8, Famptg&nnﬂm . T "

q . " 3
\ ~The effect of f time on_subn growth of the P. .
i \ nltu‘!‘my&:eﬂum in the paat’exn-‘acf is shown in" Fig. 3. 8. .There was\ .

0 apprecin‘nlu gromh before 48 hours ‘of _fex'mentndon (Flg. 3. Sa)

gvnaml. thax-e wu a gmwth udaptation period which lasted " ror 144
houn. Tha ueelamtad _growth phase occurred between 114 houts and £~

¥ 182 hourl of Iam-nuﬁun followed by a decline 1n the gromh rate.
' The highelt dry bwmn conggnt,rauon (5 15 gIL) was abtained st 240

hourl of fermentation. ‘This value, , was not

dlfhrnnt (P >-0.05) from that (4.98 g/L) obtained él 192 hnuts There
wdl also’

‘ f’dacnun in"the™ yield value at~ 240 hum.-s (Fig. B‘Bb) ‘which. )
mdluud that the accelerated phase of grom.h has passed. The growth

blgln !o decnus attnr 240 hours of fsrmenution The TCH concen--

munn inthe redium decmuud sharply durtr%/ﬂu first 96 hours of
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Effact of !gltadon lpnd on f.hl powt.h f ﬁ!ﬂl .
"mycelium in- the peat extract in the ghake ﬂuk axpe! nts | L
at an, inmlblﬁén tomml‘utum of 29 0° C and: m um.m pH of .~




-..(0); = ‘Dry ‘biol m. concentﬂdon
(8) = Rnlldunl “TCH' eonc-nu-nuo
. (l) =~ Final pH values

Effect oftomnflﬁpnﬁmon ,g'mm.hofuup

ostreatus: mycelium-inthe peat extract in the' shn&u ﬂnuk

cxpﬁ-ﬁi] nts at an- e\lbcuon ‘temperature of 28.0°C, an
“'initial: pH "of 5.0 agital Ip.ed bf 150 Tpm X




(Y) - Yleld, .-
(E).~ E!ﬂdtncy.

Hg._ SV.Sb. B{ ct of fnmnhthn tim¢ . on. the growth of
A - mycelium in the: peat extract in the
3 nts at an incubation temperature of 28
inum pH of 5.0 and an-agitation:sPeed of 150°




7 < llrm;nuw;li Iﬂd'th;n the decrease bécame gndun'l‘unﬁl 240 hours. ) H
N e mﬂ\fnl TCH eone.nmmn became constant dfier 240 hours: ‘ g g

Pellet g'rmh was oburved after ‘144 hours of fermentation. The
it 'tl;rbldltyol!haputmnntmdiumchmgodduﬂnggmth the peat
A .),nxmctclundllur 14 hours o fermentation. " Fig. auu-oumw.
o the: pH ‘values 4f the media Were fairly constant during the first
M lw\lrl of hmnudon. The pH then mn lhu'ply irom .a little

b-lmv 5. l tp -bvut 8.0, bétween' 144 hours ‘and_ 192 hours of fomnn-

N .uon. Thu corresponded ‘with un -perfod of " rapid - growth. “the pH
: cant(nuld lo rtu, bul gnduaﬂy, a!ur 192 houx's n! femnuﬂnn ) pis

_2;2., Nuutﬂnnl.l nh\llnunt'x of me} o-u—qu uyun'linm

ol t.hn nlyul.lum was very ‘poom 'Ihi.l aould be dué to . the lack of some

tﬂanu ln the ]Sdgt extract; Studies im the growth in a ly!i!hadc

mdjum and in a ‘nutrient-supplemented: pu‘.'sxu-mi were mm-ind ou\t‘to =y : 1
- s : AL

1; thl of B, ostreatus grown in ‘sub-
'_mrpdc\ntunlndllla tnm:dmlummmhafml’. onrutm'»

S 2. 2 l. c-m mn- -
The major monoucch-rldu. whidh-were pr‘iunt iri the pu!\xxmt

were glueou. mnnnon. xykm;' gdncton and mbinon (Table 3 4.
Ep‘p "80). Thun llllll‘l vn%e taund m a lynthcuc medlum for Lhnlr
'mﬂll to’ luppon '.hl pomh of thl. B. o8t reatu mycel.lum. Table 3.6
shows - that 2 M gnw best and produocd mndnul dry. blomass’

Fic
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+ Table 3.6.

. Etfent of different cax:bon sources '(!ugﬂrl) on the . ziomh '
. of lhe P ostreums mycel.lum in.the synthetic mcdlum
R ; “Dry bioimass? s s § o "
. Carbon -source concy Yield' Efficlency ,
(15 g/L) - (g/L) =~ (€] (%) -
D - Glucoss o122 0960 52294 1.80° | 411 +1.28

D (+) Galactose 4.11 + 0.10

D (+) Mannose 734 £ 0.64% T 5321+ 113 49,05 £ 1,28 0 N
g L (+). Arabinose | 134 £0.08 -+ 28.28 % 0,40 © 8:94 +0.38 5
D- X&ioud trace . “ndd . "nad

31,79 £ 1037

21,40 + o.eo\g -
™

1'l‘ha sy'nt.haﬁc medium conuiuted of .the bud mﬁd.lum, plus 3. 5 IIL =

ammonium’ citrate, An.incubation temperature of ‘28
5. 0 and a fermentadon time of 192" hours are uud, .

P standard deviations.
o angular transformation to' fiiid ‘th

, e -niﬂeantly different at the S% level.

- |

nd = not {mermined. - ol

C, an lnlt.hI pH-of ¢

© T

2Thna are tha mean - values of at lent threa rapucuu ump
The % yield and the % efficlency were lub]ectld t
the "mean values # standard; deviations.
The values in thc same column with the same uupencﬂpt are no\ sig~ -
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‘yleld and ¢y, when D (+) mannose and D - gu- -

~ cose ware um@d L] carbon sour s. Tfm va.\uaa\w growth par-
T amsters -mmd no_significant. difference’ (P-> 0.05) between D '(+)
o N mnm:e nnd D - glucou. Growth very poor when'L () arabinose

D - xylose was ulad as’a carbon ‘s urce This could., mean that the "

t as well metaho].lzed a8 tha hexoses

” pcniolu
Annlylgn of the pm exmct mad.(um altar t‘emenmlian 1ndicued

’ t}ul ‘the fungus "itilized more .of the glucose, mannosxs and xylase (their

o s ccncgnu-aﬂnnl wan Iowor than before farmemauon) than other sugars’
. 1n the poat a:;;ml (Table 3.7). | b :

3.1.!.2. Glun'll d!.lcusdnn utilization of ulrban “sources

Clix'bohydratu are usually the best sources of carbon and. energy

e _ for a biomn-' fon: . The aiff growth pammetars

i 4 obtained with different sugars in tha ,wym.hedc madium and the greater »

[ AMutﬂ.{nunn of glucole anq mannose in the pent extract,, indil:ate that the %

\ response of B. ostreatus to various uu-bon sources nuy ba " specific, so " -

thnt one uuhnmte might have been m.uized readily whﬂe another of

clonly a!mﬂu chemical au'uctux-e might "have ‘ been poorly utﬂlxed
(Hnwklr, 1983) Buk.halo nnd Solcmkn (1978) ‘hava reportsd thnt B. )

oumaml readily assimilated - glucosa,_aucmse and mhnnltol‘ less reuu-

- ly. Mﬂnou, maltose, xylou,vumrch and cellulosa, and pmrly, lac-

5 tose. thl.mobo md le.lhnlhi (1974), also ohlatned poor S’NWth of P

oammu when xylose or mbinose was ulnd as the cruy eex-hon source..

-The Jpoor gm;lnh of P. gstreatus .on xylose: or arabinose was?"’ owever.

unexpected as it has been reported that these two sugais “are uu’u‘nﬂ'y 1

“satisfactory- sources of carbon “for wood-destroying filamentous fuxigi o5



! ’l'abla 3.7. The co?posiuon cf ‘the mjur manouc
extract’ medium utter fermentation

Ehmdu in m- pe:

; o : ) mbsittich * &
., Monosaccharide - N (\ of total reduclng supu)
Glucdse ' 5 e f 0.8
Galactose oy B STES R
) Rhamnose o ,28.37 £1.37
2 . .Mannoss | L 1061+ 1.4 . o

’ Arabinose ’ 8.51 £ 1.25 }

Kylose L Sagte s.u'i_r 1.64

“Ipeat extract diiuted to a 111 ratlo glth water,’ n’lul 5. 0 gIL ynut
extract, an incubation tﬂmyoramn of 'ze C,. an lnmnl pH 'bf 5.0 d a
fermenmuon ‘time of 192 hours, were use

zThese are - the ' mean ‘values ‘of three dsum!n donl vf %hrd\
aamplns + "




‘) 2
1968). anou has been mpotled to he a goo/d “source bf

T mbon (or mulhroom myce growth by uveral investigators (Hashi®
| moto. and Takshashi, . 1974;, i Yoshida ot al., 1965; Reusser ot al.; 1958a;
Sﬂvut;z\nnd Blno. 1570) Hoylever, glucose is.more available and

X less -xpmsivn than mnnnnu e v ¢ .
- j\, \ % Annlylel of thn peat sxtmet med!um lfter fementaﬂon lndicated
% ‘A lhnl more glunola was consumed than' mannose, even v.hough they weie .
- oqua.uy u'.ﬂ.iznd when tutad ningly in me sy'nt.hetlc medium. Studies” on
. the utJ.llmt.ton of mlxtures hnva shown that glucose has ganem repres-
ive’ und “inhibitory aftact.s on the- udﬂpuﬂpn of other mrbpn sources’
Y {arittin, 1981), 5

T ] The 1.5 gIL nencﬁmrsdpn of gluccsa and 3. 5 g/L eoncentmucn “of -

umnwnlun cﬁnta in m. symhauc madium providaﬂ about the same TCH

L(15:0 /L. and it (0:5:g/L), 1

ly, - 8s “did, the peat ek,
trt’ dlnted o a 1:1 ratlo with water), ‘and-supplanented with'5.0 /L
yaut éktract, yet a higher dry biomass concemratlon was obtalned in
' '\L ‘\‘ the uynmetin medium ('I 22 g/L), than in’ tha paat extract (4 96 g/L)

An r for the diffe ce in thagz-owth could be ﬂm, in.

ldd.it:lun to the probablé p e of in v ances in- tha peat

' extract, the TCH in tha peat extraet represantad o mixture of different ‘“

carbohydrates some of which .could not be utﬂiznd efficiently. ;I‘hu
hmgul dld mnot have the l:apnclty to produca smll q\mnﬁﬂnn of several
= anzymu lo uv.ﬂ!zs thn diftenn! carbohydrates m the paat extnc!, but

was cnpcble of pmducing a mgs quunﬁty of tha enzyme !.hat ud.uzed

the- ghmn in"the'. lynthede medium (Hawker, 1953). ~It was obsarvad




have caused m\o(dn car

_ complex medium laI.m to be'a ¢ of the o

metabolisn.  For' e

3 mnted put axn-u:t produmd very mu

avallable TCH in the synthetic medium, while it 'ediald -

about " 9%% of
only utilize - abou} §7.04 of the TCH concentration In the peat sxtract -

medium (the findl TCH in the -pest broth was

about 6.5-g/L). Anolhnr explanation for the lomr rrcvnh obtained in

th;n pﬁt lxmct could be that the qumpl-x nature of u;- medium might

y to be lntn :

wrtain ut-bol.lc pnhmyu that d.ld not uynthnlu mkrobhl carbon
X
(Foster, 194§!). .Fgﬂuuv to cqmpvlatolyv ut.mn all the mrbohydnu in a

ple, r-rludng -ugu- uuuzntlon by utiﬂtu; ln

Ahnwery wastes’ r-.ng,d tz-om §2.7 !o 74, % (Shannon and Snvhnlon.

19’15). Htchfhld and. C (1985) k Ly 5
values mnglng from 50 to 'IM wi!.h Morchslla culluran rmwn in £ood

v, pmduclng wu!u. P Rnulmx- et nl. (HSB‘, b) ohuhud a'value of 82: !\

for M. hybrida in waste aumts llquor ‘medium, and 90% for I.: nudum ﬂi

a_sugar beet moh.uu msdlum In pou.—axlmt’ Hnnln (m:u)’
upm-tnd t.hnt ‘M. “esculs sng only uﬁnznd about. 50% o( the nvtﬂ.bh

rm-bohymta. while  Quierzy g (1919) oburnd that in ‘a batch y
'culﬂvadon ol g’ ,m - 680%-of the Ln(t!.l.l TCH was eonlumd
. by t.hs n! m d ”Q\,uom

L

y in. complex

media might notbo uﬁlﬂubl-. ) ¥ !

;.2 2. 3. ilitmpn m!ul
Growv.h of the P. o.tm!ul myecliun

a’ non-nitrogen supple-
. Therefore, different
oz-gunlc and. inorganic sources of nl!ng‘n wan lndividually und to

lupplamnl the peat extuez Studies re also conducted ullng 8.




o4

syl{theuc’ medium with different ammonium salts as smm:es of nltmgen.» A'

The addition of, nitrogen, m most mes, produced higher mycauum
t than'a non: ’ 1 peat axtmct (Table 3. E) 5 whmh
N

1 lndluted that the peat axtract was too deﬁcunt in’ nm-ogen tox- a good

\ g'mvnh of the P: ostreatus myce_nuz. However, -the “effect of the

nm'ozan ngpplamri!nﬁnn on. the growth of the )-8 ostreatus my‘csliul‘n
depended on. the nm'ogsn soum. ~Maximal grovrth values wate obtained

. in th{ peat extract supplamemed wiLh yeut extract as ths nitrogen
sourcn, and. in the sym.hsuc medium with ammguoium citrate as’the
nitrogeri saurce (Tabls 1.8). Ammoniun ctrate .and ammorium’ nitrate

._did not pmducl any sfgniﬂcnnt increase in ‘the>growtlr in the peat
extract u compmd ‘with the non-supplamented peat extnct(, while

amnonia’ noluﬂon and pomuium nitrate producsd about 27 0 and 25. 0%

) lncreue in the gmwth, e y. a
dry biomass concsntrnuon and ylsld valuea higher than’ Lhols pmduced

. by urea in ﬂ"lS palt extract, \but t.he nyarsa was true in ‘the symhaﬂc
° medium. : i . ) - . ’ ' ‘
The organic nitrogen sources and mcnlum citrate lncreased the

pl{ of the medium, while the enmoniun " salts’ of lnsrgamc scids and
pomli\lm itrate decmnd the pH during the g-romh of P. ostreatus’

" . (Tables. 33 and 3.9).

B ’ :
v ~ ¢ ] . o
3.2.2.4. General 38 of 1 sources

~1t was observed - that the growth was comparatively poor when the

peug extract- was uu‘pphmr{ted wlt.h\ some ammorium salts o{ inorganic
acids., This is in' agreement with thy ‘observation that,. generally, -
-.. organic nitrogen sources are better than inorgenic nitrogenous' salts for




9%

"'Table 3.8. .Effeet of different’ sources of nmvpn onlmn growth of the
~ _ P. ostreatus mycelium in the peat extract

= = = e
X Nitrogen mureoz\ ~- Dry biomass® 2 viewd® Final pH " ©
- (0.5 g/L N) | cone. (g/L) . (%) - - of medium -

Noie . - C1008%0.02° 3535+ 1.92 4.4

- Ammonia s ; -
solition (29.8%)% 1.35 +0.02° ' *35.05 + 1.01° 443
Ammonium citrate 1.01£0,02° 2085+ 1.78°. s o

Mmoﬁm phosphate

C+ (dibasic) . L E40£0.04 . 37.30 # 1168 4.95
: . Ammonium sulfate w20 102 T dar
N = ‘Ammontum nitrate W01 s, ‘
; o ‘Potassium nitrate . 1.32% 0,02 " 14104085 . 488 .
Yesst extract . 4885008 €.02%iaa’ - PP AR
Peptone - i 2‘as +0.07 31.00 1 oP 7.3 :
- Ures "f z«nooz ) 2H0:1.'14~ s ,':
T 'Peat extragy diluted to a 1:1 atlo with murmﬁo‘*
tem'pe\atun of 28°C, m muﬁnn speed of 150 rpm and a hmnuuon :

, time’of 182 hours were used. -

- i 2Amount of ‘mutrient added was 50 that the
. smquandtyolnltragnnmndd-dtmachmm - . -

. 2 Ao 3These are the mean values of at least three npl.(cuu samples - +
7 ﬂ . standard déviations. The % yield was' subjected to angul
%5 - “transformation to find thé mean values '+ standard deviations. The 3
values. in the same column with the same ~luvll‘ll’-‘ﬂp!_ll‘.“n°l 1
signmcantly different-at the 5% level. @ 2 o

Qunndty tequired to bﬂng the pl-l of lh- pnt oxu*act to 5




8.8, E{lect of du'ferem. _sources of' nllmgen on, the growth of the
i g utmtua mycallum in the pest extmt

" Nitrogen souree’ Dry blomas I Yfeld’ * .. Final pH
o » (0.5 gIL NY. |- “eone. (g/L) (%) - "of medium
Lt R . B 7ol e <
T " AP
'-Nona 1,06 +. 0.02% 35.35 £ 192 - 444
T Ammonts . Ty T o g v 5l
dolution (29.8%)° 135 % 0.0°. . 45.05'# 1,07
: © Ammonfum citrafe ' 1.0L 3 00 .55 1 1.76°
Ammnn(uln phpuphnu &F B o - S
(dibas 3.40 ¥ 0:04 7,304 1,14
Ammoniim aulme ~ ’_,1“.20'1 0.03. - 28.20.+1.92°¢

Ammmum nitrate’” - . 00.914/0.07* " '23.20'+1.48

.04 0,020 .10 £0.85

4 Pqtas;mm }nml-ate

2 760.02 441,14

_Peptonie 1 . 31.00 +1.90°

g
Urea. « 2,484

Peat extmc& dﬂuted to a i:1 ratlo w'lth water, an. incubation - 0
tempemture of 28°C, -an’agitation spaed of 150 rpm and a l’armematmn o
" time of 182 hours were used.

; . Zanount of nutrient added was' calculated so’ that apy ’the .
snme quantity of * nhrogen was added from each en\n'ce . +

E 3Thesa are the mean values of at least | three repume samples *
; standard deviations. 5 The. % yleld was subjected ' “to . .angular

. transformation to find ‘the mean values € The .

- values . in{ the same ' column’ same sll'pez'ucnpt, are  not
- ‘significantly diffetent at lhe 5% le

Q\lnnuty tequired to brlng t'ho pH of, the peut extract to 5.



fungal_growth y in unb i nedium (L ahfl ‘V’isa.h;‘
. Bukhalo® lnd Sol.onko, 1978).- For exampte, l-h-hlm_oto_ dnd . Takshashi
(xsu). lnd Hackaylo et al. (1954) énpo‘r(.d that organi¢ sources of :
" nitrogen .M good growth of P.| ostreatus while -ammonium salts _
and nnn!a produced less mw!h Yoshida gt al. (1965) observed lhll
)3 M grew bqtur I.n a medium w(t.h yul! extract and/or plp!on-

than in one with ulmnnlum sulfate or unmnl\un tartrate as mnmm'og‘n
source. Yeast nmct has been: found u\: be a good source of mm-hnu
for the grovn.h of microbm biomass. Sugimm-t at (1911), comp-rlng

dlffsmm organic mmgon soums, found. uut Aynn extract produe-d

the highnt mycelial concantraﬂ.on of 'ttuatui. Bukh..la lnd

Snlomku (1978) obtained the highast blouml growm ct B oltﬂg}u! .

whun yaan ‘extract. was uud to -‘pphmm some oomphx media,. Thn
pmbl.em with yeast extract is that it is too oxpcmlvu for an ind\ulrhl

of . 9 Nm.....

3.2:2.5. Genersl discussion: ability of the mushroom mycelium to
" utilize salts as nitrogen sources in-

<culture |

Fungi differ in mir--bﬁity’ to _’uduza vudmu ammonium galts as

o € N
°* nitrogen sources for their growth*(Hawker, 1968). In this work P.

ostreatus grew very well in !hl' sﬁmﬂc m:f!un; with amngonluni dlﬁta ®
asa nitrogen source, but 'Brdck_(ls!l) found that ngmn'mum citrate was

i ey
toxic to M. esculenta ferences (i the utl .of .

thn varlnuu ‘gmmonium’ compoundl may be dun tu the lnculu of the .

hydrogen ion eoncemruuou in tlu media. lekll' (1983) hu n);omd




‘acid’ as a source Jof nluwogen, t.he meruum bemm more wdﬁc..

acidity ~ r-ulfed Irmn & rapid uuunyon of  the mennmm. ién.

The ° .

| ;
! Srlvuuvn and .Bano (IB‘IOJ have mportad that when ammnnium salts of |
/ 3
-| inorganic @cids were’ us id
. flabellaf uu, the firial PH'of the rmadlum dropped to 3.0. A snnuar

as sola sources of nitrogen.for the’ growth of

ob_umuon ‘wis made in’this work (Tables 3:8 and 3.9, peges 95 and -
48 Therefors, the low i values developed in- the, misdium could ‘be ;
nspunsihll for lha poor g'rcvnh ohsewed in the peat extract medium %

»whnn some. mmniuln unltn were used és supplel!lents (Hﬂshi{mm and‘
'muhnm. 1974).. TN e i ol
The good mmn btatned ‘when' ammoni : was - uged,

wu due;" to ﬂ:e stmng hulfex-lng napadty of !ha pholphnte'
‘of tha mnd!um

" Thus, t.h-y ‘were_able to -maintain thn pH vduc
ovur a runzs suitable fo!' growth et the mulhroom myceuum (thehﬁeld,

4 ,15&1;). Howavu. th strong buffeﬂng —mpmtyA was lost at Mgher >

u{ thl ) salt. and aﬂd renctions hegﬂn ta dn=
1958b ‘Shmna

crease in the medium (Reulnr ot nl' md Stevensun,

1915) It W}., therefore, obnrwed that r.ha g-mwm of .B. csh‘sat!s &

decreased when the of the I m &
| "+from0.25 to 0.50 g/L (Table 3 10). % 3
: Ammnlum citrate did not-snhance the growei of the B! ‘ostreatus

:Tor the mng\u in the lymhedc mdlum. It cuuld “be. thnt the nbﬂlty to

utilize a. pn'ﬁeuln' nilmgen lource might depand. amng ot.her h\ctors, 4t




Table 3.10. , meel OY o
n the growth and the crude proni.n ‘ienun! of. !hc P.
. onreatu- mycelium in the peat extract R

= . ' & o g Crud. .
Ammonium . ., 2 2 rotein’ .S
phosphate Dry biomass' « Yield' Efficlency” (’l of dry 8
cone. (g/L) cone. (g/L) ® * (%) myc-uum) Ny
— — e - e - . R
) i.08 {gﬁa 25.35 + 1.92 7.56 + 0.65 ~ 9061
2.5 3.40 +0.04 . - 37.30 + 1.14  22.65'% 120 . 13.75 e
5.0 1.0 +0.05% 32,90 £ 1.50. 18.25°% 1.2,  w.is.
7.5 “’ trace na® s nad. ; n y
at’ exsx‘act diluted te a 1 1 ratio with: deloniud mtc ».8n
)\ fion température of 28°C, an initial pH of 5.0, an tation apud
ohy of 150 rpm und a fermentation time. of 192 hours.were- use .\
" Zphess -are the mean vilues of ‘at least three' raplluu samp! £ N

standard devidtions.. -The % yield and the % efficientcy were suhj-cted )
angular transformation to ‘find the mean values +*.standard 'deviation.
The values- of -thé same column’ with- the same -upurucrlpt are ‘mot_
aigniﬁcanuy different at the 5% leval. [ R

nd = not deterniined. . ’ .




4.0 g/:. ammontum ‘ditrate’ In ‘tha' synthatic medlum Hovlavez" higher.

: lomycst * utﬂ.lu nitrate nm‘ogan very alowly or not at nu.

‘'at 5.0 and. 7.5 zlLyeut 9xtrm:tl.n'.hc pu( axtmct or at - 30g/t. and &

lncnue in t}h cmdu pmtaln ‘content in the myc-lium The addi on ol

réatus grew. poorly, i botli- the synthétic mediun’. and ‘the peat

-xtmt..' when p stum nitrate’or nﬂmte ‘was used as ma

nm'cpn 8 rca A umﬂar obsarvatg;. vms ‘madeé -by Sriyastava and-
Bano (1970) with _g flabellatus, ‘and by Hash(dn ot al. " (1067) with
- Coliybia velutipes. Héckaylo et ‘aly,, (1954) h:we reported - that basid- " -

1-2.2.8. m.et nl of on the mycelial ¢
gmln.h -nd the’ md. prvmn mmntnﬂan

oxtnct ‘in the peat extmct médium (mg. 3. 9) or; when the cancentm-

don of ammonium - cﬁx-a!e o the sy-ntheﬁc med.ium (Flg. 3.10), was E:

inr:uu(d 7Mn:lmal gmm.h Va.l\ltl. wn-c obtamed “at 5 o gIL yeast

m the ,' . medi : 5 ngher e
.8 loll tuvombln e!fsct on growth Them was_ no signﬂimnl d.l!ference ¥
(P'>0:05) between the corrqupond.lng Values of the growth’ punlheters

concnntnﬂonu ‘of the; yeast nx(met or ammonium zi'.rum produced un‘



g
4
i
:
3
H
1
3
3
3

con-:entmﬂdm
% yield. _
% efficlency.
Crude pm(ein content.
Final pl

Bflact of. ditfarent cwncen:rn\io s of yeast extract. on the
.:. growth and the crude’ protein content of the. h&oumm
:» myeelium ‘grown' in, the peat; x-q,
.’ experiments ‘at ‘a temperature Of 28°C, an initial pH of 5.0,
< an -gim;lon speed of 150 rpm ‘and a remnndon ‘time of-192




>
°

Vietd ‘or Ettotancy ()

"
°

.(-) - Dry ‘biomass coneentmuon‘ : . EEY
(@) = %.yleld. ¥
(4)° = % efflciency. : .
L) - Cx-uan ‘pm(uin. 5 N . . : i
@) - PH. . . “ P N
7 s s &

i 5 ; e % @ L
3 1‘9 Effect of diffé of cltrate’on the
growth and the crude pi"otain ‘content' of the P. ostreatus

.mycoliun gnovm in the synthetic medium in thn ga.ke Tlask-
of '28,0°C, ‘an’

initial pH of 5'0, an agitation- speed of 150 rpm nnd, a

hrmnuﬂnn umq or 182 hours- § . 5




7; nmmniuln pl-msphme to the poat nxtx-act rommad a aunuu pnnn-n.
Table 3.10 (page 49) shows that ‘condentrations of

LF - nigher than 2.5 g/L had a detrimental effact or:the pomh. but. 1.

1 . produced an increase in the' protein content. of the’ ‘mycelium. -This- ~

= ) with the obs made’by other, investigators, that the -
mycelial protein concentration of .a variety of mushrooms could be in-..

creased markedly by iricressing.the smount of nitroger.in the imedium
-(Humfeld and ‘Sugihare, 1952; Reusser st gl.,’ 1958b; Falanghe, 1962;
Litchf{eld, 1963, 1967h; Sﬂvumvn and Bano, *1870). ’ 5o,
Increased concentmtlons of .yeast. extract or nmmontnm Phosphate

s also. produced sncx-aaaad PH values in ‘the media duriig the growth of
o ' the fungal mycslium: m the peat axtmcL The pH >et the synthetic " " .
medium" nlse (ncreaaad durlng tha mycaual mmh whan ihu concentra-. :

o~

tion of the amm citrate was iné o, ais g/L: <However,

_" . higher con ‘ad  inthe pH. - . UL

- Sevam! tncwn may influence the gromh of the mulhx-oom mycouum 3

* in submerged clture. Among these factors are the adequa

qmoum 4

and & favorable

e dnd ‘the kinds o{ curbon and/oz- nitrogen squre

=
qulnﬂ!lﬂve bnl.nncﬂ (C: N mﬁo) of thpqa nutl‘(ent Mountatn (1860).

. and Fll.lnghe et al,* (1964) have repomd (hlt ln px!mnl CiN mlﬂ{ was
‘needad for the al’fac!iw reduction of the lng perlo » 8 mur.lmum -‘ zur
'<-con5umpdon. and a good .yleld. Flg. JJé ahowu u‘a dry blomnl

concemruuon of the ): _m_nu myceuum as a functfon.of uu C:N

. TR RNT.




20.0F . 5 '

Dry blomass conc (g/L)

: 10— o L 1 e ol i
) : e, :N ratlo In m-dlun -

Fig. 3.11. R-uﬂnnlhlu hlm-n the dry biomass eonunu‘tiqnl of the

. ¢ s d'.lucﬂl'lﬂn.tn shake flask - . -
axp.rlmnu ut a t- rature of. 28°C, an initial pH of 5.0 :
-h:)g'ln on” speed. lo:-pmnndnlermenuunndmof 92




.

nuou ‘in t.hn symhadc madmm and ln tha pant oxtmcz. ’rh- opt‘éul

c:N x-udo for B. ostreatus m nbuut 4031 in both me

. - This com=
pares. very' well with. the optimal C:N rato fér the growth of B..
" flabellatus. (Srivastava -and Bano, 1970).

*"The: optimal. CiN values' for

muahx-oom bioman production vary vddely depamﬂnt upen the species,
. the growth medium, and-the iitfons sich as

hgghen yialds ol’ A NRRL 23:!5 .,~ it gmwn" in a glucose
ammonium tnmmtl uym.hndc medium ‘were obtdnl¢ 1n xhu C:N range of :

. PH, ugitadon and aeration. = Reusser et al. .(1958a) reportéd that the -

20:1-to 25:1. Howevér, -with -another strain of:this organism .(NRRL
2334), Mouinr- (wén) obuarve& the 'bnltv growth.in & malt- sprout
axtmnt gluco: 1 msdium in the C: :N range of. 8: 1. to 12:1."' Sharinon and.
stevamcn (1975) obmnad the bebt growth for Ca.!vndl‘i ﬂnm-n my- 3
« csuum grown in bmwary wuatn-ummonium aul{uu mnd!um, Xn._thn C:N
mngacf:iol.tod o, I Py )
4 Appm:d.mnaly the same opﬂmnl. C: N ratio’ found for .the g'powth of.
Lh'e P. nstrelmé mycsnum in the !ym.hn!c medlum and. in tha palt
axtx-act could mean thm tha ‘C:N rudo which "affords  the mnx.lmum

geowth of my rooin myeeltum .in culturs 1s inde “of |

‘the mbm lnd‘the nitmgun sources. Stmi.l.u obiervnﬂenl have Binn. w
mudq by othar lnvndgaton. For exunplo Mercholh hort-nlh ¢rown

in q gl a : -medivm lloue. and in-a

-medium supplnmentad with cnx'n lteap l.iquan, pmduc(d ~th- hfghen
growth at a C:N" nngg ct to 10:1 (thchﬂild‘ 1983) Lhchﬂlld -and
cverbeck (1985) obul.nad opt.uml yiem o! threc -ly-n!n of morel mulh-
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3.2.2.8. Effect of phosphorus and potassiun . e

Omhllan of or po im from the ynt ‘medium

grutly redunad tha dry hlcmua concsntmdon. yield and efficiency of
P. onmtul myculhl gramh (Tablau 3 11 and 3.12). The best g-mwths, k

were with: h s and 3 0 of

. 0.2 g/L and 0.28 &L, y. H.ighqr n did_ not -

) llgn!ﬂennﬂy (P > 0. 05) improve the gmm.h of the P. ostreatus my-
. celium in_the lyn!h}de mdium . ot e o
’ %% : heh Fig. 3. i2 ~shows that” lhe ndd.mnn ot potasuium phosphate greatl,y -

o ostremm myneuum ln the paat extmcl

e B2 .nhnnc-d thc gr,owv.h of Lhe B

- There wu a rapid tnerene in.the g'rowth when 1. 3 g/L of” potaslium'
phalpbau was ‘added to thn med;um. The grovnh condnued to increaﬁe,
9

" with further dditions of. . but at a’ slower - mga

\ until mudnml gz'omh valuea were ‘obtained at 5 g/L. ‘A highepconr ~

i s \cammucn ‘had an un!avarabh -ftect on the grovrth - 1

Tl_-m yl-! of the medium rose ‘slightly during the g_fov;th.an;l‘then‘i

b‘teainq ‘almost . constant. _SAugh‘mrl' et al. (I§11) ‘also _oburvad that\

n ~ol potas 108P highar “thdn 3 0" gIL prod\lced
ot 'lowu'r ylelds: Whnn pomsium phosphata was added to tha medium, the
crude protel c of -the mycs did not sig'niﬁ- .
- cnmly ovsr that. of the dry y with

peat extnm T \-Il, ‘little or no imprnvemem was made in the pmlein

. cnntont of the mycauum by varylng the amount “of potl.ssium phosphata.

. = ’ =, Sl.mﬂa: obnmuom w-n made by Falanghe’ (1982). and Srlvutava and
. Blno (1910) = L R © gt TR .




Table 3.11.

Effect of diff e of ph \“the S

on’ the
gr?uwtuhlof the P. es‘t%!_l s mycelium in the synthetic
medium® - A e

o _ Phosphorus ' Dry biomass® Yield? . Efﬁciuncyz
“Gone. (g/L) cone. (g/L) < ) (%)
. ‘ o | | 0351 0.0 281 %0.44 0.78 £0.08  _
' < 0.11 © 12,44 % 0:54 ' 61.26 + 2.748 27.64.+ 1:.21
0.22 14.68 & 0. 6% 6417 +1.62% 3062 4 1.18
0.3 ) 15327 % 1. PO X 2.24°; 35_;64 £ 1,08 :

2 lTha uyn(.heuc madiun\ ccnsismd of the basal medium, plus 3. 0 gIL
angnonium citrate-and . 45 g/L glucose. . An incubation temperature of
28°C, -an initial pH ‘of :5.0, an ug'luﬂon upeud of 150 rpm nnd a
fermentation time of 192 hours were ‘used.,

2Thege are the mean vulues of at-least lhx‘u mpﬂeute lmplu *
- stand.ard deviations. - The % ‘yleld and the % efficlency were -subjected to
i angular. transformation to find .the mean .values ‘* standard dlvhdonl.

‘The. values in the same column with the same superscript are not #
w aigniﬁmm.ly differenl at t.ha 5% level.
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2 LN B, P =
"' ‘'Table 3:12. . Effect of ' potassium_gn the
P mld the P ostreatus myéelium in the synthetic
. ot s s e
Phogphorus Dry blomass? - Yield? Efficiency?
* cone. (g/L) ¥ _cone. (zIL) %) . * (%)
- -~ _
o - 0.43£0.00 ©  3.04%0.37 0.96 5001
(7 A 12.68 £0.89  .57.95 + 1.84%0 28.18'+ 1.98 -
- 0.28 14.68'% 0.69% - 64.17 + 1.62%° 32,62 + 1.76
o 0:42 . 15.49 £1.18° 5.97'+ 2.09° | 34.41 £ 268 :

x'l.‘h- synthetic medium conuiswi of the basal medium, plun 3.0 g/L

jum. citrate . and 45 g/L. glucose, = An - incubation' temperature . of|

..287C; an tlal pH of 5.0, an agitation speed of - 150 Tpm nnd Y

!umntadnn time of 192 hours were uud. eh 3

- *:nuu are the medn values of at lout Lhm repuatu samples +

- standard deviations. The % yield and the'% efficiency were subjected to

/" angular transformation {0 find -the mean values + standard deviations.

i The -valueg in ‘the same column with the same superscript are not
., significantly different at the 5% level.. y &




k.

: (o) - Crude protein.
P '(!)-MDH-'_

. Fig. 3.12. E!‘teat af KH,_PO, , on. r.h- gmmh and the crudn pmmn
Ly contsnt of ?.l&’ ostreatus ‘mycelium grown in ‘the peat
R ‘extract in the.shake flask experiments at a tampunturn of
o " 2BC "an initial pH of-5.0, an’agitation speed of ‘150 rpm’ -
L) " ~and a femnmuon d.m of 192 hours .




!hlpwthdth.muhmmyulbm v . " 4 o
The_ resuits obtainsd with 3 added to both the | -

&

thetic n and the. peat axu-nct, indicale that the P ustmnt‘us’

had a rem for_the r and potas-

‘, um, - It was ohnr'ved t.ha;t‘ha numerical v'al\m for the dry bir;mz;ss

‘concentration obmnéd in. the iunl extract mer_l.lum.supplememad with 5.2

.- gl : was not it (P > 0.05) from
" that supplemented withi'.0" g/L yesbt extract. Thé'latter provided; in
addition to nitrogen, trace nutrfents to the medium. ‘The good growth

ohi‘nrv-d for the .

- added tn thn msdlum was in. with the o tions ‘made éy

ostreatus when ium’ was

oth r_in ; -thnt jan, the Qmmh of mushioom

mycn].lum. For example, Srlvastavn and Bsno (1970) observed that- the
omission of phoaphnte "from tha med!um hmpered the growth ot‘ P

mhalh!ul in a glucnaa-mmonium d!mtc medium. Kosaric and M(ynta
g (1981) "alsd ‘obsarved an enhanced growth: of M. esculanu when potes-
'llum phnlphnte was added to a’cheese whéy msd.lum Hawker (1968)'

and. Slnukly (1978) ‘have reported that fungal cells have large quammes
nf phmphoruu and, therelore, 1: should be lncluded in the mad:um for !
their g'romh

Thn good gﬂw‘!h ob;grved by supplamenv.lng t.ha peat extract with

also firmed *‘the r ns* made’ by several invesﬁ-‘ ey

+/Y © - -gators, that peat .extract supplemented with phosphnta was a very gocd-
mdlum for m!crohhl blomau production (Quiarzy et nl., 1519-,
s Mdnughﬂn and K\‘xater, xsnb).. Most ukaly, -the addition of phoaphnu

/




y o b ) ) : T d © By

maintained the pH in & range suitable for tha'grow!h and’ _comp’onﬁud ;
for any phoaphnrua deﬂdantleu in tho peat uxtﬁcl, Pholbhguu FLI

“ased. i the: cells for. the. Y of .enérgy : s coms _

7Jm\.mdxl ‘required for synthsumng complex organle suhlhncan (lek. N

" 1988). ) SN . g : i
©3.2.2.10. ‘The jed effect of ph o and yeast *
' extract

" The -results of _the nutx'hnl uupptemnudcn o! lhe peat axtmt :

showed that pomaium phosphnt or - ymt qxtract cpuld be used to~

W enhance the pmducuon of the P.”ostreatus dycelium‘ in a peat extract .

‘medium. Conset y it . 1

gate the uffml
of’ ccmbining the -two sourcsu of nutx'lanu on the - growth and biomnl

pmducuqn of thn . ostmatul myceuum in pest extract. Vnr!nul

of N of )5 and yuut -xtrlct a0
- N ™

“were {md, and the results dre- sumrized in, Tnhle 3.13. It ‘was

- appm'em~ that the uddlﬁcn of both nutrient ‘sources to the peat extract .

"m_' . enhnncad ‘the growth. Pl & .
The ‘highest dry blaﬁuu eoncanu,uon of 6.8 g/L was obmnad at

"

“the : ' tested,  1.e.,  when 5.0 gL
- -yeu! ‘extract and 3.9 g/L potanium pholphats were’ ndded. .tothe ‘peat

axtrnct. " This: P an: ' in “the biomass concen-

tmuon of about 37% over um producnd by adding 5 0 g/l. yeast ex-
tnc! u.lona and an inereul. of 51% over that ptoducad by ndd.(ng 3.9

, gIL.. ; _dlone. éver, it'was that, there -
’ ’ no‘ ligniﬂen.nt dﬂhrsncel in’ the g\-owth wh-n other camblruu.onl




" Table 3.13. The combined effect of yeast extract and KH,PO, on ‘thg
@ : - growth of the P. ostréatus mycelium in the peat extract’

i Yeast 2Dy’ g Loam \
* extract . KH,PO . . blomass sl - 2
. come, - comc. - cone, i Yield Efficiency
(/L) " @l (glL) B O I (%)
) 0. 1.08% o.osa‘ +1082, 7.55 £ 0.15
26N AT O e s 20t anisr onee
‘a Yo A EL o 110G T be R 1 e
3.9 ' 4.51%0.11 .99 ¥ 1.499°°  30.03'¥ 1.92°
1.0 -0 2.24 ¥ 0.05.," 30,35 o.nc,' 19.50 * 1.,zz‘bc
’ 413 47683 0.27 % 58,80  2.607 . 31.45 % 1,487 -
2.6 5,25 %0.0 62.45 ¥ 1,357 34.75 ¥ 1.21°%
3.9 ©5.51%0.15 -68.70 +,1.70% " 36.70 +'0.71°
: : . o
: 3.0 0062 Do, 26,26 + 0.08%
: 0.199 40:40,% 0.990"
0.16, 41,04 ¥ 1.587
0.18% - 71,26 % 41.65 *,1:25°
5.0 ] 4.98 % 000887 60,02 + 12148
! - 1.3. . 6,18 % 0,060,  70.25 % 1.1&;"h ;
<28 8%0E0.16,  T1.25.% L. g
3.9 6.80%0,18 73.05 % 2,47
-~ 5 3 s :

Peat extract dilutéd to a 1:1 ratio with water, an. incubation
temperature of 28°C, an initial pH of 5.0, an agitation speed of 150 rpm
nnd a formentation time of 192 hours _re “used.

1 Thua are the mean values of ‘at least’ three rapueate sampleu &
N sbmdlrd devinﬂnna. The. % ytald. ‘and the % efficlency were subjected to
angular- transformation to find the mean values +i standard deviations.
The values ‘in the same column with. the .same- superscﬂpt are .not
: !igniﬂmndy dﬂfaunt at the 5% l‘nval




o! nutrients were used. For examp)o, thsn was no llgnmun( d!l-
fmnu(?)()os)mm.mmhplmunn!win[/t.ndmon \s

5 af 5.0/3.9 gll:. for' yeast extract/
3.2.2.11. '{““ of dm and ! . ;
It has been reported ‘that some minerals, when added in small, | *
S comntnuani to ‘culture media, enhance the gmm; and the flaver - © 7

development ol the mushroom mycnllum (Humfeld and Sugihara, 1852).

‘ Thamtore. ‘tbf effect of mnrnuium nnd manganese on the mwth c’l the *
vt . .. . P. ostreatus n}ycel(um was studied in th!.l work. Table 3.14 shows that _

s ol the, ndd.ltion of mng-nnﬂun to-the pnnt dxtrnct had. an 1nh(b1:ot(’alhct :

! on-the g-mwth of 2, onteutuu '!‘hn concnntruﬂon of ug'nnium in-a

synthetic m.dlun nud-rl (er the maximal mmh of, A camp was "
‘20 mgll. (Humhld and Sug;lhus 1952). T)u mqnulum eoncnntntton .

‘of'.hppeat-xtnct rulumdtoul.l nﬂowl(h wltarmabcut 130,

.

mg/L. Thus, further ‘of the u ? { might .

have the  optimum

for the grvvrux o{ the B. n-u-utu-
ny\:nlim " Varying the eonennmﬂ;on of manganese suifate lddud 1o the
medium- a 1 (P>005)inthcg'mmhln
!he nnga 0. xo and o 15 g/L, but there was no significght differemce (P

<.0.05) m th- gmth at’ mnmnmﬁnnl bllow or abo th range lnd'
lhn gmwm in- um ncn-mnngunen luyyhmnntod pu! extract ('A‘abh
3.15). Konrlc nnd Miyata * (198!) oburvcd -that" addmon of .mm-

or. m dlrl not ase' the bjomass ymducuon of M."‘ ‘»

gnlga 13227 I.n a chnu whey md.lum



. C114
Yo RSt ROt

. Table 3.14. Effect of ugnnhm and unguun on t.hf growth. of’ the
»P. u__tymyeel.(um the peat extract” *

E ugéo‘ MSO, - Dry blomass® viewa? Efficiency?
(0.80 gLy (0.20 git) conc: (glL) ) ®

20 0, 6.48 £ 0.16%  71.05 # 2.47%  41.04 + L.58%

+ 0 160.67 £ 130 * 34.43 ¥ 143

0 + 72,01 + 1.45%  41.83 # 0.78% E
o L+ ¢ - ssirom 63.40 £ 1187 - 3a.os'§ L. R

Ipeat extrict diluted to a i:1 zatio with vatdr, phis 3.0 &/Y yeast
extract -and 2.6 g/L KH, PO, an incubation - temperature of 28°C, an.
initial pH of 5.0, stn lpaad of | 150 rpm und fermenmtion t!me o

+of ‘192 hours were u d.

- 'J.‘h-u are’.the mean values of at hnt mrn npliute mpln Hon B
lundlrd deviatiors.,. _The % yleld and the % efficiency wure lubjdcted to
" angular transformation to find the mean. val
‘The .values .in -the. same .column with the’ uxu aupnncrlpl m rwt
:.izn!ﬂelnﬂy different at l.ha 5% laval.




: Tabl:’s.ls. Effect of of thie
¥ ‘growth ‘of the P. outreams myceunm In the mt utucll

.. maso, Dry S - 'ixe_ld’ . Efficlency®.
. cone. (g/L) conc. (g/L) * - (B %

P

6.48 + 0.16% T oaes +2.41% | 4Loax L 50‘
ee0x016®® © Tws0 o asol 4t
6.80 + 0.18° 1750 ¢ 1 28 o4 14 +0.85°
3.53‘; 0.11° 72, 3+ 145 L 48.48% £ 147 s

N
6.66 ‘g'o.u‘“’ ) 11,‘61 +1.50% 4183 + 0.78%°

= Pent extract -diluted to a.1:1 ratio(with water, plul 3.0 gl% yeast'
axlmn:t and- 2.6 g/L KH PO , an mcubnuon temperature of 28 C, an
initial pH'of 5.0, an ugitadon apead. of 150 t'pm and a femontnuan time
of 192 houx-s were uscd P . .

[ ’l‘heue aré ‘the mean wluos of at leut thm repuu(e smpln *.
standard deviations. -The % yield and the % efficlency were subjécted to
angular transformation to'find the meafi vnluqu + standard deviations. -
The values in the.same column with me same_ m.\parscriptl are .not
sigmﬂcanuy different ‘at the 5% uﬁax W




3.3. Bun:h fermentsr .xpu-!.unu . - ~

331. Agihdcnundunﬁon E g
" The aﬂect of nginn:lnn speeﬂs (150 to 250 tpm at 50 rpm 1ntervnls)

. and mmdnn mtal (0.5. ‘o 1.5 vvm at 0.5 vvm Lnterva.ls) on the growth

of the P. ostreatus mycellum ina bntch tarmenter was tested. The'

results are pnuntﬂd in Fig. 3 is. Mmdmum growth wha nhmimd at

200 rpm.. There was lelu gromh at higher nnd lower agitaﬁan speeds,

) at all- the unﬂan rates tantad. Fig :’13 also shows that the best

mw!h was obmned at 1.0 .vvm_ at all the ag'nauon speeds: tested,

Thus, the npumnl agitation speed and neraﬂon rate for the growth of g
P. ostreatus (withm thn ranges ot ‘the' values testad) were 200 rpm and ©
J. 0 vvm, x'eupaodvely The lnﬂuunce of tha ‘agration’ on the effect of

thu lgiudou upaad ‘on mn gmmh, and vice' vam, ware also ohservad

: For mmmplm the dry hiaman cdncentmt:lon was sughtly h&gher at 150 )

rnm Lhan at 200 rpm whan the’ aemu.on mts wag 1,5 vvm,; whi!c there.

wu no uignlﬂmnt dl!femncs (P > 04 05) hatwaerx r:orrespondlng values.

# ct ‘the dry_ bimnass concentn\tion at 200 rpm and 250 rpm fox- «the 'same’

nnﬁa rqn. [-lowavar, a hlgher yield value was obtained at 200, rpm,

lmumﬁng that’ the growth was, ln g\enetal, better at 200 rpm. It was )
allo uhlarvad that at -n levels of agitation speed tested. tha gromh,_
‘was hcnnr at 0 5 vvm than at b B 5 vvm. The grcwth parameter. values‘-

u 200 rpm and 0.5 vvm were not :igniﬂeanuy dn’famnt (P >0. 05) from

those ut 1.'10 rpln and 1.0 vvm or thou ut 250 rpm md 120 vvm.
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i S 3310, Effect of ’nd tion on the’ (TCH)
“The relationship between ‘the residual TCH' concentration in the
. peat extract medium-ind the agitation speed at various' seration.rates is
! -hmm in Pt[ 3. 14. It can be seen that the eomumpunn ;-'nur of ux;ba-

hydrates fol.lo\u a similar p-ttcrn as the grevn.h parameters. _That is,
more ;‘rbohydmtu were consumed at 200 rpm and 1.orm, the o_pdfin:l
.' values for the growth of the Iuj\‘guq,-thn'n at other agitation !‘pﬂédl and
‘nnﬁon rates. fested. _ It was also observed that Bt 1'5 vvm. more
cu-bohydntu were mnxumd at 150 rpm than’ u any othar ngitnv.lun
_ speed tested. This ssponds 'with' the g vation um thej high
dry biomnt conconu'lu.on was oblnln-d. “at l 50 vvm, when thu agita-

“tion lpnd wu 150 Tpm. ~Also, at 250" rpm the amount of mrbohydntn'
ennl\unpdwu ‘r-ur-tos vvm than at 1.0 vvm, even though growth

was bettér at the latter aeration rate. This means that the process nu' =

. 1ovmwumnpmducﬂ’n,unproduadlmghnyield

v ‘,':.:u. a«mm -ﬂmdqmmmm.muu
- . growth of the mushroom mycelium B
Thn -dissolved oxyg-n concentration d-peudad on tha medium
N __qduunn, and hulur levels of _agitation, lncmud the wmnn tramfu
. enp‘blmy o ‘the mnun: system.. The highu the agitation nplad, '

lndlv nnuen nu. thehigher' the" cvm:-nu'ldon of d!uglved oxygen M

: ln the mdlum (Yolhldl __', ll'f. 1965; Martin and Ellhy, 1935), which h

’




Gl
L)

conc. (g/

‘Residual TC|
ah

»
o
=

. (a) - 0.5 vvm.
e (e) = 1.0 vvm.
(-)-livvm. & .
£ b .‘\

Fig. 3.14. F.‘ftnc'. of nﬁuﬂnn and unﬂbn on. the -uh-znu (TCH) i
" * & uﬁl.lndnn dllﬂng the batch, cultivation of the P. ostrestus

= = the peat extract at an incubation temperature. of
N gsc.-yﬂalsomdnhmnuuondmofxﬂmn
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m.hl for nu pmducunn of . biams by aex'oblc mlcroaz-gnmams

Hovuver, it was nb-ervnd. " that the g'mwth was reduced at 150 rpm

u.ndlorli\rvm e . & Co e
.- The datﬂmntll effect ‘of hlghez- ugitadon speeds on. the growth of

‘the oom my in submer culture could bp due ‘to high m:u
stress_or lmpanar uhnck on tha growing hyphae (Taguchi et al.,- 1sss)

‘Growth “of filamentous lnngl ilwolves an ‘inerene in the’ hyphal langth
(k(zhehto. 1973), whluh appam !o occur ‘at the. tlps of .the hyphaa
(Katz and R« fer, 1871). Du and Harris (1949), and Finn’

(1867) h;va ported ‘that fr speeds. distorted and
S b '
\'fmjmented the hyphae,’ espeéiauy at/the growing tip. This
'phyuiolngy and hence the- growth ot the f\mg‘l (Finn, 1967). “Maitin

(lﬂsab) obtained a dacnnsn in the grom.h of the A, cam gesm mycab Rl

1um when ‘the agnaﬂon upaad was mcmud to nbout 300 'l'pm

"Th- T effect of X tion: rates on the g'mwth of
f\mgj (Falter. 1949) was obsex-vad in Lhiu work when a mducuon in the
growth ot the P. osu‘g 8 mycel.lum was cbta.ined at_k§ yvm at all |
ugjuuoﬁ speeds tested. Cax-hon dioxide has Be:nj‘:med to! \sﬂmume
growth of saver!.l tqui (Hartman et al., 197

. specles (Zadra2ll, 1978). ) has a el’!‘aet in g. |

carbon dioxide from & medium (Fi.\m. 1987). Therefore. increasing the

aeration rate to1.5 vvnrmlght have cauked’ the eoncenmﬁon of “carbon
d!mddo which h nqulred for .the g'mvnh
to be reduced. Another axpl.amﬂon for d trlmerml eft‘ect of exces-
" sive aeration. could be that wh‘inv alx‘\wul,b }:wnllpm & medium 1 the latter

- <k

oy

fects the i

including Pleurotus. .

f the P. ostre ugun myceuum :
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was’ stirred. (Finn, 1967). Thus, hlghnr aeration rates increased the

; overall agimﬂcn of the medlun dnd, thus, caused a, detrimental sheating
stress - effdct on tha culture. The g'mmh was, therefore, high-r at 180

s rpm, than at 200 rpm whan "the aeration rate was 1.5 vvm. The g-rowth

E wag also better at 0 5 vvm ‘than at 1.5 vvm at all agitation speeds.
) tes‘tad; Ot.her mvaaugntnm havu alao obuotved the detrimental effact at
higher asmﬁan n!es on 'the g-mmh of the mushroom myceuum. Litch~

field (1967a) pninted out that anmﬁnn mtu in the range commonly und

Sy, S in othex- uex-obic !armuntatlum could be delrimental 'to mushroom mycel-

ium grovnh Litchfleld nm{ Overbnck ( 196.’-) obmin-d h!ghlr ylelds ot

the ‘morel mushmam mycelium at 0.5 v-vm th.sn at u T vvm. Konﬂc and”

'_ Miyuta (1981) and Kosarie ot al. (1813) havn lllﬂ nported that & v-ry

: | low mmmnn mta was rsquh'e /for‘ ther wowth of ‘the morel mulhroom

! _mycelml‘n In Lhei.r smdlas,‘ an aemdon rate of 0:25 vvm was uud.

. 3.4 Hm-phnlngy ‘\um B, g myealiun m !om .
3 Fl.lamamcus and: pellet growth forms’ et P. gstre t

: oburvad The morpho!.ogy ot 1.;13 growth loz-m was nffectad by lhn

. agnatinn, the aeraﬂon,
o medium, .. [n’ Hoth the shiaké nmk
. with agimélnn speeds ‘of 150 '

1 0 vvm, ‘the growth took pl.nnn in tho fox-m of " peuntl (F(g. 3 15). “The .
siza of the’ pellet dapended on ﬁm srjuﬁon spnd andlar the undcn
rate. The pol.ht s‘lzu eas! with'

the shaka ﬂask expsxd.mnnu, tha uvcng' dianwter of l

45,40&nd25mmnl°0.,1503nd 200rp

y et vacdvaly. In thc




-Péllet_ growth. of the P.. ostreatus mycelium in the peat
extrdct in the shake flask experiments at an incubation

mperature of 20°C, an initial pH  of 5.0, an agitation
speéd of 150 rpm and a fermentation time of 192 hours







_and 1.5 vvm,  Some of, the. disperséd mycelia ‘were. collected on the walls 2 E

of the lermenter vassel and on the impeller and shaft (Fig.. | 3.18). R
- simiar-’ obsex-vauon wu made by LsDuy (1974), and Metz ‘and Kossen

Q. L. g8 -, . T
The addition of yeast extract, siu ate and | [
to the peat extract : the freqy of pellet fo and thietr

. size ln the shnke flask expex-iments (Table 3. IB) The lncrensa\{n the |
pellet size wss about 10 ﬂmes over that produced in non-supplsmamsd B
pent extmct nnd ahaut 2 u.mes over that, pmduced in the beat extract 1
supplamemed ernly with yenn extraet The effect of nutrlen!l on. .
fungal pellat« sizeﬂmﬂ also bsen observed by Morton (mex) 3 ~.' %
 The g'rowth ot‘ pellats was nnt obsax‘ved whan “the inidal. hH was
\‘ . 40, .In the shake ﬂask expenments, the g-mwth ‘was-in the mamentous

- form at all tempemtures and.all -agitation -speeda tested when the initial

PH was 4.0. This- was in agreement with the ‘observations made by
-

n{éh@m&— 1. (1988), and Bent and Morton  (1363), that "growth of

. fungal y 2d only .in the filami form at the minimum ~ _ .
t 3 ) 3 .
/ pH values’ !ér gromh. :

Pellam produoed in tha symhatic medlum were sialler, smoother

and more : compact than those produced in the peat extmct (ccmplex

" media) (Fig, 3.17). This was in disagreement with the observation by

“Bukhalo_and  Solomko ' (1878). They observed.-that pellets’ of P

' ostreatus grown i complux med.h were smcother and nm‘e campact than

those’ Producad in [ sy'nthal.(c medlum.




P

[A], pallats (3.0 mm in d!.amntnr) nher 144 hours of fumlnudcn
‘at an -aeration rate of 0.5 gvm, an agitation spnd of 200 rpm and an
incubnunn temperature of* zs C. o

[B], dispersed g-mm.h on ma aidu of the fermnntcr and -on the
‘impellers, _after 144 hours of fermentation at-an aeration rate of 0.5

vv&n an agimdnn spaed of 250 rpm nnd -an incubndon !lmpnntun of
8°C. -, . §

&

a 2 - liter !am-nnr

l‘ﬂg., 3.16. - Thu growth of the B. ostrenul mycnuun in \hc ‘peat extract ,‘
©oin
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e Table 3.16.. Effect of nuu-hnu on thn P. ostreatus p-uu m. in the
shaka flask experiments -

. , . “ Pallet size
Medium ks : (mm: diameter) .
~®Peat extract’ 0.5 - 1.5 - 5
. . . .
Peat extract " SR s
5.0 g/L yeut extract 3 3.0 - 5.0
Peat extract + ’ , e £ . %
3.0 g/L yeast extract, : . 3
2,8 g/L KH,PO, and ' - 3
T Yo g MnSO,2H,0 " . 7.0 - 10:0 ‘

. . = e
Pu! extrnct d!luud w a 1 1 ratio with' water; an incubation
-temperature, of 28°% C, an initial pH of 5.0, agitation rate ot 150 rpm and

B .8 tamantlﬁon dmn of 192 hours were used.




o N R ]

[Al, synthetic medium.
[l!, Ppeat extract.
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3.4.1. Pellet formation - e , 2 % S

: Thé ‘formation ‘of pellets is shown' in Flg. 3.18. 1t can be sean !
- - that .the formu'.lnn of pelléts. wu due ‘to the agglomemd.en or. agg‘reg‘l-

¥ ~ tlon,of the hyphu (Fnstef, 1949). Thus, small portions of the fungal _

“hyphae (A)-grew and uggregu‘ted into groups of mycelium (B) and then )

the initial type of pellet was f!;r'med '(C). A young pellet ¢D) of about

A 2.5 'mm in diameter showed -;nany growing’ tips of hyphae a’mgnd its

peripheral a‘ux-rnce. Similar stages of pellet fox-mn;lon. of morel mushroom

myceilum in shlﬂte waste liquor have ‘been veported by LeDuy TIEAY.

Martin‘and Bailey (1885) also observed pel.le( growth of A. campestris
B by agglomeration. L .

. 3.4.1.1. General d!acuul.nll affacl of agitation and Beration on the
= gmwm form f . . o W —
It was obperved ‘"that pallet xx-owth occux-red ln the - shake ﬂd!k,

= . experiments: at’ all agitation spesdst tesled but the size of the pellet '

wuh r speed. In' the fermenter, " pellel

growth was ohuq(’ved at agitnucn speeds of 150 and 200 rpm whan tha

B asl‘nﬁon mle wa! 0.5 n.nd 1.0 vvm., Whén the aeraﬂon rate was 1. J

vv, only dhpeued myceua were ohséx-ved at a(thsr 150 or' 200 t-pm,

The growth ‘was ln (he !orm of disperned mycau.n at 250, x'pm at all

-aeration’ mten‘ tested., The size of tha pellels formdd in the tex'mantel‘

was lmulln- \han that of the pena!s formad in the shake flasks. Thus,
xhs sizé of lhe palle!e dependad on_ !he type cf lgitauon and- anmuon of

'the mﬁdlum (Block at al., !1953). Yoshldn e_t_ al. (1965) obmned a

decrease in’the pellet u;e with incregsing agitdtion ‘speeds -and seration




d B .[A]. pomons of fungal hyphu L ;
SR 1, uggregauon of hyphae into. groups. of mycellum B

(€1, mitial peuet formed.
" "'(D], young pellet (2.5 mm in diameter) showing growing tips of
hyphae around its peripheral surface.
| i 263 urien ; .
ok i, . Scale’ applies to all photographs.
The toi‘n;n\tlon of the P. ostreatus pellets in the peat
xtract X

H T Figure 3. 18.
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rates. Kosaric and Miyata (1981), umi LeDuy . (1914i obﬁw-d a- de=

crease in-the pul.lut ‘size and,"in some cases, obtained persed . mycelial

growth at’ blghex- aeration .rates. . Litchfield ‘and Ovubaek (1905) m-
ported that inycelia px‘od-ut.\ed at 0.25 vvm were in_t?}q pellet form, !hnu
produced at 0;5 vvm were in the fﬁilﬁmnm‘u;i» form, wh!.l; those produced

at 0.7 vvm were filamentous and slimy. - Taguchi ot al. (1968) have

reported that \‘.he phyliml effects .of ngimuon on the myc-lhl pnu-u in
macha.nlmny agitated and baffled n a d ) in the

" diameter of the pallatu Que to thu chipping off of pemc\n from thc
surface of the pdl.lov.s. and n.lso due to “the d.lrccz rupmm of the :phn--

- ical shnpe of .the pellets by t.ha tip of the' lmpellar blades.

Kimuso(!h-gmm.holml’ utrntnluyu.ll\lmlnth.p-!

. exmctndhuh he o <

'rhe opdmal ; of ature lnit.hl p{l. nocyl .nu.o,

‘substrate. (d.ﬂudon mﬂn) um{ "'speed |

and nnﬁnn n!c were smployed to, stuﬂy the gmwv.h\chamcumues of '

'Lhe P. ostreatus’ yee in & . The_prog ot ‘bagch,

over ‘a ] menta time, 6f 192 ‘hours is shown.in Fig.

3. m, for the dry blomul coneentut.lcn. the mlidunl TCH concentration

3 \

and t.he s : oxygen

Lag phass - | - ) ST 5
Than was 1o nppr.ciabu mwth withln the ﬂrn 24 hourl of
fermantation. This period could uurefon .be described as !hc hg

", /phase. : During this period, pr 77 the colls

to - tha new mdlum by lndudng the producdon of .enzymes, rnquh-od for |

a




"Dry. hiomnl'cnnq; (ﬂiL)'

“Fig. 3.194 Progml of batch. cultivation of ‘the P. ostreatug

imeched

" (8) = Dry biomass concentratién.
(®) .= Residual TCH concentration.
(x) - axypn

Diut‘;lvc‘d -'mg ygen cone: (%)

xceuum )
in'peat extract; at incubation temperature of 287C,"pH of-
5.0, agitation speed of 200 rpm and aeration rato cf 1.0

. vvm




- changes. ° L

“and by i g the protein synthesis machinery - -

" (Righelato, 1875). Howaever, there was a rapid cohsumption' of carbo- .

hydrates and a rapid utilization of .t.her dissolved oxyg%n.‘ This could.be
due to the fact that the rates of enzyme activities duch as oxygen

chnsumpd.én, carbon dlmddjt; pMucdon Qnd the evolution of heat were

“the same on a per‘ unit of \ﬁelght. buqii' during the lag phase as

during the logarithmic phase (Luedeking, isiz)._ The lag phase was’
shorter in the fermenter than in the shake flasks, as there wes no

* appreciable growth in the shake' flask within the first 88 hours of

fermentation (Fig. 3.8a, page 8‘1)' Moustafa (iseo) npém‘d that . 2.
- 120 hpur lag puﬂorl -)dsted befcm iﬂ:onmnanus g'rowth of A.\
Mauﬂa took placs ln ~a synmaﬁc madium. Kosaric nnd Mlyut(
(1981) observed a lag ynrhd of 48 hours’ during thc g-rowth of M. .

. :_:msimu in cheese whey." Bukhalo and Sulnmko (1978) observed that .

the . culture of g.‘;‘ ostreatus IMVF-NOO grew pracﬂml.ly witholit a l.lg

a phase in ‘a fermenter. In thi.l work, the shorter lag phase .in the

Yermenter could ﬁa due to better controlled growth condmnnl. T o.
lass conu-ouéd growth conditions in the shake' flagk might have nlfoctad\‘
the culture, since cel.ln inthe .lag phase are said to be "phyulolog'lcany

younq‘ (Luadsldng, 1972), and are

152. Amuhnudmdmullml\ )
!t was obumd that v.here was a mpid growth of .the cell mass

after 24 hours. of fembmaﬁnn (Fig 3.19). This pnrlod, after the lag !

phm could be deucﬂhed as a ntaady state whan all’ the nummul'

_31(-\1 t whlch ‘the ef ‘the cul.l hnd hum up
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to e rate” (Lug 1972)." T " with an excess of all

' _-the lublmto ‘necessary for growth (und in the .absence of- inhlbhors),_

V.h.rc was & rapid lncrem in-the cell " ms It was obsarved that the

= growth was tnster. vm.h a hizher concantnﬁen of the dry ‘biomass, in

“the fermenter than in. the shake flask.- The Mum biomass concén=
“*tration in the famanier re‘éd ‘8. 70’3/1;. (’u‘campareqlte 6. ﬁ g/L in ’

nhnk- flask) within 98 “hours (as compared to"192 hours in the shaké

¥ ﬂuk). The amount of cell mass pmduced by a unit amount  of cells in

" a unit fme (the specific growth rdte) is constant during this pmnd of

np(d grcwth and is dependent on thu cell ooncentx-nﬂon (pm, 1966;

Righelato, 1975). It is represented by the equadon:

s
"
%

la]

Uppn'lmug‘mﬁan of ‘the equation’ [a]: i
In X _ )

 where X 15’ the cell concentration,’
u I.u the specific growth ’mte. and -
tis uny time alter the lag phue,

Thus a t hatween cell en n and time

E: could be during Ihs 3 phase of grewth : A gmph

ol the logarithma of the values of the dry binms concantmﬁon Sf “the s
mlcrourglnhm versus _time’ lhould produce a” stmigh‘ -line -for. the
lccnlnmnd phase of growth, if the growth is exponendal The slopa of

this line is considered as the value of the s:ﬂdﬂe growth rate.
oy BTSN ¥ N C o
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Several worﬁors have shown 'that } fungi grew

in submerged, culture (Plrt, 1968; Pirt .and Callow, '1960; Borrow et nl..
1964; Trinci, vlses) However.\swnnson and Stock (1968), and Mlndnls
(1985‘) are of the viev] that the {mengoua fungal growth in submerged
culture is not‘exponenﬁ‘nl 'l‘he b(ggeut slope obta!nud in this .work was
‘between 48 and 72 hours of termanndon (Fig. 3.20). However, !hcr-
was -not ‘enough data to conclude that the gmwth durlng this ﬁcriod
followed an exponential ‘pattern. st s

The ohydrate cons and oxygen I in ‘the buteh

fermenter comuponded well vdth the *growth- of tha Q‘ng\xl. Th-
carbohydrate and the oxygen ‘were utu.(zed as the ‘biomass cancantmﬁan
lncreaaed towurdu its" maximum- vnlua. The 'carbohydrate- uuuuuan
contimxed after the maxi.mum dry biomass - concsntmﬁan was ohm!.n-d.
The sugars might have' ‘been mrthar assimilated hy the cell popuhﬂon,
. -and used for cell maintenance or for the sccumulation ct cellular com=

ponents (Kosarlc and Miyata, 1981).

s.szl,necnmmmagmnmnm e
The accelented growth rate ‘continued for only 12 hours aﬂnr
nnset, nnd was followed' by a decline in tha gromh mn which wu‘
ulndated with n constant. vnluo o! the relld'unl TCH concantndon ..nd
a gmdual increue ‘in ‘the D.O.. concantnﬂon. It is probabla thut the ™
“most common, cause of the d-c!.(nmg grovnh rate was a decruln ln the
concsmnﬁon of one of the - rnqulmd nutﬂenu to a gmm.h limiting
( o, 1975). -.The d growth phase associated-

. with the constant valué of the residual TCH’oonce.mnvuon in the.




(e) - Batch 1.
_(m) = Batch 2.
S, - Batch 3.

: Figure' 3.20..- émth ratés of "Lhc.‘g. ostreatus mycelium in the peat
ek e . extract.in three teh.cul'ifvaﬂngu at an-incubation .
temperature of 287C, a.pH of 5.0, an agitation speed of.
200 rpm and an seration rate of 1,0 vvm ...
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medium, after 96 hours of femnudon.’nggg.‘i!ld that .‘m'u_c ul‘ldui.l
carbohydrates npwtad the sugars that were non-assimilable fér the
t‘ungul (Quhrty et al., 1979). Analylh of the fermented broth showed
that only 0.2 to 0.4 gII. of total reducing sugars rmlnod ufter 96 .
hours of fermentation (“. egnpn-ud with about 5.0 g/L residual TCH).
Thus, the declining growth after 96 hours could be caused by a
grpvn.h-umm;ng concentration of the assimilable Iﬁh;!. for the B.
ostreatus mycelium. luzhnlal;: (1875) ‘has reported lh;tréky.pn (due to-
its low solubility in aqueous media) .und. ’u‘rbon sources often y-::Iomc
I‘th-ummng-k} fungal cultures. .Thenforl_; the growth Y;It; became

. a function af the _uuhlt’mia concentr‘attnnn (Monod, 1949), l:l'f\‘l is' repre=
'Qamc;d by the.equation:. ) ' i . .,

"‘mnx&.‘ fe]

whamu hth-u)d.mumxpedﬂcmwm rate, .
k is .the hnl! saturation eonlnm for the uptake of the growth
limiting substrate, and
Sis t.lu munu‘upn of the g‘mwth Umiting substrate.
Anouur cause of t.h- declining growth,rate could be the grovnh of
.‘P. utxuml myc-uuu in the pe\m (nm Pellet growth -was oburvud

.after 96 hours of ,whlch onds wi!h th- tl.mc tm

-b.o. conuntr'luon began to rise. . Ptrt (1“8) has reported that whln

peum exneed a c-rnln diars 3 g oxygcn, wm ‘not
" diffuse’ inwards !ut enough o maintain an exponential mwth of the
" whole pellet mass. ~Thus, the restriction of ‘the diffusion of oxygen into
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the p.l.leu might have enunad Y-he D.O. concentration to rise alter the
-“onset of ‘the p.l.ut g-mwth and a decline in the growth rate due to_
lutalyll.l n the cex&iu of tha pellet (Phﬂnp. 1966). Another &xplana-
‘tion tor cho rise in the D.O. concentrations-is that pellet fom reduce

" the vueemy o( t.ha medium énd enhance_the oxygen transfer to the
fluid (Righelato, 1915)‘ . ) .
Bau\ue of the to the of the into the

centers . of the pellets, lt has been reported that the growth ‘proceeds
‘only at the pcx'iphary. nlnce only that ane would have uufﬂcient sub- -’
'ltl‘lﬁl to mlnmn the, expamnﬁnl g-mwt.h (Pirt, 1986) Henca. the
gromh of th. pellets ﬂt a . cube root pa!mm “better ' tham it fit the
lognﬂthmk: ‘plot (Marshall and Mlandar. 1950, Pirt, 1868), and can be

v

by the |

x1/:1 - x1./:! - kt L [d]

where k sa constant. B
. -~ Due to:weak dlffuuion of the oxygen to the mycel!nl cells in the
cnntorn of the psmu, theu calln undu'go lysis, ‘which decreases the
yleld nnd ?.he prote!n content of the biomass (Bukhalo and Solomko,

_ 1978). Ver, one of Lhe ntag: of the grcwth of B. ostreatus ‘
in the pcl.ht form was- that the recuvary of the biomass only involved a
fﬂtr:mcn operation.

3522 Blomass yum (v)
As it ‘was dn!lne\i el.aewhere in this vrork, the yinld is given by

the -quunrr




) s—-x—s; . )

whe‘re S, is the miﬁal_ substrate concentration (g/L), and  ~.
S is the final substrate concaﬂ!munn (g/L). 3
'].“hA substrate was usun;ed to be the TCH (Solomon'll. 1975),

because it was the. carbon and energy source employed in this v;ork.

The value whﬁn as a (Table 3.17)

compms very well with that rep by ‘and Stev (1918)
for the P. 98 Enms mycelium grown in’ preu uquox' (bnwox-y waste).

© They obtained a yieldvvu.lue of 69.1%. Eddy also ropnrt-d a B.

‘streatus yleld ‘of about 50 to 62% when it wu—cul-ﬂvaud—in § medium

wkh complex carbon and.- Y sources. G and

R Humfeld (1952) réported a value of 100.0.to 125 0% for the same orgu\-

ism when :it. was . cultivated “in .a synthetle madium. Crueger nnd.
Crueger (1564) 2 and Sinskey . (1978) have stated thnt yield . valun aru:

not it and are on p such as thu

biomass’ ceneantmtton and the specific growth mm, and on  chemical
- parameters such u the D.O. concentration, the C:N ratio, and.the

phouphcrus contam nt the medium.

“'um’ﬁa‘m this work and fhose clted -above are
quite high, when the yleld lram ¢lucon o{

appm)d:hanly 45 to sm (Sinsksy, 1973) is ccnsldand Hewnvar, ina’ -

complex medium, than could. be many o!hnr soufees of mrbon besides

the mbohydn\cu present, such as amino acids, lipids, oz'gunlc -acl

and higher alcohols (Solomons, 1975; Huwkel;, 1968). LeDuy (1981) has

reported that about 80% of the amino acids, 50% of the non-volatile

\




Table 3.17. Eétimated: biomass: yield and productivity valyes for the P.
ostreatus mycelium grown in the peat extract™ in batch
cultivations in a controlled fermenter = ° :

\

Parameter ‘ Mean? .
*Yeld (), ) . 71.88 %1.83
Productivity (P, mg/L hour) . 10.16 *1.25

. lpeat axtract diluted to a 1:1 ratio-with water, plus 3.0 g/L yeast
“ektract, 2.8 g/I, KH,PO, and 0.1 .g/L MnSO,H,0, an incubation
temperature of 28°C,. a’pH'of 5:0, an agitation spdbd? of 200 rpm and an

ration rate of 1,0 vvm were u " . - .

. %These ' are the mean values of three mplicmé samples + standard '
deviation. . : Co- . . "




organic u:ld.l md 'S0% of the hydroxymethylfurfurol in peat extract are
utilized as carbon® sources by for the - of

biomass. Cannquont.ly, high yield values have been reported by olhnr
b S Fo for some 1 mycelia ted in’ complex. mdh .

For example, yield values of 74.7% for A. campestris grown l.n beet.
molasses (Reusser et al., 1958a), 86.1% for Boletus {hdecisus grown in
vinasse (l-'u!:ngh.. 1982). and 64.0% for T. nudum grown 'in sulfite -

waste Hquor (Reu lpn, et al., 19588) have been reported. The most
accurate’ yleld value can, 1 be l! it ‘s as

the amuunt et cell mass produced p-r mm ot unit weight of carbon in
the -ub-mn consumed (Solomons, 1975; Sinskey,  1978; ‘Shannon -nd
Suvan.lﬂn. 1975). Sl.nu the -carbon_source for the SCP’ pmduelhn is -
almost always the most omons (1975)
has suggested thnt high yteld factors could be o{ great Jmpemuu in

3.5.2.3. Productivity (P)
Producdﬂty is the dry biomass' concentration, in grams- per liter
of medium, produeud per unit time, and it is represented by the

equation:
b
2 [§)]
$ t %

.where X, Is the final biomass concentration (g/L),
« X, is the tnitial biomass concentration (g/L), and

. ; t is the Cultivation time (Kours) from the lag phase to the
beginning of the stationary phase. _ .




The pyoducd‘vity, -or. the mno\mt of b!.omau producnd per unit.
volume per hour, whs npproximanly 70 mg/L/hour (Table 3.17).
Unfortunstely, there is no ‘data in - ‘the literature aveilable on the

B, ty of Y grown by submerged culture.

Hamvor. Sinskey (1918) hu reported thnt a high pmducﬂ?&y is more
essential than high gz-qwth mus, anpeclal.ly in cenﬂnuo\m culture

processes. Pmdal-l_.bpezv'e_t ‘al. (1978), and Chang (1955) have

- ) ed that_ inc trats . higher
. -productivity values, o oA . ' .
" 3.5.3. Genersl discussion: gm'.h kinetic parameters of the mushroom
p . . R cutburs .
Mnny ‘papers on t.ha grom.h of 3 (fungl) refer

. to the ‘biomass . mncentmuonn obtained - after a certain number of hours

2 of butch_g'rowth. rather than to the- growth rate nnd.thn doubling: time.
- M this work, the maximum. growth of P.’ gstreatus wes obtained - in 1912,
hours in shake flask nxperi.menm and in 98 hours in‘an ng-mned and

" aerated tamnter Hadar and Cohan-mzi ‘(1988), using ‘the same

(an 5 of zs"c .a pH of'5.0,

m ngitadnn upnd of 200 rpm nnd an mmuon rate of 1.0 vvm) obta.ined
coa biomass c ] of g. streatus i‘?z ‘hours in a
formenter, end -in 144 to 168 thous in & shake flask, In & ghicose *
medium. Buk.hllo lnd Solnmko (1973) nb!dned. the maxim(xl'n g'mw'(h of

R ® il the P. ostres reatus myeeuum in se hours in a fex-mantet gnd 120 to 168
Sl hours. in a- lhlkl ﬂnk.. Howavar, the P\. ogtreng growth rate of 8.7
. g/L dry b{omul m 9 houu ln t.h!.

rk wis supex'lol‘ tq t.hnt of hoth .



A. campestris (5.0 g/L in 192 _hours in.peat extract) (Martin and

Bailey, 1985) and M. crassipes (22.g/L in 350 hours [n chee:

(Konrlc and Mlylt‘. 1981)

3-8. Composition of the biomasa

3.8.1. Proximate composition

whey)

The of the main of the biomass

are presented in Table 3.18,
the fruiting bodies grown

with the col values for

solid ‘peat. It.can be seen that there is'a

of the g in the.

high between the '

peat extract and that of the fruiting bodies. The bnly notable differ-

ence was the higher total lipids content, and lower moisture and ash

‘of the 1

dontent of the fruiting bodies - -

The
very iwv'lth those . port for. the P.. ostreatus ,
1 by other (Bano et al., 1963} Khanna and Garcha,

1986)‘ When the values nf the TCl-I (N-free) and the cruda fiber are

combinad, tha value ohtuned comp‘rn very well with that rapm-nd lox-

'_lhe TCH content for P. ostreatus by Cho et nl. (1981), but lownr than

those rpponed by Blno and Rn]unlhan (1982), and Khnnm and

_Garcha (1984). The total llpid; content, of thn mycelium was within the

" range of valuu reported by Bukhalo and Solomko- (1978), but mzhu'

than' that uhuuud by Hadar lnd Cah‘n-Arlzl (1858) The ash cqmant

of the fruiting bodies was similar  to the vaiue obtained by Bano st al.’. _

(1963) on a dry weight Wis, but lower than that reported by Khanna -

and Garcha (1984).




S Table 3.18. Pro ¢ of the B. blomass (% of .
L . dry weight) : . .

. Mycelium . ) .-
Peat , . Synthetig Fruiting
extract’ o medium bodies
Molsture? 80.5 + 1.8° wia +1.5% 8.1+ 1.3
TCH 35.2 + 1.5%  36.5 +1.1% 35.6 + 1.3°
Crude fiber. 5.9 + 0,520 6.5 % 0.5°
i Crude protein 40,1 +1.8% 36.0 + 2.7°
3 * Total lipids 3,7 + 0.4% 2.2 % 0.2
0.0+ 11 -

SAsh. 7.9 + 0.6

X Thena are the mear values of thm determinations of three
. regllcale samiples '+ standard- deviations. .The values of the same row
with the same ipt are nol\ at the 5% level.

N Zhluisture % wet" weight). .
Peal extmc( diluted. tA a l ‘1 rvatio with H20, plys 3.0 g/L yeas( 5
extfact; 2.6 g/L, KH,PO, and\o Ug/LnS0,  as ueed.

IR The synthetic. medium conxisted uf the basal medium, plus 45 gIL ¢

‘glucose and 3,5 g/L ammonlum citrate.’ &




3.6.1.1. annhlt %
The crude protein content of the mycelium produced in the syn-
thetic medium ‘was low, but the protein content of the mycelium Zrown
in the peat extract was not llzniﬂmnv.ly different (P > 0:.03) lgom that
of the fruiting bodies. 'l‘hn crude protein content of .the mycelium.
‘produced in the synthetic medium being lower than. that of the mycelium -
produced ln the complex mcuum‘h a common phenomenon among fungl. 3
i For amplu..lleulnr ot al. (1958a) reported that M. hybrida had only‘
10.5% of ‘protein na glucose medium, but 34.8% t;-nd 37.5% of protein in
molasses ‘and waste sulfite liquor media, rnp-étwnly Kosaric @t al.
(1973) ohu(nad 48.0% crude pm!nln in mdrel mluhmnm myccuum lnv
Mg-waste sulfite fiquor, in compu-han with 19. ‘li prouln when grown in
a glueoaa-bmd synthetic md!um
The high “protein content of tha P.. ostreatus myuu;lin grown in
the peat extract is a most si t characteristic. ‘This.value was™
higher than those npo‘rud for the P. ostreatus mycelium grown on
molasses’ ‘(Hadar and  Cohen-Arezi, 1986), and on brewery wastes
(Bukhalo and Solomko, 1978;, Shannon and. Stevenson, 1875). ° The'
crude protein content of the fruiting hodies grown on s5lid peat was
also higher than tiose feportia toe B, ‘osteatug ‘pecdiced: on . GeheE
aub’-tmta- For \example, Khanna and Opreh. (1984) ‘reported a crude
pmmn content of 27.38% for P. obtreatus

- culyuv-g-d on stiaw.. Thus,
peat e:qtnct has a beneficial effect. on' th-__progng_n synthesis - of ' P.
cstreatus. Martth and Bafiey '(1885) reported that ‘the - protein content
o!,A. mmulirh grown on peat’ cnr‘ac!‘wn‘- hlg)ur than those reported
for the same organism grown on.the nyhnr lubtu’nt.‘u.- A similar oi:nr-
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vation was made by LeDuy' (1981), who repérted that C. utilis grown in

peat extract contained a higher protein content than the commercial

3.8.2. Amina acid mpoddnn

Thn amino m:ld profile of the myceuum and the trulung bodles of
B. ostreatus produced with peat as the basic . substrate ‘showed .the
presence of 17 amino acids including all the éssential amino acids (Table

\
3.19). - It was J that the of the amino acids in
the.mycelium were, generally, higher than those in the fruiting bodies.

Histidine and gluimlc acid were, hp‘wsvar, higher: in t.he'fruiﬂng bodiesj

‘than in '.he mycelium: It was also ) that the duéed

in the peat extract medium had Mghsr concemnﬁons of amino acids i

than in the myceuum producad in Lha synthetic medium.
The alundnl nminn acid concentmt.!onl in ‘the fruiting bodles were
'lowar than thnu reported lur the P.

o!.hor‘ substrates (Khmm‘und Gqchn, 1984) . Howevor, the esunual

uninu acid in the my . grown. in the pegt extract
‘—compund vex-y lavombly with those x-eported for. the P. ostreatus

‘mycuuum grown in beer wort (Bukhnln and Solomko, 1973), nnd in
ki _molunl (Huhr md Cohen-Arnzi, 1986) .. Comparing with. ot.her mush-

room mycqlh g'mwn in varlous substrutal. it was obqarved that the

* - essential - amiino acld concentrations ‘of t.he P 6ntmaﬁs mycelium grown

in the peat extract wer- Mghm- thnn those reponed for the morel_

mulhmorn mycelmm rrown 1n waste wlﬁ!o l.lquor (Kourlc et a.\., 1973;
LeDuy st -al., 1974), for A. campestris gmvm h_z peat extract (Martin

" ‘and Ballay, 1985), and for T.. nudim'grown in glucose medium. (Révsser’

ostreatu! mushmom grovm on
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Table 3.19. The amino acid clompoumon of me B. uctmml biomln
¥ [§ glmog protein)

PR P = T~
- Mycelium !
E o N Peat , Syntheti Fruiting
' Amino acid extract’ medium® . body
: Ala 5.9+ 0.2 3.7+ 0.4 8,0 £ 0.3 -
Arg 43 0.4, 2.4 % 0.2 3.9 % 0.4,
Asp 6.2 % 0.5 38305, 6.5 + 0.8
Glu 6.7 £ 0.9 8.4 % 1.1 9.1 + 1.0
aly 3.7 %0.4 2.1 ¥0.2 2.9 ¥ 0.3
His 1.1 % 0.4% 0.8 ¥ 0.1 19101
Tle 3.5 % 0.2 3.0%0.1 2.0 £0.1,
Leu 6.110.3 4.7 %03 4.2 2040
Lys 5.7 0.4 4.1.% 0.2% 3.9 £.0.37
Met .10 ¥ 01 0.6 % 0.1, L1017
. Phe © 34303 > 2.5%0.2% 12.4 £ 0.3% -
Pro 2.8%0.3 21303 3.3%0.1
Ser ©°3.8+0.5% . 2.1°%0.3 3.8 £ 0.6%
Thr 4.930.3 AR o.z: . T3k 4:
- Trp v 1.2°% 0.1 1.0 % 0,08 “1.0.E0.13
Ty 2.5 £ 0.3% 1.9 ¥.0.4 2.3 % 0.13
= Val 3.9 %02 2.2 % 0.1 S 2a%02
4 Total 4 N 6.7 T e . et

~YThese  are _the .mean valles of three determiriations of ‘'threé
replicate 'samples. + standard deviations. The. values of ‘the same 'row
.with ‘the ‘same are not dilferent at t‘m 5% Ievsl.

zPent extract duuted to a 1:1 ratio wﬂh wnter. plus 3.0 g/L yaut
extract, 2.6-g/L KH PO and 0.1 g/L Mnso;ﬂ 0 was used.

Tha synthetic medium consisted of the bunl medium, pluu 45 g/L_
glucose and 35 gIL a.mmopium citrate. -
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et ‘al., mssb). The easential amino acid composition of the myceuum

gmwn ln the peat extract was compared with !hnt of hc s eggs and
w!th the FAO/WHO (lS'IG)m{erenee amino acid pnttam (Table 3. 20)

It was that the ‘was - in.

‘but had high concantnﬂoﬁu.of lysine and leuztne,»v;l{uch are deficient

in cereals..

3.6.3. Mineral eoupoliﬁnn
Table 3.21 shows the mineral cnmpolmnn of the mycelial biomass
and. tho !ruitinz bodies of ‘the.P. ostreatus mushroom. It can be seen

thnt the Y t of . the were hlghar in the, mycelium

than' in ihe fruiting bodies. The- higher concentration of the 'minerals

“in the mycelium than in the fruiting bodies could be due to the better’

absorption . capability of, " the fungus when metals are in solution.

Humeeld and (1952) that tly all the ‘phos-

phoruu in the medi\lm wen nbsorbsd by ‘A. : campestris g'pciwn in a .

‘synthetic medium. of absorp  of metals red t9 be
better in mushrooms (fung;l) than for. othér organ!sm (B&no and
-Rajarathnam, 1982). " = vk e

"'The ujor minerals vln bcth t.he. mycelium and 'the:t‘m‘xmng t;odie's
grown with peat as the buic s

bstrate were P, Mg, Ca, Fe and Mn in
drder of g The " of P and Ca in

-the !rumng bodies were compnmble to the FAO values for P: os!mms. -

The mncantmﬁon- of the minem!s in ?.he mycelium and- in' the frumng
bod.ln were ' also compambln to tho-e rsported for * other Pleurom'




Table 3.20. Comparison of the essential amino acid cdﬁp.nénﬁonq in
& the Py ostreatus mycelium produced in the peat extract
with those in hen's eggs N 4

Essential / .Mycel.(um P l-:gg"‘h Ratio? ! -
amino acid (a) (B) . (a/B) FAQ/WHO
Arg 4.3 8.1 0.1 -
His T 2.4 0.46 -
e - 3.5 6.3 0.56 4.0

) Leu & T8l 8.9 0.87 1.0 -
Lys 5.1 7.0 0.81

S oval 39 7.3 o83 < 'S0

!Data from ‘Khanna énd Garcha (1984).
- 2calculation based on the. method. of Kurtzmen' (1975).
3FAQ/WHO . reforence srotein pattern (1973). -




. The m.(naral ‘of the P.
(mg/ 1003 sample)

Mycelium” . Fruiting Body

215 + 15 527 + 5

231 + 20 . 283 + 15

1320+ 20 - 1050 £ 43

Thesa are the mean valuea of two itior "of three
sdmples ¥ standard davianon. g :




3 f 3.6.4. 'Fatty acids
- ‘\ Table 3. ZZ shows the composlﬁon of the fatty aclds in the myciﬂum
and the fruiting bodies of P. gstreatus produced wi!h peat as the basic '
substrate. It was obsexvved that the fatty acid cuncsntmﬁans in both
the myceuum and the. fruiting bodies, with the exception of olefc- m\d

linoleic acids, were not Two lutty'

acids (myristic and palmitic) -and three unsatﬁmtsd fatty acids

(Palmitoleic, ‘oleic and lincleic) were ids in the samples “tested.

H The essential fatty acids (palmitic, oleic and linoleic) were present in_

large amounts. The nost abﬁndén\ 'futty ncid was linolele acid, which

was also reported as the major fatty acld n’ P. nstreatus grown in ‘
.molassss (Hadar 'and Cohen—mzi‘ 1986), ancl ln M. Lmss(gas grown! in’

cheese whey (Kosa.rtc nnd Miyata, 1991) Banolenic acld wnu not ldenti-

‘fied in the sumples tested, and was not alse repoz-ted by Hadar ‘dnd
' Cohen-Arazi (1986) , but was found in moz‘el mushrnom myculhlm (LeDuy

et al., 1914)




Table 3.22.:. The fatty acid g of the B. : %
¥ “of total mtmyl au(ers) e

Mycelium .

o Peat , Synthetie Fruiting
Fatty acid - ; extract’ medium’ " body
Myristie (14:0) 1.5 +0.3% 1.5.40.4%

Palmitic (16:0) S0 £11% 184 £ 1.0%

" Paimitolelc (16:1) 1.0 +0.3* 1.5+ 0.4%

Olefe (18:1) = . -'18.6 +13%  18.4 +1.6% = 152+ 1.2
Linolelo: (18:2) * **. 4.9 % 1.4% B.zr18% - BIELS

. 17hdse” are the mean values. of three determinations _of three
rupllmtl samples- + standard deviation. ~ The values in ‘the ‘same row
the same are not at ‘the 5% level.

Zpeat exctract dtluted 6 a 111 ratio with water; plus 3.0 g/L yeast
»lxtuet, e KH,PO and 0.1 g/L. MASO,H,0,was used.

S7he syhtheds medlum <orisisted of this besa medium, plus 45 g/L.
glucoan und 3.5 gl smmnnium citrate. b




CHAPTER 4

* CONCLUSIONS AND SUGGESTIONS

4.1. Conclusions

This work h‘aa shown that P. ostreatus can be cultured. in acid
peat extract media supplemented with only nitrogen, phosphorus and
potassium and that & higher yiem can be obtalned from this species

than for other mushroom species’ grown in ofiéF complex media.” The
use of pest extract as.an Inexpensive source of carbon and energy, and

the si.mpla X of P. make“the ui

of

peut-hnsad madh ror the largo scale. producdon of the P. “ostreatus
biomass an lttracuve polllblmy 'l

Thh work has also esmb{uhsd an oyﬁmn.l mgo of. values- for the
most -important’ operational varigbles invoived in the submerged growth

of the B. n in & p cilture medium.
The  optinal opem&nnu " variables . were as follows: incubation
temperamre of 28 + 1°C, PH of 5.0.% 0.1, agizadan speed of 20 rpm
(150 rpm in_the shake ﬂank), aemunn rate of 1. 0 vvm, lnoculum ratio
of 5.0% (v/v); ‘and formentation time of 96 hours (192 hours “in the

' shake flask). S a
It has also been shown In this work that ‘P

both the filamentous, mul the pellet forms, and that" the !omndnn"bf
“pellets was due to uggiomnmdnn or agmgaﬂan of .the hyphse. The .
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size of the vellet has also. been shown tc dacreune with increasing
ag{udnn lpaad and aemdon ‘rate; with lower initlal pH valuen snd with

low n\xtﬂem concclllmuons in tha nladium.

The P. oufre: e grown on peat-based ‘medium, which 'was S

supplemented_with e{ctex-mr sources of nitrogen, phosphorus and potas-

sium, was characterized b @ High protein content, ‘s favdrsble anino

acid ¥ high of t‘any acids and min-

enll that permit. its as a of food.‘ §

& The results of this work are. in accordance’ with conclusjons of other

investigators in «m the cultured mushroom mycelium sobtained under
- of  submerg 1 has 'a higher yield and food’

sxgnuxmnég than, the mushroom fruiting bodies. \‘ -

sumsdnm 5 e |

It .is suggesled that substances in the peut extract thm\ nay- have

Anhiditory effects oh"the microbisl growth should be idanuﬁeds\and theri

-, vemoved from the peat exu-act. n order to enhance the growth and the

. hlomns o fon of P _This is ed| becaise

grown in -the non-dilitéd peat extract whosa Ton eoncen- -

* . -4 tration was about 30 g/L produced ‘only. traces of ro— However.'
K - o 1

_ when glucoss ‘wasadded 16:a pest exitract affuted into a’ 11 ratio with',

to gl

- the non—dﬂutad. peat extrlct, apprwcunnnly 11 gIL ‘dxy blomass concen ;

& wnm', ln m‘du approximtely the same TCH concemﬂuon as in-

tnunn was “Uitor y, dﬂnzeg\/pm extract



The high Iysine and leucine contents in the B. ostreatus nycelium ' .

grown in .the peat uxu-act make it a possible !upphmnt for cereal
foods. -Animal nutrition trials should be cnnductud. and the level of

~
nucleic acids ‘before is given for its use in.

human foods. It has been reported that fungi grown at Mzh growth
rates formally have higher protein contents as well as increased 1uv-|-
of nucleic acids. Studies could also be conducted . to produce a preduut
with acceptable flavor for use as a food ingredient.

It m further suggested that sea.\a—\lp .Studles should b. dom.

4
including checks on: thb x?f the ism in cul.tuu

in terms of- yield dnd pn{iucl The of !hn
organism in contl.n\m\ll cultusa sholild &lso be cqmplred with ﬂut. ln n

luhontory bateh' fermenter, ) i s
Amlysia of the. grnwth media, al’tar tarmintuuon should bc cum-d

out to identify the by-p: since B. & has been: reported

to produce certaln polysac that have
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