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~  ABSTRACT-

Peytalidium acidophilum was. cultured in varibus peat based substrates to

determine which one would produce the highest concentration of biomass. Peat
. & .

was hydroly dividuall, with sulfuric, . sitric and phosphoric

‘ acids and the hydrolysates used as subslr:;es to pfepm the media for culturing

lhe fungus. The pi c ition of l.l)e. hydrol, were .d ined

The g-‘sO. hvrirol\s:u.e of pe:\l was the nchesl in carbohydrate concentrauon el
The constituent monosncchandu in lhe peat hydrolysates ere deurmmed by
High Performance Liquid Chromawvraphy (HPLCY and Gas Chromstog'mphy
(GC). Hexose;_ constituted §nore than 50 % of the total xeehumg sugars present

’ in the peat hydrolysates. . . ° - e 3
. [}

'Preliminary/expem with Syathetic media showéd that a § % (v/v) ino-

culum ratio produces the highest growth of the fungus. Growth of the fungus on

the media containing different carbon sources indicated that hexoses were better

utilized;by the fungus jhan pentoses. ¥

& . X
* Undiluted and water-diluted peat hydrolysates were used-for culturing the

!ungus; Peat hydrolyzed with sulfuric acid and diluted 1:1 With water produced

the highest growth parameters of the i’nn‘g\li. Supplemené\tion'of éhe hydro-

lysates with 3 g/ yeast extract and 0.4 g/L magnesium . sulfate improved the
¥ 2

S . -
growth of the fungus compared to the other nutritional additives tested.




The ;ﬁect; of tomponents of pe‘:xl. c;n the growth of the [\vmg\ls were investi-

o gnted -\ ;ludv involving the removal of one pemcomponent (modxﬁed penﬁ! to
avold the potential inhibitory efféct ol peat is oot a \mblef—e?hod of mcre:mug

the biomass production. A comparison “of non- modlﬁed auhnodlﬁed',;eal hydro-

N lysates showed that modiﬁcntiqn of peat results in a loss of nutrients.

oo The nutrient supplementation of modified peat hydrolysates caused go sta- -
5 ) 7 S
tistically significant increases (P < 0.05) in the growth parameters as compared

[,‘ with those obtained when non-supplemented modified p'eat. h,\'dm‘ysates»we-re 3

< used. /N
) 2
Fractionation of humic snbsun_cw of peat, wa:s‘completed to identify the

growth inhibiting components, ! The falvic acid fraction was foynd to show?nhi-

bltory effect ‘on the growth of the fungus while the humic a,clds fractlon ‘was .

s PR
stnmulatory, 2

'Hydmlysates obtained from peat-fish offal compost were also used as sub-
s M .
5 , 'strates for the growth of the fungus. ‘va}h curves have been constructed by
~
e ~ growing S. acidophilum in peat and compost hydrolysates. The composition of ?
2 5 ) p \

biomass produced on peat hydrolysate was determined.
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NTRODUCTION

As reserves of petroleum and coal diminish and their costs rise, alternftive
B
chemical raw materials are becoming more important. Peat is one of thesg alter-

natives. Tilzrefore‘ nations that have significant peat resources, inchding

Canada, have proceéded to ine the cial lization of peat (Cooper
' . . : ¢
et al., 1984). .

There is growing interest in peat and its utiligation in Canada, where peat is .

found throughout, the wetlands. In Newfoundland,>the peatlands cover ‘an

; . 2 -
“ estimated land area of 2,000,000 ha.- Here, the peatlands are commonly referred

to as ‘marsh’, "and sometimes as ‘mish’, ‘bog’ or ‘swamp’. Ecological studies of
Ne&foundland peatlands have revealed r;mny varieties of bogs and fens. Deposits
of peat in Newfoundland bogs differ from those in southern Canada (Auer, l%m)
and'some parts of the United States (Waksman, 1942, 1943, Rigg, 1625, 1040a,\b,

. ;
1958). The most important factor determining the formation of a specific peat

-
~ariety on a site is the source of nutrients. It has been shown that thé raised bogs

of interior Newfoundland have more acidic peats than those of coastal bogs. This
difference may be attributed to the higher precxpnmon and greater sea-salt con-

centrations expenenced by the coastal bogs (Pollet and Wells, 1977)

The-develop in the nar f: of’ngricultural and industrial pr‘ogi\icts

/
\ -1- \




using peat as an alternative organic raw material has resulted in intensive moni-
oy
toring of peatlands and the development of technology for the utiliga%p of peat

(Taylor and Smith, 1980).

1.1 Peat o .

1.1.1 Definition.

from partly p plants and

_Peat is an organic soil 1
decsying mi isms under wet conditions where oxygen is limited ors
.
exfluded (Chang, 1985). “The for tion of peat is infl d by biological, geo-
? ’

logieal and climytie factors. Peat conthins a complex mixturs of orgsnic materi
als in which the more chemically stable residues of pianc tissues a}e'predomipauc .
(Fuchsman, 1980). Sphagnum peat consists mainly of\ynrious Sphagnum species,
siéghlly humified with leaves and stems partially identifiable and mostly intact.
o
The color of peat varies'from light‘_bmwn to darker shades of brown. The highly
humified (decayed) peats are amorphous and black while the less-decomposed
pe‘ats are fibrous afd brown. Characteristically, peat develops as individual mires
(the accepted international term for bogs, swamps, fens etc.) in basins, hollows or
v;lleys. Under climatic inducement and i;l the absen‘ce of tree-cover, peat may
also form a thin blanket over the land surface (Taylor and Smith, 1980). The

water-holding capacity is the most imp feature of ial Sph

ﬁeat moss, and ranges from 18 to 27 times the dry weight of the peat (Swinner-
3 4 )
ton, 1958). 2




\

1.1.2 World peat reserves

Peat reserves are distributed all over ¢he world. Table 1.1 lists the countri;'

in which the major peat resources are found. The large peat deposits of “tem-

perate Europe, Asia, and North America date from the Ice Age. The peat at the

bottom of these bogs is mostly less than 10,005 years old (Naucke, 1966). In
Northern Canada. peat occurs in shallow deposity, covering large ateas, but in
Southern (-I;mndn, it is u‘i}ostly‘ scattered in isolated deeper del;osits. ‘Reserve' is
the ierm used to refer an area containing exploitable ‘pest while the ‘resource’
refers'to the total -amount of peat present in the area 2{ stu‘dy4 Therefore,’ the

reserves may constitute only a small portion of reséurces. Canada has the second

* largest peat resource in the world. The reserves of peat in Canada consists of the

348 exploitable mires that exceed 40 ha in area, and the nre.‘l encomposed by.

these mires totals 278, 000 ha (Fuchsman, 1980).
143 Deposition

The rate at which the peat’ncchmulntu varies from place to place depending
’ - 3

on the kind of vegetation on the ground. The average rate of depositinn is 1

meter of peat pe?suoo or 4000 years (Fucﬁsman, 1080). This accumulation con-

tinues as long as the bog plants can live and die on the surface, and decomposi-
. %

tion.of peat by microbe; is less than pl luctivity. The 1 ion of péat

" ceases when evgpo-transpiration is more than précipitation _(;r input of water

from other sources. The peatlands of the world contain approximately 150,000

5
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Jable 1.1 The countries with the highest peat ruourc_»sl

-
Country Area of pear resource (Million haj
a5 T ’
X, ; N &7
USSR v 150
Canada 100
CSA s 8
Finland »
Sweden T
. b ! 4
g =
! Kevinin, 1080. .
Lo o s
4 B
4
<
-~
. i
. ”
~
¢ ,—\‘_
ﬂ » \
& s
-




million tons of carbon. They re[_:ru’ent, by extent and weight, one of the world's

major untapped organic resources (Taylor and Smith, 198.0).
. N z
_1.1.4 Classification . ~
=

T

= - ¢ < . o &
“Peat can be classified according to geological, botanical and physico-chemical
characteristics. Geologically, a peatland is said to be ‘4#%-moor” if the bog
water System is continuous with the mineral ground water system. These y‘el'.-
5 p : 3
lands are transitional in character and are often covered with water. The second
type is ‘‘high-moor” pentlmd,‘whosl! ‘water system is significantly above the
ground water system. The relationship Between the peat and the "g/round water
system controls the availability of dissolved jnorganic material to the bog plmﬁ
.(Fuchsman, 1980).
9
s p -
The botanical classification of peat is based on the .identification of plants
2 . §
that have grown most profusely in the bog. High-moor peats are mostly chara¢-
terized by mosses (Sphagnum) and low-moor peats by woody plants or sedges.
The botanical observations are used to supplement and confirm the geological
classifications, and are applicable mainly to t_he peats of northern and temperate

climatic regions. P

‘The physico-chemical classification of peat is based on the degree of decorp-
i)ositiou or humification. In general, low-moor peats are more decom;os!ﬂ than

high-moor peats (Fuchsman, 1980). The main varieties of peat can also be dis-
/




. -6-
N 1
tinguished by their acidity, and the amount% ash produced by burning the peat.
[ %

‘The ash content of high-moor. peat is less than that of low-moor peat (Fuchsman,
1980).

v of 3
1.1.56 Composition of peat /

S

Chemically, peats are prirparily‘;k-nposed of organic material, therefore,

peat which has been dried and burned leaves little ash. The composition’ of peat

varies with the location and the depth of 't,h: mire from which it originates. Sub-

sites within a given mire may also differ in composition. The varianc® in the

chemical composition of peats result from diflerences in the extent of decomposi-

% *Y tion of the mire plants. Peat principally consists of carbohydrates, proteins,
“lipids, polyphenols, small amounts of nucleic acids, pigments, alkaloids, vitamins
and other organic subsjances, along with inorganic materials (Fuchsman, 1980).
The cilemica] composition of Sphagnum peat is listed in Table 1.2. Natural peat

contains about 80-90 % of -water on wet weight basis. -
« & 4
! s .
Various components of peat can be classified as ‘‘bitumens’ (those sub-

stances that can be dissolved by suitable organic solvents) “‘bumic acids”

(characterized by their solubility in aqueous alkali), $carbohydrates” (the com-
ponents wigich are removable by hydrolysiith acid), and “lignins” (the cement-
$ 3

ing material of living plarts). In addition, small quantities of simple sugars,

free-amino acids and other water-soluble components are present. The cellulose

and hemicellulose content of peat carbohydrates decreases with increased decom- *




. Table 1.2 Chemical romposition of Sphagnum peat!

. . F
Components Range of content (‘7‘]2
~
Bitumen . 30 -
Hemicellulose 9-21
Cellulose . . 10-24 .
Lignin and humic acids . o 26-64 |
6-7

Protein oo
Total reducing sugars

Total ash

! Fuchsman, 1980

2 ” v
% Dry weight basis .
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position (Puustjirvi and Robertson, 1977). Generally the content of monosac-

charides in peat indicate that'peat containing smaller particles are more decom-

/—\po;cd than peat containing coarser materials (Morita-and Levesque, 1080). lon-

exchange chromatographic results indicate that the amouft of hexose containing
carbohydrates decreases as.the degree of decomposition of peat increases (Morita
and Montgomery, 1980; Morita, 1981). It has been repuiﬂ that the nitrogen

\ .
content of peat increases with decomposttion (Puustjirvi and\Robertson, 1977).

A correlation appears between the depth from which the sample is obtained
and the concentmnon ol' crude fats, nitrogen, total reducing substances and cellu-
lose in the peat. The content of crude fat increases with depth, while the concen-
tration of other constituents in the peat decreases (Black el al., 1955). Cold-

‘water soluble matter in peat ranges from 1% at top to 3 % at the bottom.

1.1.8 Cuhohydnte:

Carbohydraus compnse a large fraction of the organic matter of peat. Car-

bol\ydrates are grouped as: (n) t luble, easily hy a8y

loses, glycosides, pectins, and (b) water-insoluble and difficult to hydrolyze, i.e.,

cellulose. “Acid hydrolysis may be employed to convert much of the cellulose into

‘Termentable sugars (Fuchsman, 19&;9)4 ¥

AGoaliEative sk hi

of péat hydrolysates revealed the

presence of ga]actose,(glucose, mannose, arabinose; xylose, and trace amounts of




fucose (Black et al.,, 1955). In acidic hydrolysates of peat, hexoses: represented
more than 50 % of the total content of reducing sugars, of which, glucose was the
major hydrolysis product in sulfuric acid hydrolysate of peat (Le Duy, 1981;-Mor-

ita and Montgomery, 1980; Morita and Levesque, 1980).

Various processes have Been te;ted for ;he conversion of carbohydrates to
casily fermentd@ible sugars. Several operating variables such as type of -acid, con-
centration of acid, temperature, holding time, ratio of peat_: acid in the acid
hydrolyzation process of peat were analyzed to obtain a maximum yield of car-
bohydrate (mg of total cnrhohydrat; per gram of dry‘ peat) (Martin and Bailey,
1984). A steam explosion process has been used for the production of ferment-
able carbohydrates. In this process the lignin fraction is also rew\;ere'd (Forsberg

et al., 1986). o - . .
1.1.7 Bitumens

Bitumen, ch ized by high of methylene units in the

hydrocarbon structure, is the component of peat which dissolves in hot organic
i

solvents (Fuchsman, 1080). The extraction of this component, termed as debitu-

minization, is achieved by using a non-poldr solvent, thus removing the hydro-

phobic materials from the surface of the peat particles. This procedure renders

(\

The solvents chosen for bitumen extraction range from less powerful solvents

the peat more amendable to treatment with aqueous reagents.
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io powerful solvents. Mixture of solvents have been used to obtain high yields of
bitumens (Passer et al.,1968; Kander et al., 191}3). The yield of bjtumen
extracted is also dependent on the type”of peat sample, and the type.of process
used for pre-drying of the samples (Kander et al., 1063). .

- “ -
‘The bitumen obtained contains mixture of waxes and resins. Peat wax, a

. 3 ,
water-repellent solid at room temperature, is a mixture of esters, acids, alcohols
and hydrocarbons. . These components are soluble in aliphatic” hydrocarbons.

Reésins are soluble Ya low-boiling alcohols. Another component of bitumen, the

asphalts, are ch ized by their solubiliy in light petroleun) ether or in-hot

methanol (Cooper -et al., 1984).> When' the peat hydrolysates o\iebituminiied

peat are used to grow Candida utilis, high concentrations ef biomass are produced

at dll levels of pH tested (Chang, 1985).

1.1.8 Humic acids

It has been reported that when decayed plant materials were extracted with -

alkali, théy_ produced a black liquid, wi}ich on ncidiﬁcaii;),n .gavg a brown colored
powder. It was identified as “humic acids” (Arnold ef o, 1035). Later, hamic
acids have been defined as the brown colored fnctisn of peat which is ml;nble_h;
alk,nlins solutions but inwluble in acids (Fuchsmnn, IQBO; 1983; Hnworth 1971;
Smith And Lorimer, 1964). ‘Humlc acids give peat its wate( retenuvp character

and its hxgh cation-exchange cnpmly Such properties )usury v.relnng penfus a

distinctive class of naturally ing organic matter (Fuchsmdn, 1083},
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The origin of h\m'uc acids in peat is not clear. Although, hllmlc acids show a
phenolic structure similar to lignin (F\l:h:mm. 1980) the clrboxyllc acid content N
of humic acids constitute a major distinction from lignins, since the lignins do not
contain carboxy gr_oup;. The solubility of humic acids in mild alkaline solution
reflects this difference in chemical structure between the humic acids and lig‘ni‘n“

(Fuchsman, 1980). ¥ . " ‘ . i

- X &
Humic acids are not a constituent of living organisms (Puustjirvi and { .
Robertson, 1977). Instead, they contain a variety of c?pounds t‘d.werg origi- nRgRd
nally in the undecomposed plant material together with substances' formed as a

result of microbial decomposition. Fuchs, (1930) has tentanvely proposed a for-,

mula I'or humie atld! as CmHnO&COOH)‘(OH)‘( 0-) (CH;CO)(OCH,) X 5

Exl.rm.:tiun of humic acids from peats ‘geneully requires a preliminnry re'glm Al
e i val of the bltnmelys (Lishtvan .nd‘lgonﬂ, 1975; Smith and Lorimer, 1964;

Haworth, et Pysger «l ol 1068; anmov. 1968). However, some other

rmearchels have workmi on humic qclds derived from peakm whlch\l.h blfumens .

> & : ¢ were not remsved (Soucl, 1038|. Whlle 19578}

Alkaline extraction of humic scid.s is still in question since humic acids oxi-

dize in the pre’;énce of air (Kopdratiev et al., 1940; Arné:i et al.,‘i;.’is; Pisser ef
an., 1958).1’1‘6 avoid this problem, l’;ss_er et qi, (l\vﬂdconducted the aYhqline oy (
A ) g;{tru'tioxi un':'{&. aif atmosphere of nitrogen. A fraction of the lignin in peat will -
dissolve during m,- alkaline extraction and reprecipitate with mineral acids
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(Arnold et al,, 1935). The type of alkali used and the severity of the treatment
affects the solubility and oadon during the extraction (Fuchsman, 1980)
Yields of 29-37 % hvnmi‘g acids can be obtained fbm peats without the prior

removal of bilumens and other components (White, 1057a). The sield of a pro-

cess deéendad _upon the volu.me of NaOH used, the degree of agltauon and the

duration of the extraction process. Haworth (1071), using peat frdm which bitu-

rhens had been remove’d, reported that the humic acid content seldom exceeded
20 %.

Humic acids contain 4-6 mg ‘nitrogen per milliequivalent of humic acids. This

level is 1.5-2.0 times higher than the rest of thé peat (Rak\ovskii and Pal'min,

. \ﬂﬂﬁs), Humic acids have bee# reported to stimulate the growth of crops

(Dragunov et al., 1073; Reutov and Kravchenko, 1973; Sakurai, 1977). It has,

been reported that some microorgfismg can utilize hymic acids as a source ‘of ¢

carbon and njtrogen (Mathur and Paul, 1968).

1.1.9 Lignins’

ngmn is one of the corgponents of llvmg plants, and llke humic acids, lig~
nins contain phenohc structures.. In peat, lignins are the orgnmc residues remain-

ing, after the bitumens, hemlcellulosa, hum)c acids and cellulose have been

U emoved (1 (Lishtvan and -Korol', 1975) Woody\pljts are richer in lignin than

herbs and ‘bryophytes, and therefore lignin

content
* ’l

<of peats vary with their




. | ,
botanical origin. : . \D
1.2 Uses of peat

-
Peat can be used for agri al, ical, energy and icinal pur-

poses (Lishtvan, 1981). ‘Germany, the Soviet Union, Finland, and Ireland have

been the major ib to the und ding of the lexities and possi-

bilities of utilizing peat as a raw material for chemical production. The rapid
» .
burning properties, the low ash and sulfur contents of“dehydrated peat make it a
. K ’
potential substitute for eil in many utility and industrial applications (Rohrer,

1981).

The organic solvent extraction of peat produces w;i(q that are ﬁsel‘ul i

. in via : -
pharmaceutical chemistry and industrial applications (Fuchsman, 1981). Acid

hydrolysis of p&?t produces sugars for the production of high-protein livestock

feed and alcohol by fermentntion:' lt‘ has been suggested that the regidues from

the acid hydrolysis of peat can begused as agricultural fertilizers (Sorokina and "

£
Yanchevskaya, 1977), or as horticultural fertilizers (Martin and Scott, 1087).
Pyrolym of peat leaﬁs to hxgh purity metallurglcnl coke, and acuvated carbon.

Alka.lm extraction produces humlc acids whlch are useful in a variety of

surfue-utive agents, such as viscosity modifiers for the plastic and adhesive’

*industries (Fuchsman, 1980). Peat humates hav® been reported to improve the

flow properties of Portland cement mixtures (Rohrer, 1081).




Peat is also a potential source of organic materials such as phenols, nitrogen

based products, and some aromatics, which are useful for the production of plas-

tics, plant protectives and ,pharmaceuticals. Peat tar is used as an organic inter- ~

. mediate. Furfurals and polyhydric alcohols have also been produced from peat

carbiohydrates. Peat contains a high proportion of nitrogenous compounds of

bot-6rganic and inorganic nature (McLoughlin and Kister, 1972a). The complex

_vmixture of N-contairigg organic substances present in peat offers the potential for .

its use in a variety of medicingl products. Torfot, a preparation from peat, is

used in the j.reatment of ophthalmic diseases, such as myopia (lentskn, 1964}

Wrobel, [1974) stnted that a preparauon derived from peat, which he’ 1dennﬁed

as TK,, had favorable efiscts in-atthma patients. In addition to the above men-

tioned products,“some bactericidal [;re};arztions have also been prepared from
" peat (Fuchsman, 1080). )

.

s a potential source of gaseous

In Britain, experiments have shown that p

= P
fuel (I\i}risa, -1080%. Studies have been conducted in Canada on the possible use

My of peat as°a source of energy (Ggllo and Shepperd, 1981; Chornet ef al., 1981).

Peat, is also used for horticultural and agricultural purposes in North America
and Europe (Fnc‘hsman, 1980; Sinclair, 1981). In Newfoundland, nbr‘)ut 2 % of
the total peat reserves.have been used for afforestation trials and agricultural
purposes (Pollet, 1672). Beat soils in Europe are extensively used for forestry and
pasturage, while in Canada they are used maiply for vegetable production (Jas-

min and Hamilton, 1977). ¢
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- mary step in hydrolysis is the initial breakdown of the cellulose to a water-soluble

-15-

Hea/fa]so shows preservative properties. Recently, well preserved Buman
skeleton and brains of 8,000 years old were recovered frorq the peatlands of
Florida. The brains preserved in peat environment have yielded the oldest
human DNA. It hag been reported that pest baths are used in reducing body
pains. North America's first peat fueled power plant is under construction in
coastal Maine and»i\;xpeéied to feed Boston Edison Grid by 1989 (Levathes,

1987). P

N

1.2.1 Peat as a fermentation substrate

The carbohydrate fractions are the'focus of interest when peat is viewed as a

fermenta‘tion 'subscrate’. ' Cellulose is.the carbohydrate ﬂresen‘t in greatest quan-
tity in most peats. They can be dissolved and th_en hydroh'zed by dilute'r’nineml
acids (Waksman and Hutchings, 1935). OF the polysaccharides present in peat,
the eellulose is,‘th: most difficult fractiol)_< to hydrolyze. Cellulose is a homopoly-
mer consisting of glncosamit& Its conversk;n to glucose is important because it
is the primary assimilable sugar for industriah fermentation processes [Fuch‘sman,
1980). ° '

Hydrolysis is the principal techni ployed in the fon of peat

1 harides t6Te ble sugars. Hydrolysis of pol. harides requires the

addition of a molecule of water to effect the cleavage of monomeric glycosidic

bonds viith the aid of acids as promoters of the hydrolysis of oligomers. The pri-
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form, followed by a second step in which these oligomers are converted to

monosaccharides.

Thesugars extracted from peat can serve as a substrate in such fermentation

processes as microbial biomass

and in other p (Quierzy et al,,

1979; Le Duy, 1981; Boa and Le Duy, 1982; Mulligan and Cooper, 1985; Martin
and White, 1985, 1986; Forsberg et al., 1986). The second largest application of
peat in the Soviet Union i is as a raw ‘tenal for the praduchon of high-protejn

yeast (Carter, 1981). becently, Martin (1986) has reviewed the hmdamental er-

,cess aspects for the p

peat extract as the main n#¥rient source. ‘e
1

1.3 Peat hydrolysates . i

o)
The liquid fraction produced from peat hydrolysis is called peat extract
. (Fn‘chsman, 1980; Martin and White, 1985, 1986) or peat hydrolysate (Boa and

Le Duy, 1982). The peat hydrolysate produced by dilute acid hydrolysis in an

the most 3 i culture medium (McLoughlin and

Kister, 1072a). Accordilng to Quierzy et al., (1979), acid-catalyzed peat hydro-

lysis produces a fé ble total carbohyd: jon due to the efficient
hydrolysis of cellulose. The steam explosion’ rhetho:i has also‘been reported for
the production of solvents (Forsberg et al., 1986). Water extracts obtained during
the drying of fuel grade peat extracts have been used as a substrate to p;oduce

Tl I harid igan and Cooper, 1085).

of yeelium in 4 eulturs withae

\
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1.3.1 Production § S

Various extraction procedures have been used to obtain the nutrients from
cellulose for further utilization as & substrate to produce microbial protein. The’
major inethods of conversion of cellulose to glucose are by steam (Buchholz et .,
1981); acid (Eklund %t al, 1676; Le Duy, 1979); alkali (Datta, 1081; Han, 1075)

and the enzyme cellulase (Goldstein, 1980; Reese ef al., 1072). ¥

Coi:cerning peat‘ hydrolysis,. the processes have been repo}ted to be
influenced by factors such as reaction temperature; retention time, type of
c:ztalysL l‘lsed, lm‘tio of peat : cmlys.t (McLoughlin and Kister, 1972a, ¢; Chang,
1985; Quierzy ef al., 1979; Boa and Le Duy, 1982) and particle size of peat (Mar--

- tin and Bailey, 1084; Morita and Levesque, !980),‘ It has alio l;\;en reported that
wm‘(y substances, such as bitumens and water-insoluble components of p’eat affect

~
the successful effectiveness of acid hydrolysis (Chang, 1985).

. i <
1.3.2 Composition | -
4

1.3.2.1 Carbohydrate-derived components

The cnrbahydr;ne components obtained by the hydrolysis of peat are of pri-

mary i ion in the duction of microbial protein. W ter-solubl and
easily hydrolyzable substances fpustitute 42-54 % of peat, the ‘c’ellulose rra‘ction
being sbout 24-27 %. One-half of the water-soluble substances are the reducing
‘sugars, About 70-90 % of the reducing sugars are monosaccharides.« As arult
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of hydrolysis, 90-95 % of easily hydrolyzable components and 40-60 % of the cel-
lulose are removed in the liquid phase. U}aer optimal conditions, about one-half
of the organic content of peat goes into solution (Fuchsman, 1980). This fraction

constitutes 79-77 % of the initial carbohydrate content of peat.

Peat hydrolysate contains mostly monosaccharides (Fuchsman, 1980). The
s

\ksser fraction consists of non-volatile urga‘ic acids such as sugar acids, hydm)fy

carboxylic acids, and C, - Cy dicarboxylic acids. Sugar acidscomprise 2:8 % of

the organic material inlthe “hydrolysate. Volatile acids comprise 0.7 to 0,9’ %,
and non-volatile organic acids acccul;t for 5:6 % of the hydmlysage. A group of
'no.n-uidic, unclearly characterized “humic ui_d's‘” are also found in the hydro-
lysate (Fuchsman, 1980). be‘Duy (1681) has reportéd that the major su)g.ar in
HGSO, - hydrolyzed pest hydrolysate was glucose while xylose was the major
sugar in HCl Nydml‘ysala Chang (1985) reported that HCl- P hydroly,nte/
contained slightly higher concentrations of reducing sugars and total nitrogen

than HpSO, hydrolysate of peat. ¢
1.3.2.2 Nitrogen compounds

Nitrogen constitutes 1-3 % of ‘the dry weight of the peat, but only,a part of
& » K
it (which is in the form of amino acids) appears in the peat hydrolysate. Much of
o
the nitrogen in peat is present in the form of polypeptides which are loosely

bound to hymic acids. The polypeptides, under sﬁpm‘rinte conditions of hydro-

lysis, yield an;ino acids. Other nitrogen-containing compounds, such as glu-
4 e

L
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are also d in peat hy (Fuchsman, 1980). =

Peats vary in the quantity and in their nature of nitrogen-containh)g com-
pounds (Fuchsman:*1980). The amount of nitrogen released by 6 N HCI hydro-
lysis is greater than the nitrogen' released by concentrated HySO, hydrolysis. The

amonu§§mino acid in the hydrolysate increases with concentration of HZSO.‘
.

in the soldtion (Fuchsman, 1980). /\v\

1.3.2.3 Other components
.
"

Vitamins By and By are present in small -quantities in peat. They are par-
tially destrc_;yed during hydrolysis. Peat hydrolysates are rich i_n minerals. Cal-
cium; iron, magnesium and sodium are present in_*higher concentrations in p;’at
hydrol:{éate than cobalt, copper, potassium, manganese, nickel and zinc. Small
qua‘nmia of steroids are also present in peat hydrolysates (Fuchsman, 1980).

é

1.3.3 Inhibitory components
-

It has been reported that the most widely studied biologically active matériv

- ~
als obtained from peat are those that inhibits the growth of microorganis;ns
(Fuchsn&an, 1980). The hydrolysis of peat yields both nutrients and growth inhi-

“bitors.” Therefore, peat hy‘drolysate might have an inhibiting, promoting or no

- effect on microbial growth and product synthesis (McLoughlin and Kister, 1972b,

¢). McLoughlin and Kister (1972a) have reported that pedt hydrolysate pro-
duced from alkaline extraction and benzene : ethanol ex‘traction inhibits the |

growth of Candida utilis . I

{
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The extzastion of‘zeal by HCI results in high concentrations of NaCl in
hydrolysates which_have an inhibitory effect on the growth of microorganisms
(pad‘y and Chang; 1983). The effects of humic acids and bitumens on the growth
of n:icroo‘rga.;:isms are unclear. Chang (1985) observed that the yield of Candida
utilis was incr’eased when bitumen and humic acidgeyjere removed fromlpeat
hydrolysate. However, Dady and Chang (1983) reported a significant increase in
t!:e conc;ntration of biomass of Candida tropicalis with t?e addition of synthetic .
humic acid up to a 0.5 % level. Martin (1983a, b) reported the need to dilute the”
peat hydrolysate with distilled’ water in order to reduce the concentrition of the
inhibitory substances, and obtain higher, yields of biom:s; ol‘éry!alidl'um acido-

philum.
v

1.4 Peat - fish offal compost

Peat has been used in the production of peat-fish ‘oﬂ'al‘compost. Studies
have been \coﬁdncted with different combinations of peat with fish, crab and *
seaweed (Mathur et al.,1986). The products met all the requirements for a high-

quality compost. Lack of water-extractable aliphatic,acids, and narrow C :

ratios proved the maturity of the compost. Subsequent studies showed that
seaweed was not necessary for composting (Mathur ¢l al, 1986). The comple-
tion of composting was studied by using NMR (Preston el al,,1986). Tisstie cul-
ture ;Ludies of Mature composts showed an absence of to‘xins (Mathur and John-

son, 1987).
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i5 Co‘;npost hydrolysates
T4 - ) ’ =
- -

The liquid fraction obtained by treating peat-compost with H,SO, is termed

as compost hydrol The i iticn of the hydrol: has been

determined and further studies were conducted with compost hydrolysate as sub- -

3 strate for the growth of S. acidophitumn fungus in this work. ]
. 1.8 Microbial biomass protein (MBP)

1.6.1 Definition F r

V' As the world's population increases rapidly, there is a growing need for the

of new u ional sources of protein. The search for these

sources of protein has resulted in the development of ““mitrobial biomass protein’ |

{ (MBP). The term MBP has recently been chosen to refer to single-ceil protein, i
{ because the mass cultivation of multicellular fungi is also of commercial interest, .
in addition to the cultivation of single-celled bacteria and yeast (Moo-Young and

L4 éregory, 1986). MBP compares véry well with other high quality protein sources
qf pro}

2 terms of crude protein content and overall pattera of nutrients (Miller, 1968).

Animal-feed experinients have shown that MBP ‘is suftable as"a'supplement (Sib-

; . bald and Ivarson, unpubl.) and‘i;s refined form could be used to sipplement = '
hun}agtdiet (Dimmli‘ng and Seipvenbusch, 1978; Litchfield, 1977). Microbifl prb—

 teins are good dietary supplements because they are rich in lysine and low in

"\ sulfur-containing amino acids (Reed, 1982).  The commercial \productkm‘ of

ycoprotein for human

. o
ption began in England in 1985. It has been sug:
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gested that MBP prouced from waste residues and surplus raw materials could
help in the control of some forms of éfwironmental pollution (Moo-Young and

Gregory, 1986).

"1.8.2 Microorg as MBP prod:
¢

For thousands of years people have used microorganisms in the production

of foods such as alcoholic bevemges cheese, yogurt and soy sauce. Recent}y the

use of several types of microorganisms t6 produce protein has been studied. Cer—
tain types of algae, fungi, bacteria and yeast can produce valuable proteins which
are used in aquaculture and also as mixed fodder constituent for intensive animal

feeding.

Algae have been used to produce MBP because they have the photosyntlﬂ:ﬁg
ablhty, without the need of a carbohydrate substrate, to produce protein.
H.etero'trophic bacteria have olso, been studied as potential MBP sources. Several
species of bacteria Vbave been grown on _hydrocarbons and carbohydrates. Indeed,

their high rate of grovﬂh, metabolic ver’satility. and high content of protein have

made bacteria an attractive candidate for MBP production.

Filamentous fungi have been used to produce protein condiments, and some
drugs’. Rapid grom;th r‘aées, the ability to assimilate avkar_iety of substrates, and
high concentrations of protein have made yeasts an attractive choice as MBP

producers. In choosing a mi ism as a dietary I t, nutritional,

toxicological, functional and cultural considerations are important (Miller, 1083

1984). Table 1.3 gives the proximate chemical composition of various classes of

microbial biomass.




a3

Table 1.3 Proximate composition of microbial biomass obtained from different 3

acl &
microorganisms

Composition ()

Component Filamentous Algae Yeast Bacteria
Pung '
Nitrogen TN ST 89 1213
Protein 3150 4763 47-56 72-83 .
. 2
Nucleic acids 910 38 612 - 216
‘Ash 914 810 510 37
Lipids .28 7-20 2.6 2.3 i
- 3 -

! Reed. 1982.

o




1.7 Fungi | °

The filamentous stiuctures which lack chlorophyll con’slitute the ‘molds’ of
ngdom Fungl 'P"liamenls of mc]d are talled hyphae, and :A b\mdle of hyphae is
¢aNed a mycelium. Molds reproduce by spores which are pmduced exther sexually
Yas a resn]t of mating between two different organisms or h;\p\hae) or a7exually
d z ©* (resulting from a simple internal division or external modlﬁc‘@uon of individual
2 . h’ypha), The nutrie‘n\l\ reqyirements of fungi are diverse. In general, fungal‘ . 8

g .

species need sources bf epe’rgjf, nit}ogen and other migro-nutrients. -

Fungi have been used as an indirect source of protein in diet of man g:em
¢ ‘ 8 . -

taries. " Many fungi can be grown in large quantities on-inexpensive carbohydrate .
" containing material such as molasses—vegetable waste, citrus wastes; or sulfite-

waste liquor from industrial wood pulping processes (Dimmling and Seipenbusch,

1978; Lebaneiah ef al, 1070; J ‘T et al., 1970; Falanghe et al., 1964).
Because of this, fungal biomass hes the potential to be used at the indu;irial
level. High efficiencies in the conversion of carbohydrates to biomass protein

have been reported for several fungal species (Robinson and Davidson, 1959).

1.7.1 Fungal protein -
-
Many species of fungi produce mycelia with high concentrations of protein »

B} -
(Martin, 1983b). The usefulness of fungal protein depends upoh its nutritional

value, cost delivered to the consumer, and acceptability of the prc(ﬂxct. Diﬂ'erent' R
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substrates such as citrus wastes (Labaneigh ef al., 1979), peat hydrolysates (Mar-
: . N
tin, 198%; Martin and Bailey, 1083; Martin angd White, 1985, 1086), and waste

» .
paper hydrolysates (Ivarson and Morita, 1082) have been used to produce the
fungal ‘protein. ’ , N
.

\
"

Different values have been obtained for the content of crude protein in fun- . -

gal bionsss cultivated on various hydmlysazesfz/ymheun species grown on peat

” hydrolysate ha‘:e\produ'ced a_ protein content of 26 % (Martin, 1982) and on

vegetable waste the protein content was about 26.7° % (Janardhanan et al.,
1670): On peat hydrolysate, Agaricus campestris contained 46.9 % protein (Mar-

tin, 1983b), whereas S. acidophilum co;%ffained 47 % protein (Martin aj)d White,

1.8 Scytalidium acidophilum fungus ~

R o ° | » '
1.3.1 Classification ! 3
. & . 75

Seytaldium acidophitum Selintes: o the division Amastigdhyeota of the
Kinggom Fungi. The division Amastigomycota is divided into four sub-divis}ons;
Zygomycotina, Ascomycotina, Basidiomycotina and Deutesomycotina. The sub-

 division Deuteromyeotina contains class Deuteromyicetes and this class s divided 5

into three sub-classes, Bl idae, Coetomycetidae atld Hyphomycetidae. B

As Fungi imperfecti lack a perfect sexudl stage;” yfv are artificially classifed THEIN

form-classes, form-ordeys, form-families, form-genera and form-species. The
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fungus unde tigation belongs to the form-genus Scylalidium of Sub-class

L1l the classification of the fungus S¥ytali-

Hy

dium acidophilum.

1.8.2 Morphology

~
. The new form-genus 'Scytflidium was established for six strains of fungi ;

three isolated from acidic soil (pH 1.4-3.5) from a gas purification plant near
Bowden, -Alberta; another described by Starkey and W;ksmw (1943) and strain

cultured by K.C. IM in 1972 (Sigler and Carmichael, 1974;7Ellis, 1971; Gould

et al., 1973; Starkey, 1973). ©

. Colonies of tidium acidophitum, are y slow-growing. = They
reach a diameter of 21-26 mm in 21 days at 25°C. The colonig are flat and pro-
dufe scant, velvety, aerial mycelium. An increase in ac‘idition of\acid to the
medium reésults in fatteNcolonies with more serial mycelia (Sigler ahd Carmi-
chael, 1974). The hyphae ofthis fungus are pafe to medium brown in color and
* are septate. A yeast-like stage was reported by Miller et al., (1984), when . aci-
" dophitum was cultired on whey at pH L4, However, the Jeaabliks ki

favored by less acidic pH values (pH > 1.4) (Sigler and Carmicheal, 1074).
:

" ‘

1.8.3 Reproduction

8. acidophilum lacks a perfecz sexual reproductive “stage in its life cycle.

Reproduction océurs by (mezms of spores which are formed brtrmimgmenuzion
| -

. ;
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of hyphae. The spores, called arthroconidia, are formed in chains at terminal or .

A

intercalary positions. They are palefbrown when young and later become darker
and develop a thick wall. They are ellipsoidal, cylindrical or irregular shaped and
show a constriction at the septum. S; lation of S.acidophsl is enh d in

4
id medium (Slgler and Carmichael, 1974). Other speclu of form-genera

Seylalidium vavelbesn Gind to have a pyenidial stlge (Ellis, 1976; Pun-
ithalingam and Wnterson, 1990), but none have been observed in S.‘ucida'pl{ilum

(Campbell, 1974; Sigler and Carmichiael, 1674). N

1.8.4 Cultivation

S. acidophilum culture l_:as been maintained on various media by several
workers. The 'media includes (a) synthetic medium containing glucose,
ammonium sulfate, magnesium sulfate, calcium chloride, and ferrous sulfate

(Starkey. and Waksman, 1943); (b) 2 medium of glu€ose with ammonium sulfate,

I S S (. com ohosoh

dibasie, i sul-
fate, caleium chloride, and ferrous sulfate (Starkey, 1073); (c) nutrient broth

(Sigler and Cnrmichael 1074); (f) mod; synthetic medium (Ivarson and Mor-‘

(Gould et al., 1974); (d) fries mediu%(:poth, 1971); (e) pablum cereal agar
ita, 1982); and (g) peat extract media (Mlmn and White, 1985, 1986). Larger
scale expenment: were conducted by tmns{ernng the culture tn the modified syn-
thetic medium of Ivarson and Morita (Miller et al,,1984), waste paper hydrolysate
(Ivarson and Morita, 1082) or supplemented peat -hydrolysates (Mll‘li_ll/lnd

White, 1985, 1086).

-
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18.6 Reasons for using S. acidophilam as a MBP producer

The use of S. acidophilum has many inherent advantages. They include,
y . .

(a) the low pH values at which the fungus grows facilitates aseptic operation of

the fermentation pr‘zceu o B

(b

# wide range of sugars can be fermented using the fangys

\ (e the fungus grows well in acidic environment; therel'ore only minimal neutral-
* jzation procedum are nec&ary il acidic media are used as substrates

(d

the filamentous growth of the fungus permits low-cost filtration methods for -
mycelial recovery,

2 .
(e) the fungus is tolerant to high salt concentrations (Gould et al., 1973; Star-

key, 1973). Therelore, the pH of the hydrolysates can be adjusted by adding

strong bases (Ivarson and Morita, 1982).
1.8.8 Submerged fermgentation

“ Studies cond d with S. acidophilum on hy of waste paper (l‘varh

son and Morita, 1982) and peat (Martin and White, 1985, 1986) indicated that no,
contamination w:as observed during the fermentations. Fruihly harvested, dried,
gl;ound n;yce]ia gave ye‘uty odor which was r@ported to ;lhappenr after a few
5 days (Ivmu‘n nné\Morita, 1082). On hydrolysate:_:f waste paper, the average

biomass yields were about 38 %, and the pr‘otein content was 47.3 % (Ivarson

. and Morita, 1082). A content of 42.1 % protein and biomass of about 41 % were
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[
obs((ved on supplemented“peat hydrolysates by studies of Martin and White,

(19854 and Martim and White, (1986) -respectively. Previous studies showed that
the content amino acids in the mycelia obtained from different processes were
relatively constant (Ivarson and.Morih. -1082; Martin and White, 1985). Table
1.4 presents the content of protein in S. acidophilum cultivated on different
hydroly;ales, The composition of esséntial amino acids -in S. acidophilum is

shown in Table 1.5. e I}

1.9 Present lnveatlgntlon
-~

The growth of the acidophilic fungus S. has been investigated in
acidie peat hydrolysates. In order to: sihisnos; e Hiomsss: prodiiciion oF Thé
fung\ls,‘diﬂerenl methods were employed to extract peat carbohydrates. The
hydr,nlysa}a produced are em;hyed as substrates to grow the !_\mgus. In addi-

tion, the !

. S
of peat hyd; with i was also investi-
N
gated. The objective of this study was to provide the information requited for
producing fungal proiein utilizing peat as a raw material. Peat-fish offal compost '
: -

has been used in some studies.
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|
Table 1.4 Content of protein in the biomass of S. actidophilum and unidentified

. _ fungus cultured in various substrates! '
: Organisg ‘ substrate % Protein?
i . ¢
! ;
.
., S acidophilum® Waste paper hydrolysate J ;
5. aeidophilum! 5 Non-suppl. peat extract
. 5 )
" 5. acrdaph:luml L Suppl. peat h_\'dmlys|ale 12,1422
‘\‘ Unidentified fungus4 Glucose T35
Unidentified fungus* Pgat hydrolysate 243
A ; <
! Martin and White, 1985
| ey protein = €5 nitrogen x 6.25 s
< : ¢
" 3 varson and Morita. 1982 :
<
1 Boa and Le Duy, 1982
3 < e
; ® .
§ s s
. R C
v ] . :
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Table 1.5 Content of essential amino acids (g/100 g protein) in the biomass of

*S. actdophilum cultured on waste paper hydrolysate

[}
Amino acid Waste paper hydrolysate® Peatthydrolysate!
. C |
Tsoleucine 39404 27403
Lencine 81=0.1 1903
v, e
Lysine - 34104 4.9+04
Methionine © L4204 15202
’, p B ¢
Phenylalanine 34402 2.9402
i Threonine - 5.240.4 o 14.9+03 | .
) - Toptophan nd nd
Valine 19404 3.04£03
2 el
. ! \Martin and White,.1085
? Ivarson and Morita. 1982
nd = not determined. )
-
(- . ‘
) .
> = )
" \




CHAPTER2Z .
MATERIALS AND METHODS

’
2.1 Materials

2.1.1 Sphagnum peat moss

A“high-moor‘ peat moss was obt.ained‘ from the Sundew peat I‘{\ire, St. John's,
Newhl‘ndland, Canada. Samples were collected from {l;e upper layers of the
peatland at a depth of about 20 cm. The peat was of a low degree of d;ecomposi-
tion and had n_humiﬁc‘ation value corresponding to H; of von Pos; scale (Fuchg,
man, 1980). The initial moisture content of the peat was approximately 80 %.

2.1.2 Culture

The culture of Seytalidium acidophilum ATCC 26774 was obtained from thg
American Type Culture Collection (Rockville, MD., US.A.). The culture was
maintained on Vpolato dextrose agar slopes, incubated for 2 weeks at room tem-
perature, and then slmed‘m. 4°C. Fresh transfers were made every two months.

’ 2 s

2.1.3 Chemicals

I3
o

Unless specified, all the chemicals used in this work were of reagent or
laboratory grade. The chemicals were obtained from Fisher Scientific Company,
18 Morris Drive, Darmouth, NS., and are listed below :

34 - s

N\




Acetic acid, -acetic anhydride, n i chloride,

citrate, ium hydroxide, ium nitrate, ium phos-

phate (monobasic, dibasic), ammonium sulfate, barium hydroxide, buffer solutions

(pH 10, 4.0, 7.0 and 10.0), caleium acetate, calcium hydroxide, calcium nitrate,
’ .

calcium sulfate, chloroform (HPLC grade), ethanol, ether, ferric chloride,

Kjeltabs-S 35, i b ium_ chloride, jum citrate,

P i P ium hydroxide, p ium hydrogen ph

e

pyn-,

» )

dine, and sodium molybdate. . l‘
.

The following ¢hemicals ‘.ve.re obtained from Sigma Chemical Company, P.O.

- i
Box 14508, St.'Louis, MO :
Ammoniim ferric sulfate, anthrone, bi boric acid, caleiy hlorid
glucose, galactose, mannose, chloride, sodium carbonate,
" >

sodium h‘iurhonate, sodium hydroxide, urea and xylose.

The folloRing chemicals were obtained from BDH Chemicals, 105 Akerley
-3 p:

Blvd, Dartmouth, NS :

Acetone (HPL(; grade), amberlite-XAD 2, benzen\ diethyl ether, hydro-
chloric acid (concentrated, 1, 0.1N), hydrégen peroxide, hydroxylamine hy"dro'
chloride, ydgnesium phosphate, methyléne. blue, oxalic acid, potassium _phos-

—

_phate, sulfuric acid (concentrated, 10N, IN, 0,IN) and toluene.

\




-

2 5
Cupric gulfate, ferrous sulfate, ium sulfate, h and

triethanol amine were obtained from J.T. Baker Chemical Co. Phillipsb(urg, NJ.
Potato dextrose agar and yeast extract were obtained from Difco Company
Methyl red wasiobtained from Aldrich Chemical Company, 840 West Saint Paul

Avenue, Milwaukee, Wisconsin 53233.
2.2 Methods =

2.2.1 Preparation of the synthetic medium
i 3

The synthetic medium was prepared ding to the method described by
-_— -

Ivarson and Morita (1982). “The composition of the synthetic medium is given in
?

Table 2.1. Scytalids it ilum fungus was acti d by repeated transfers in
- 5

this medium until the response was similar. The culture of S. acidophilum grown

on synthetic medium wis used as the inoculum for experiments wilh/nat hydro-

lysates.

2.2.2 Prep ion of peat hyd

’l"he peat was air-tiried for 2 days (moisture content of about 60 %) and used
to produce peat hydrolysntu_nccording to the method of Martin and Bailey
(1984). Fhe procedure involved miking peat with 1.5 % H,S0, to give a ratio of
25 g of dry peat to 100 mL of acid solution. The resulting mixtur:, was auto-
claved at 121+1°C for 2 hou.rs. The liquid fra’ction which.constituted the hydro-

lysate was sepnnteﬁ using a Carver Laboratory Press (Model C, F.S. Carver Inc.,
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Table 2.1 Composition of synthetic mediim!

Component

Concentration

KOH
NaOH

FeCl,  F
MgC Oy
Cilucose
HaS0, (10 N)

NH,OH (29 %)

LI

HyPOg (pH 0.5)

Trace element solution

" Distilled water to bring the volume to 1 L

Trace element solution

H,B0, ‘
NaMoO,.2H,0

CuS0,.5H,0

MnCl,.4H,0

Distilled water to bring the volume to 1 L

©
o
)

100.0 mL
50mL "
6.3 AL

2.0 ml

! Ivarson and Morita, 1982,




" mentations.

o

WS., USA). The hydrolysate was then filtered using Whatman No. 1 filter paper_
under vacuum to remove any partjgles of peat present. This peat hydrolysate (P)
was either used directly or diluted with distilled water # a L1 ratiosghen used

for further experiments. ¢

/
o

Other hydrolysates of peat were produced from peat by treating the air-

dried peat with HCl, HNOy or H;PO, according to the procedure described

aboye. In this case, the hydrolysates were used, directly, without dilution in fer-
e

2.2.3 Modifled-peat hydrolysates

&
The hydrolysates produced by treating the peats with HySO, after removing
E [ =

* cither the tumen o humic acids of both fractions were tgrmed ‘modified-peat

hydrolysates’. The procedures involved in the preparation of the modified peat

hydrolysates are discussed in the following sections.

2.2.3.1 D peat hydroly

.
+ . %)

Sphagnum peat moss was air-dried for 2 days and ground in a Waring

blender. After being sieved through a wire r'nesh, the peat was extracted for 7
hours with loluen::ethanol (1:1) usingv'a Soxhlet extraction appf’;rams. Tixfs sol.
vent mixture rsgulted in the rer;mval of the bitumens from peat. The debitumin-
ized peat was allowed to dry for 24 hours and then was treated with H,SO, as

described in Section 2.2.2 to produce the debituminized peat hydrolysate (DP).



2.2.3.2 Peat hydrolysate with humic acids removed

A modified Souci method (Fuchsman, 1986) was used to remove the humic
substances from peat. The procedure included treating the finely ground air-
dried peat with 1 % NaOH solution at 60°C under a nitrogen atmosphere for 2

hours. The nitrogen here p the

idation of the humic com-
pounds during the alkaline extraction. The alkali extrnct\ humic substances

which contain both the humic'and fulvic acids. The resulting mixture was centri-

fuged using -a Sorvall Superspeed RC2-B Automatic Refri Centrifuge to -
separate the ‘solid residue from the dissolved humic aci;is. The solid residye was
washed with distilled water 4-5 times to ensure the complete removal of dissolved
T Ty ya— peat was treated with T % HCI solution until
it was slightly acidic to the pH paper. Excess acid was removed by suspenaing
the peat in distilled water and centrifuging. The solid obtained after centrifuga-
tion was dried-in a Blue M Single Wall gravity convection lal;oratory oven at
60°C for 12 hours. After drying, the sample was ground and the hydrolysate.

(P-H) was produced as described in Section 2.2.2.

2.2.3.3 Debituminized peat hydrolysate with humic acids removed

- " @
- . -
Air-dried, ground peat was treated first:by toluene:ethanol (1:1) as in Section
2.2.3.1 to remove bitumens followed by the. procedure to remove tl%e humic sub-
stances as explained in Section 2.2.3.2. The hydrolysate (DP-H) from this

modified-peat was produced according to the method in Section 2.2.2.
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The modified-peat hydrolysates were used in further experi#enu without
being diluted. The nomenclature used to identify growth media is presented in
, Table 2.2. All the media (peat hydrolysates f‘rom different acid hydrélyses of
peat and the modified-peats ) were adjusted to pH 2.0 using 15 N NlOH_.'P.rior to
inoculation; the media were sterilized in.an autoclave - at 121+1°C for 20

minutes.
7
2.2.3.4 \Extraction of humic and fulvic agids

. The humic acids were separated from the peat according to the method of
Schnitzer (1978). T,elsrams of air-dried peat were weighed into a 200 mL flask
and 100 mL of 0.1 N NaOH was added. The air present in the flask was dis-

% p‘lnced by nitrogen. The flask was mechanically agitated at room temperature f(’)r
24 hours. The supernatant was then separated from the residual peat by centri-
fugation at 10,000 rpm for 10 minutes. The peat was washed with, distilled water
and the washings were added to the supernatant. The pH r;[ the supernatant and
the washings was adjusted to 2.0 with 2 N HCI and the solution was allowed to

stand at room température for 24 hours. The soluble fraction, fulvic acid, was

separated from the coagulated humic acid fraction by centrifugation. Both frac-

tions were freeze-dried. !

r

2.2.4 Preparation of inoculum

The mycelial growth from one fresh potato dextrose agar slope was blended
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Table 22 Symbols to identify the nutrient supplemented hydrolysates of peat

L T—— Sumbols for the &= wrh media!
Kl 3 : ol 3
5 g/L yeast -xtract p* op? P-H* oP-H*
5 ¢, L'K:HPO, *
= p? op? Pt op-H*
52,1 (\H,1LS0,
By i
5'g/L KyHPO, -
A
+ .
5 g/L (NH,),S0, pt opt p-it pp:-Ht
/ + - N
. 0.1¢/L Mg30, \ ) '
3 g/L veast extract
= P> op? P-H . OP-H

0.4 g/L MgS0,

5 t
\
3 g/L yeast extract p® DPB, s p-H® Dp<H®

’

e

t i" DP, P-H, and DP-H symbolizes the peat hydrolysate, debituminized peat
hydrolysate, peat hydrolysate with humic acids removed. and debituminized peat

hydrolysate with bumic acids removed respectively. I




with 50 mL of sterile water for 30 seconds in a previously sterilized Waring

blender. The blended mycelial ion was i inocul. into 50 mL
of sterile synthetic medium in 250 mL Erlenmeyer flasks. An inoculum ratio of 5

% (v/v) was employed in all the experiments. It has been reported that propaga-

tion of the S. in the medium i to the ad.

ly

as the

of the fungus to grow in with peat hyd

main nutrient source (Mnr‘tin and White, 1984). &

The c&[g\d med_ium activated after incubating for 8 days at 25+1"C in
the synlhetiﬁ‘medium. flasks was used to inoculate the peat hydrolysate media.
Inoculated media were incubated in a Gyrotory water bath shaker (Model G786,
New Brunswick Scientific Co., Inc., Edison, NJ, AUSA). at 25#1'C;for 8 d;ys,
with an agitation of 150 rpm. The pH of all the growth media were adjusted to

2.00 (uni& otherwise speéiﬁed) before inoculation.

2.2.6 Growth of S. acidophilum in the sy di

Preliminary shldnes were conducted with synlhetlc medlum in ordeﬂt deter-
mine the optimal mocnlum ratio for adding cultured synthenc media to peat

y media (e ions and to d ine the the necessity of pH adjust-

ment. Two ratios of 5 % and 10 % (v/v) inoculum additions were studied. The
: ®
results were expressed l\yield and efficiency. Yield was defined as the grams of

dry biomass produced per gram of total carbohydrate consumed. Efficiency is the

d per gram of y initially supplied. Both

grams of dry biomass




these are

p as percent in fe p

2.2.5.1 Effect of humic acids and fulvic acids on the growth of S.

acidophilum

In order to study the influence of humic acids on the growth of S. acidophi-
fum, studies were conducted where humic acids were added to synthetic medium.
‘The humic acid levels si\ldied were 0.00, 0.10, 0.15,.0.20 and 023 % at pH 2.00
and 0.12, 0.25, 0.37, and 0.50 % (w/v) at pH 8.00. The growth parameters;simh

~as biomass concentration, yield and efficiency were recorded for each level and
the resul't.s were compared. Studies were also conducted by adding th_e fulvie Iéid
 fraction of the peat in 0.25, 050, and 0.75 (w/v) lovels to synthetié medium at

pH 2.00 an@pH 8.00.
2.2.5.2 Various carbon sources

Experiments were coriducted using different sugars as carbon sources. The
glucose of the synthetic nrediu;m was replaced with arabinose, galactose, mannose,
rhamnose or Xylose in separate experiments. The resullts obtained with the sub-
stitutersugars were compared with those obtained by using glucose as the refer-
ence in order to determine the most favorable carbon source. The concentration

of the carbon source in each case was 12 g/L.
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2.2.6.3 Glucose and yeast extract
Experiments were conducted with yeast extract (1,3, or 5 g/L) which were
individually supplemented to 15 g/L level of glucose in_order to enrich the nitro-

gen content of gréwth media.

ES

/ 2.2.8 Growth of"S. acidophilum in 1 d peat hydro-

lysates

The peat hydrolysates obtaihed from HyS@,, HCl, HNO, and H;PO, acid

hydrolyses of peat were used as substrates for culturing of the fungus. The total

carbohydrate content of these h; were to

the com-

*position of appropriate growth media for the growth of the fungus.

2.2.8.1 Effect of nutrients on the growth of the S. acidophilum

To enhance the growth of the fungus, the peat hydrolysates were supple
smented with putrient mixtures. They include: 5 g/L yeast extract; 5 g/L
KHPO, + § g/L (NH,),SO4; 5 g/L KHPO, + 5 g/L (NH,),SO, + 0.4 g/L °

< MgSOy; 3 g/L yeast extract + 0.4 g/L Mg;b4, and 3 g/L yeast extract. '

A growth curve for S. acidophilum was obtained by culturing the fungus in

peat hydrolysate.
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2.2.7 Growth o(S.. idophili vln difl ‘,,. t hydrol;

The peat hydrolysates obtah‘led from modified-peats as described in Section
2.2.3 were utilized as substrates for the growth of S. acidophilum . The effects org‘
bitumens were observed by comparing peat with and without removal of bitu-
mens. The mineral nutrients which are described in Sectiqn 2.2.6.1, were added

in the media of modified-peat hydrolysate experiments.

2.2.8 Growth of S. acidophilum in peat-fish offal compost hydrolysate

Experiments were ‘conducted with supplemented, as well as “non-
supplemented fish-offal compost hydrofysates. The symbols identifying the
growth media in this study are presented in Table 2.3. A growth curve for .S;
‘acidophﬂum was ‘obtained by culturing the fungus in peat-fish offal compost
hydrolysates. The det.en;inalions of the concentration of biomass and total car-

bohydrate were carried out'at 24 hour intervals,

2.3 Analytical methods

2.3.1 pH of the peat -

' The pH ofvthe peat was determined according. to the method of the
.AD.AC. (2.172a, 1980). The method involved weighing about 3.0 g of air-dried
peat into a 100 mL beaker and adding 50 mL of H,O. The peat was allowed to
soak for 30 minutes with occasional stirring and ¢he pH was read with 2 pre-

standardized pH meter (Model 5652-00, Cole-Parmer Instrument Cé.)




hydrolysates

- - .
Table 2.3 Symbols used t0identify nutrient supplemented peat-fish offal compost

Nutrient:supplement
S "

Symbols for the growth media !

5 g/L yeast extract

5 g/L K;HPO,
+

5 /L (NH,),50,

5 g/L K,HPO,

P
Sg/L@‘/
T

0.4 g/L MgS0,
3 g/L yeast extract

Lo

0.4 g/L MgSO,

&r><d ¢ is the symbol for the peat-fish offal compost hydrolysate.

~ \




-47-

2.3.2 Total solids

The total solid content of the peat hydrolysates-and compost hydroly ul
were determined according to the method of Reusser ef al., (1958). The pH of
the sampies were‘adjusted to 7.0 with 10 N NaOH solution and the neutralized '

samples were transferred to a dry pre-weighed glass dish. The samples were eva-

porated to dryness in a vacuufn oven at 70° C to constant weight.

2.3.3 Dissolved solids

2 .

About 50 mL of peat hydrolysate was ﬁltered'through :’dry and pre-weighed
Whatman No. 541 filter paper. The filter paper was dried at 70" C to a constant -
weight. The gissolved solid content of the peat hydrolysate was calculated as the

difference. between the total solids and the total weight of the dry residue\on the

filter paper fer unit volume of the peat hydrolysate.
2.3.4 Total reducing sugars

Before the determination of the total reducing sugars, the peat hydrolysates
were purified"according to The method of Morita and Montgomery (1980), The +
process involved neutralizing 50 mL of the sample using a saturated “aqueous :;olu-‘

-tion of parium hydroxide. The mixture was c;ntrifuged at 2000 x g for 30 3
minites, and the supernatant was concentrated tg 15 mL. The supernatant was
purified by ion-exchange chromatogr?y using 3 columns in series, 5 mL each of

~
Rexyn 101 cation exchanger, Rexyn 201 anion exchanger and Rexyn 101 cation




<
<

exchanger, respectively. The sample was eluted from the columns with deionized
water. .
The content of total reducing sugar in the solution was estimated using the
colorimetric method of Nelson and Somogyi (Hodge and Hofretier, 1962). The
method involved the addition of an equal volume of low-alkalinity copper reagent
to 1 mL of sample. A standard curve was constructed usm‘g’:l glucose concen-
trations of 0, 0.1, 0%, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 mg/mL. The stan-
dards, as well as the'aample solutions, were heated for 10 minutes in a vigorously
boiling water bath and then cooled m.'room tempent’um Two mL of arsenomo- *
lybdate reagel‘n was added ‘and the solution was mixed throughly to ensure the
dissolution. The solutions were diluted to 25 mL, with deionized water and

allowed to stand for 20 minutes. The absorbances of the sami;ls were read at

~

500 nm withck?nm spectrophotometer (Model Du-8).

2.3.5 . Total carbohy: (TCH)

—"

in the peat hyd before and after

The content of tot:

fermentation wefe et:ermined by the anthrone reagent method (Morris, 1948;
Neish, 1952; Le Duy et al., 1975). Th\ method involved the dilution of the sam-
ples to the appropriate range and nddit;(;; of 4 L of anthrone reagent to 2 mL
pf the samples. The anthrone x:enggnt was prepared byf dissolving 0.2 g of
anthrone in 100 mL of concentrated H,SO. The absorbance was measured-at 540
nm using a Beckman spectrophotométer (Model DU-8). The TCH was calculated
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from the standard curve of glucose and the results were expressed as equivalent

.
concentrations of glucose.

2.3.6 Monosaécharide analysis Qc.c =
The tratioris of arabi lactose, glucose, mannose, thamnose and

xylose in the peat hydrolysate were determined according to the modified method

of Morita and Montgomery (1980). The peat hydrolysates were purified accord- '

.ing to the procedure described for the determination of total reducing sugars
(Section 2.3.4). The monoséccharide containing effluent from the columns weib
freeze-dried. F;ive mg of dry samp]e,‘was treated with 2™wdrops of sodiim

’ bo;ohydride solution for 1 hour at room temperature in \urder to convert the
r:mnosaccharides to alditols. Excess sodium borohydride was neutralized with

§ .
glacial acetic acid until the solution was neutral to pH paper. The solution was

evaporated to dryness. The residue was washed with 5 % acetic acid in order to
- 2

remove borate. M

- % LS
L The sugars were then acetylated with a mixture of pyridiae;acetic U
" (1:1) for 15 minutes at 100°C. The samples were evaporated To diryuesszand
washed with meihanol uatl the edous of pyridine is removed. The samples‘were
dissolved in chloroform and then filtered through sintered glass funnel. The
filtered fraction was evaporated to dryness and redissolvéd in chloroform. A 1041

aliquot was injected into a gas chromatograph for the analysis of monosac-

charides. - %
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Samples, and standard acetylated alditols were run on a Perkin Elmer gas
chromatcgr.aph (Model 8310) fitted with dual columns (2 mm id x 180 em) packed
wil\h 3 % Silar 10CP on 100-200 mesh Ghromosorb WHP. Dual flame ionization
“detectors were used. An oven fempetature of 200° C; and a mitrogen carrier gas

flow rate of 56 mL/min were used. '

N 3
2.3.7 Manosaccharide analysis by HPLC -
\

The standard sugar solution for the analysis of monosaccharides of peat
hydrelysate was prepared by dissolving 0.030 g of arabinose, 0.0334 g of galac-
tose, 0.0454 g of glucose, 0.0086 g of mannose, and 0.083 g rhamnose, and 0.0316

g of xylose in 4 mL of HPLC grade water and the volume was increased to 10 mL

by adding 6 mL of acetonitrile. ‘The concentration of these sugar stm}urds were

made to mateh the expected Values to be found irrfFeat hydrolysate by HP.L.C.
\ ”

The sample was prepared: by diluting the peat hydrolysate (H;SO,- P) in 1:1
ratio with disilled_water, folloved by neutralzation o pH 7.0 with saturated
Ba(OH), solution. The resulting solution was filtered throv..l.gh Whatman No. 1
filter paper to separate the residue. The supernatant was svaporated to dryness
using a Rotavap. Then, the sample was dissolved in 4 mL of water and 6 mL of
acetonitrile was added to the solution. The mixture wbs thoroughly mixed and

passed through an amino-carm/dge. The clear sample collected was filtered

R .
through 0.45 4L filter. g
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A Waters Associate Liguid Chromatograph (pump Model 6000 A, Waters
Ass:c. Milford, MS., UéA] was ‘used in this study. Acetonitrile : water (80:20)
(v/v) \ﬁé’dégass@)be!ore using as ‘the sclvent‘. The flow rate was set at 1.5
mL/min./ Two Supelcosil LC—NH2 colllmns attached in series, {2 x (25 cm x 4.6
mm); Supelco ‘Canada Ltd., Oakvllle. ON, Cat. N/IB-QUBS) These analytical
\c lumns were prot_ected by ‘u/slng a gyuard column .(2 cm x 4.6 mm, Supelco, c?t

i
‘Wo. 6-0068). | ! '

-

Injections of 25uL of the peat sample as well as standard solution were made
uﬁing a 25uL syringe (Supelco. Cat. No. 5'8656‘) into a chromaiug‘raph injector
system (Waters Assoc., Model UBK). - Difforential refractometer (Model R 401,
Waters Assoc. Milford, MS. USA) were used to monitor the effluent. The refer-
ence cell of the refractometer was filled with the HPLC solvent. The chromato-
s e e dodon B bar Ol Felorder (ModelPRi2s, B Safgsiit &
Go.). The attenuation of detestor was 1 at 2X and integrator was 4X during.
the recording of the chromatograms. Tile chart speed was 0.5 in/min and pres-

sure during the experiment was 1000 psi.




2.3.8 Moisture

The contents of moisture in the peats were ddtegmined according to the
method of '.L!e AOAC (7.003; 1980). The dazrmin;lion involved drying a quan-
tity of sample containing approximately 1 g of dry matter to constant weight at

90 - 100° C under vacuum.
2.3.9 Biomass w

The b:omass determination was carried out by filtering the fermented media
through pre—dned,Whatman No.1 filter papers. The filter pspem con!mumg the
mycelial biomass were washed with distilled water to remove the [ermentnuon
broth and oven dried at 60°C to constant weight. The dry weight of initial ino-
culum was snbtrm:wd lrom. the dry weight of the total total bloma.wto obtain

the dry welght of the blomm produced in each fermentation.

2.3.10 Total nitrogen-and crude protein

The contents of total nitrogen in raw peats, peat hydrolysates and the
biomass were determined by a modified micro-Kjeldahl method (AOAC 47.021;
41980). The method involved digestion, di;lillation, alnd titration. In the digestion
step,”l g of ground dry sample was placed in a Kjeldahl digestion tube. Two
Kijeltabs (S 3,5) were added to each tube containing the sample and the blank,
Twenty five mL of concentrated H,‘SO‘ was carefully added to the digestion

tubes and digested on Kjeltec Digestion-System 6 (1007 digestor, Tecator Inc,

-

>~
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Boulder, Colorado, USA). The digestion was continued until the sample.turned
colorless or clear. About 100 mL of water was carefully addm\‘l as soon as'the
¥ — \

liquid reached room temperature. .

To each digestion tube was added 50 mL of 40 % NaOH solution before con-
necting on to a Ammonia Distillation Unit (Kjeltec system 1002). The distillate
was collected in 50 mL of 4 % boric acid solution with indicator. The distillation
was continued until a total of 150 mL solutilon was collected. The flasks contain-

ing the distillate were capped tightly until further use in titration.

The third step involved the titration of the distillate against a standard solu-

tion of 0.1 M HySO,. The values obtained for the titration were used to calculate

the % nitrogen values. JThe content of crude protein w: \ﬁalnulated from the %

nitrogen content using the conversion factor (N x 6.25),

2.3.11 Total lipids

The content of total lipid in the peats, peat hydrolysates ard the biomass
were determined according to a modified form of method reported by Folch et al.,

(1957). The method involved homogenizing 1 g of the powdered sample with 19

mL of chloroform;methanol (2:1 v/v) mixing with a polytron setting of 20 for 2

minutes. The homogenate Was allowed to equiliblate and the final volume was

adjusted to 20 mL with chloroform:methanol mixtute (2:1 mixture). It was then

filtered through glass wool washed with 7.5 mL of the chloroform:methanol mix- "
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ture. To the crude lipid extract was added an amount of 0.9 % NaCl solution
equivalent to 20 % of its volume. The mixtufe' was shaken vigorously and the
phases were allowed to separate upon standing. The volume of the chloroform
layer wag recorded, awmu/alcohol Iayedl: was removed by siphoning. The
inner surface of the cylinder was washed with methanol and the final volume was
made up to 20 mL by the addition of the chloroform:methanol mixture. The
mixture was allowed to separate into two phases by standing and the upper layer
was removed as described before. The chloroform layer, which contained the
lipids, was Etransferred to a weighed flask and evaporated to dryness in a oven at

50 ° C to remove the solvent. The lipid-tesidue was redissolved in chloroform and

» the non-soluble portion was separated by filtration. The filtrate was finally eva-

porated to dryness and the flask was weighed to determine the total lipids.
2.3.12 Ash \ .

‘The content of ash in peats, peat hydrolysates and the biomass was deter-

A
mined according to the method of the AOAC (14.006; 1980). The method

involved weighing 1 g of sample into a previously dried, cooled porcelain crucible.

The sample was ignited in a muffle furnace at 600.° C for 16 hours (until only a

gray ash remained). The crucible and the contents Swere allowed to cool in a des-
1 s
sicator to room ture. The ash was moistened with distilled water to dis-

solve the soluble salts, dried slowly on a hot plate, and heated again at 600° C.

. 1
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2.3.13 Amino scids | N
The previously dried samples were hydrolyzed with 6 N HCI under vacuum

for 24 hours at 110" C. The samples were reconstituted with 0.6 M lithium
citrate buffer and analyzed with a Becknian 121 MB amino acid analyzer using a

single colymn method. D

2.3.14 Total acidity

The total acidity of the humic acids obtained from the peat was deterfiiied »
according to the method of Schnitzer (1978). About 0.0 to 0.1 g of the humic
material was weighed in a 125 mL:grouud-gl&s stoppered Erlenmeyer flask and
s oEON Ba(OH), solution was added. Siriultaneously, a blank was made
with 6nly the 20 mL'of 02 N B:kOH)._» The air in the flasks was displaced by

Ny, and the flasks were stoppered carefully and kept on a shaker for 24 hours at

room Afterwards, the ion was filtered and the residue
washed with COyfree water. The filtrate was titrated against 0.5 N HCI to pH

84. The total acidity was calculated as follows : —

\
(Volume of blank - volume of samplé) X normality of acid X 1000
weight of sample

= meq. of total acidity / g of humic material
2.3.16 Total carboxylic groups

About 50 mg of the humic acid material was weighed into a 125 mL

ground-glass stoppered flask and 10 mLof 1 N (CH;C}OhCa solution and 40
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"\ mL of COpfree water were added. A blank was set up simultaneously. After

shaking for 24 hours at room temperature, the suspension was filtered and
washed with COy-free water. The filtrates were combined and titrated against a
standard 0.1 N NaOH solution to pH 9.8. The calculation used to determine the

total carboxylic groups of humic acids is as follows.

[Volume of sample ~ volume of blank) X normality &f base X 1000

weight of sample in mg
= meq carboxy groups / g of humic material

2.316 Phenolic hydroxy groups

The concentration of phenolic hydroxy groups was obtained by calculating
the difference between thé total acidity and the total carboxy groups (Schnitzer,

1078).

2.4 Statistical anslysis

The data obtained from the shaker flask experiments represent the ‘mean
vilue of three experiments. The data for the proximate analysis‘ol’ peats, peat
hydrolysates, compost, compost hydrolysate, represent the mean values of three
determinations,‘Compxli!on between the means were made using the Duncan'’s
multiple range method-one way program in 'SPSSx subroutine of VAX at

Memorial University of Newfoundland Computing Services.




CHAPTER 3
RESULTS AND DISCUSSION

+ 3.1 Chemical composition of peats

The contents of carbohydrate, nitrogen, lipid, amino acid, and ash in the
Sphagnum peat and the .modified peats produced by removing either bitumen,
_ humic acids or both were determined. The results of the chemical analyses Jf the

peat and modified peats are presented in Sections 3.1.1 and 3.1.2.

3.1.1 P’roxim.te composition of peat and modified peats

) The proximate analysis of the pel.é and modified peats are prue;led in
Table 3.1. The peat used in this work was acidic; with its pH ranging from 4.2 to
4.8, which agrees with the range reported by Smith ef al.*(1958) and by Fuchs-
man (1980). However, this range is higher than the one reported by Pollett and

Wells (1977) for some Newfoundland peats.

It has been reported that the content of moisture in peat is approximately 85
- .

% by weight (Puustjaivi and Robertson, 1977; Fuchsman, 1980). In this work,

the moisture content of the peat was reduced to approximately 67 % during

storage. The modified peats showed low moisture conteiits because  their

preparation involved either air-drying or oven-drying. The contents of moistur;

in the modified peats was found to be in the range of 6 to 10 %.

4 ' -57-




Table 3.1 Proximate composition of the peat and modnﬂ{pealsl

£

\

3
Content {7617

Components Peat  Debituminized Peat with bumic Debituminized
' peat acids removed  peat with bumic
acids removed
Moisture? 866+12" 10310 612060 2 {:09¢
Total solids!  33.4£07°  8e7=1.0° 03.9400% 91.6£08%
Total lipids ~ 48+18°  115:001° 07£21° 0.85:0,03¢
Total nitrogen  0.66£0.05°  0.6£0.05°  0.38:0.04" 0.24£0.05°
Ash 43£02°  4820.0%¢ 66140 10.6412%

! \ean values of three experimeats = standard deviations.

2 Dry weight basis.

3 Percentage of wet weight.

4 Determined by the difference between total dry weight and dry solids.

Values in the same row with the same superscript are not statistically different (P

> 005).
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The amount of total solids was lower in the peat than in the modifed peats.

The content of total solids was higher in the peat from which humic acids had
been removed than in the other modified peats. No statistically significant
differences (P > 0.05) were observed between the content of total solids in

modified peats.

‘In gengral, peat has a content of lipid ranging from 2 to 6 % on a dry weight
basis (Fuchsman, 1980). "[‘he lipid content of the peat used in this work is com-
parable with the values reported by Black et al.,, (1955). As expected, the con-
tent of lipid was higher in the peat from which the humic acids were removed

than in debituminized peats.

The content of total nitrogen in the peat wns'wil.hin the range reported for

2 ’ %
Newfoundland peats (Pollet, 1972). The values of the modified peats were below

the values observed for the peat. It has been reported that the nitrogen content
increases with degree of decomposition (Puustjirvi and Robertson, 1977), and the
depth from which the samples were.o’l‘)hined (Black et al.,1955). The content of
nitrogen was lower in peats from w]xicl! the humic uids' were removed than in
the other peats. Humic acids contain amino acids in their structure (anhsmm,
1980). So,,the removal of ;.he humic acids could account for the lower nitrogen
content (Fuchsman, 1980). The content of ash in the peat was within the range
reported by Black et al,, (1955) and was slightly higher than the value reported
by Fuchsman (1980).

\

= {

\




3.1.2 Amino acid composition of the peat and modified peats

The content of amino acids in the peat and modified peats are shown in -
Table 3.2. In the peat the'predominant amino acids were glycine, alasine, aspar-

tic acid, serine, glutamic acid, threonine, and valine, in decreasing order of con-

Generally, signi diff (P > 0.05) were not observed in the
amino acids between the peat and the debituminized peat. As expected, when
humic acids were removed, there were decreases in the concentrations of most of

the nmir% acids of peat. It was observed that some amino acids, such as cysteic

d

acid and hyd yproline were d in jon during the removal of
humic acids. However, significant increases were observed in the concentrations
of arginine and glycine in the same samples. This could be dne‘bo_ the location%f
these amino acids in peat. They show/decmsed concentn‘tion if they are a part
of the humic acid complex. If amino acids are found in protein form, when the

humic acids are remﬂvQYrom peat, their concentrations may show an increase in

relation to thz total peat weight.

3.2 Composition of peat and modified peat hydrolysates obtained

from hydrolysis of peats with H,SO,
3.2.1 Proximate analysis

The ;;mximate composition of peat and modified peat hydrolysates are given

in Table 33. The main carbohydrate constituent of peat is cellulose. When



' -61-

" Table 3.2 Content of amino acids (<) in pest and modified peats !

z

Amina acid Peat  Debituminized Peat with humic  Debituminized 4
peat acids removed  peat with humic
acids removed *
-

Alanine 1170£0.67% - 10.00=2 470 120042 35°
Arginine 3.06+0.49 11.11£0.21%
‘spartic acid  9.9240.36 0072042%% 0031030
Cisteic acid 0.29£0.00, —— -
Glutamic acid 092074% 2700204
Glyc:ne 174820 ss 1469+1.36°

183+0.2¢°

v 0590 m‘ 019200 04220, .s - 0.46+0.08"
Hydroxygrline 121£0.31>  093+0.02 e
Foleucine 342000  399:0.75° 3522033 3384038
Leucine . 561+060" 646074 438001 6384051
Lysine 0.28" 36404207 10720.45° 2960210
Methionine ~ 073%0.00*  064:0. osb 0.22+0.00° 0.66:0.10
Phenylalanine  3.23+0.26 35408  2.02:1.007 316007 -
Proline 14250007 . 7.44gt0. 0% 2581100 6.51:£0.60°
Serine 0.08+0.08"  7.64:0. 34, 8.53+1.20% 713+1.28
Threonine 8424052  7.47+£0.68°  6.40+1.43" 7.08+0.81%
Tyrosine 1244032  1.9240.09 0.4840.21 1.050.35"
Valine 753+£1.08°  5.35+£1.73°  590+137° 0.71:£0140
! \fean values of three determiniations -+ staadard deviations. p

----- Trace amounts.

Values in the same row with v.he same superscript are not statistically dnﬂerenv. [P
> 0.05).
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Table 3.3 Proximate composition of hydrolysate of peat and modified peatss'

. e

. onrrnlrjn ig/L)

Component P DP P-H DP-H
TCH 90204 201208 31=28  137-00"
Total reducing sugars I'E36+1.28 114%102°  1310-0.50°
Total lipids 06437 L 40:0.04@
Total nitrogen ; 1.40+0.02
Ash b £ +038 17 44t 2 bigs
Total solids 105.3£32%°  101.45£0.14> 115.23+2.160 109.33:+4.35"°
Dissolved solids 74.88+3.18%  42.243041° 56.07£192°  542+0.16
4 Mean values of three determinati + standard d

Values in the same row with the same superscnpl are not slausucally different (P
> 0.05).

<

~



hydrolyzed this., eomponem. produces simple sugm suitable for the use as carbon
and energy sources in fermentation processes (Martin and Bailey, 1984). 'l'lle

hydrolysis process is designed to produce a maximal content of fermentable car-

bohydrates in the hydrolysate. ;
) / .
The total carbohydrate (TCH) ion of the modified peat hydro-
A ] ‘ -~

lysates are lower than that of the undil

d peat hydrolysate, indicating ‘that
some carbohydrate must have been lost during the removal of bituflens and
humic acids. Therefore, as might be expected, DP-H had a lower TCH value

Lhal:A any other hydrolysate.

"l‘he total reducing su@u‘- content was the highest for DP hydrolysate when )
compared to other hydrolysates. There was no statistically significant difference
(P > 0.05) for the total reducing conu;lt in P and PH as well as P and DP-H
hydrolysates. The reason for the high value for total reducing sugar in DP muld.
“be: e o Selker digutlon. ol ibkse salickances i ‘Abodase: o Wikuniisass Chitg

(1985) reported that debituminized peat produces higher values of total reducing

fugar in the solution compared to the peat. * £

>
As expected, the content of lipid in the DP hydro]ysates were the lowest and

fhe P-H hydrolysate showed the highest lipid content. The hpld\:ontent ot HP
and DP-H were not statistically different (P > 0.05).
N 4 -

.
The - content of tBtal nitrogen in the peat hydrolysate increased with the




removal of bitumens. The contents of ash in P-H and DP-H hydrolysates were
higher compared to thuse\o[ the hydrolysates from which the humic acids were

nﬂ(t' removed.
A

The type of peat used, degree of d ition of peat, e, and
. .

retention time for hydrolysls, and the method of separatlon of the hydrolysate
fhill influence ‘the ;oucentmtmn of total sohds in peat hydrolysates (Manq- »
Tawiah, 1087). The content of total solid i the P and'DP hydrolysates were not’
st::tistically different (P > 0.05). The dissolved solids xv:_:re fou;|d to ’higher
for P than for the mod_iﬁed hydrolysates. This may be due to the re al of
s;:me of the dissolved solids during the modificatian protocols. ]\_lo statistically
significant differences (P > 0.:5) were obtgined [o; the dissolved solids in P-H

and DP-H hydrolysatés. \

3.2.2 Content of amino acids’ \

The content of amino acids in the peat and modified peat hydrolysates are

presented in Table 3.4. Usually, higher i of amino

acids were obtained in the DP d to the P hydrol The expl
for Lhi; could’ be the removal of bitw facilitates better digestion of proteins
into the solytion. Asit was o,bserved&lid peat samples (Table 312), P hydro-
lys‘ate contained higher conc":ntmtion of alanine, aspartic acid, glycine, threonine

and valine than the other amino acids. In general, lower\gneentrations of amino

acids were observed in DP-H compared fo.those in P, DP, ayd P-H hydrolysates.




Table 3.4 Content of amino acids

\ -85~

(%) in peat and modified peat hydrolysalul

Amino acid P DP P-H DP-H
b <
Alanine 126040550 154004  1273:0.04°
Arginine 1.56:0.00 1.76£0.01*  0.57:0.00°
Aspartic acid 14752076 16202004  150120.73°  15.1420. 02%
Cysteic-acid 1.60+0.51% — . - ——ie
Cystine 0.140.01 0.33:0.01*  0.10+0.01° o,us*am"
Glutamic acid 6152047 © 7.36:006%  7.50:0.20°  7.ssxo. 20"
Glycine 1651£0.57,  1883£0.06° 146440117 145320, es
Histidine 1.49£0.03°  1799£0.04>  0.92+0.01° 0.08+0.05°
Hydroxylysifie  080£0.25°  1.63:001°  1.0040.00 0.97+0.04°
Hydroxyproline  151+0,00* -
Isoleucine 282:£0.06) 3.86£0.00>  1.81£0.03° 19+0.1°
Leucine 468£0.01)  571£0.08%  2.8040.16 2.18+0.68
Lysine 273£0.06”  3.4240.068°  1.17:0.10 1.390.08°
Methionine 27540017  0.34:0.03°  0.35+0.01° 0.53:0.08
Phenylalanine 162£0.04)  2.03:0.01>  0.86+0.00° 0.61:+0.11
Proline 375£0.01°  471£0.01"  3,65+0.00° 2.80+0.18
Serine 7T54+1.85%  3.23:0.01 7.60+0.33% 8.01£0.34%
Threonine £0.53£0. 01‘ 6.07£0.28°  7.57+0.41 6.76+0.42°
Tyrosine 2.2730. 25 0.32:0.00°  1.47:0.52° 1.03:0.00
Valine 777£1.3¢%  7.020.11%  7.250,87° 8:48+1.56% ~
~

! Mean values &f three det

---- Trace amounts.

+ standard d

Values in the same row with the same superscript are not statistically diferent. (P

> 0.05).
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3.2.3 Ch phic analysis of harid,

Carbohydrates are widely distributed in nature’ Since they are present in
nature in various forms and Cher(% are many isomers and analogues, separation of
carbohydrates involves more difficult problems than those of proteins and nucleic

acids (Kakehi and Honda, 1986). However, analysis of sugar and sugar mixtures

is of consi and growing. i in food industry (Aitzetmbller, 1978; -

Conrad and Palmer, 1976; ¥ang et al., ]98'1).

Carbohydrates have been analyzed by classical chemical and enzymatic tech-

niques (e.g, gas, paper, thin-layer, liquid-partition, ion-exch and gel-

* fltration ch aphy). Though i h liquid-partition, and gel-

filtration methods have excellent resolving power, however, they are slow and- \
G

time consuming. Rapid separations can be achieved by gas chromatography
(GC), but only after formation of volatile derivatives. Recent developments in

g
and the microparti-

high p ance liquid y (HPLC)
6

culate column packings allow direct and rapidqfetermination of sugars, including

oligosaccharides in food and beverage industry (Conrad andsPalmer, 1976): It

’
has been reported that HPLC offers a rapid analysis of a large spectrufh of sac- ~

charides and requires a minimum snmplé preparation (Linder and Lawhed, 1975).

Recent devel in HPLC combined with 0 ' (Kato

A
and Kinoshita, 1980) as detector has been investigated to determine the com-
.

ponent sugars in hydrolysates of soil polysaccharides (Hamada and Ono, 1984),

7 .
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Several researchers worged on nnalysu of sugars from soil samples (Morita

and Montgontery, 1980; Hamada and Ono; 1984). Their work included the tech-

nique of i h b f. gas ch ¥, and HPLC com-
bined with fluorescence spectroscopy. In the present work, the analysis of peat

in the hy was carried out using the GC technique. T

addition, preliminary studies on the usefulness of HPLC for carbohydrate analysis

was carried out.

3.2.3.1 Analysis by GC technique »
.

The tnmpf’mture and duration of the hydrolysis procedure influences the
amount of free sugar produced during the hydrolysis of peat. _Longer reaction
s at ighi Pianpecabure will resalt T a st desresse fn Tree sugarcopoenteaiion
because of the destruction of free sugm (Le Duy and i.lroche, 1983; Fosb;rg et,
al., 1986). It .hu been reported that the amount of hexoses dem;.asaf. with an
increase in the decomposition of the peat sample (Morita and Mun".gomer’y,ﬁﬂso)..

~ =

In general, 121.11 °Cis consit}red as a optimal temperature to hydrolyze peat in
.

order to use the hydrol, ate as f it b (Martin and Bailey, 1984).

. |
’}Qe content of major monosaccharides present in the hydrolysates of peat
are summarized in Table 3.5. The values of monosaccharide composition in DP
and P-H hydrolysates of this study are campnred/zh tho‘? values in P hydro-

Iysate taken from the gwd)} of Manu-anmI, 1087, The content of each of the

harides in the‘ puqt are d as pﬂcent of the total

¥




Table 35 Chntent of monosaccharides in hydrolysates cf peat!
¥ A

Percent of total reducing sugars

—
) |
Monosaccharides P DP P-H
.
Arabinose 2.431“. b 2,400 02° 3.68£0.06°
Galactose 19.07£1.67% 15.83£0.117 21.9511.48%
Ghucose 3R20£131° ° 23,1621 23 23.61:1.09°
Mannose 16.46x1.83% 17 96+0.05% 9.2020.07
=

Rhamnose 6.0621.62° 13.68+0.90* ~ 12.3£1.42%
Xylose 12.0341.1¢ 23.63+1.10% 23.5641.25%

! Mean values of three determinations + standard deviations.

\

! Taken from Manu-Tawiah, 1087,

Yalues in the same row with the same superscript are not statistically different (P

‘e /
& 005) » )
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r‘educing sugars. Hexoses represent more than 50 % of total sugars in which glu-
cose was the most abundant hexose sugar followed by galactose and mannose,
except in DP hydrolysate where the glucose was followed by mannose and galac-
tose. Similar observatio’ns were reported by Fuchspan, (1980), Morita and -
Levesque, (méo) Morita and Montgomery (1980), and Black et ol (1955). The
concentration of hexoses was lower in DP and P-H compared to P. Interestmgly

the concentrations of rhamnose and xylose increased almost 2 fo]d compared to

the P hydrolysate. \ )
3.2.3.2 Analysis by HPLC technique z
The itative analysis of harides in b of peat‘ by

HPLC are presented in Figure 3.1. Figure 3.1.a. shows the chromatogram of a
mlxture of monosaccharide standards comprised of five major .monosncchnnda

l'ound in peat hydrolysates, rhanose, xylose, mannose, g[ucose and galactose

Figure 3.1.b shows the ch of a peat hy snmple, which was
prepared following the procedure described in Chapter 2 in Section 2.3.7. The
sample was concentrated 3 fold from the original hydrolysate solution. By com-

paring the elution times of the peat sample with those of the standar‘d i c}&he

seen that all five monosaccharides are present in the peat hydrolysate. Arabinose
\Lvns not detected although this pentose was observed to be present in low concen-
tration by GC technique. b/
¢
Quantitatively, the-results of I:lFLC analysis of the,monosaccharides in peat




’ Figure 3.1 a. Reconstruftive ~H]"‘LC chromatogram of mixture of sugar stan-

dards. b. R ive HPLC ch of p d peat hy
. (H;SO, P). Experimental conditions: flow rate = 1.5 ml/min, detector attn. 2X,
e .
integrator attn. 4X, and chart speed 1 in/min.
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hydrolysates are unsatisfactory at the present time. The total amount of
monosaccharides detected by HPLC is substantially lower than the that observed

by GC analysis. In addition, there is a discrepancy betweén the ratios of the

s
'monosuch;ride's measured by HPLC and GC.

I
Sample preparation involved in HPLC is more important and complex than !

n i : e i
that involved in GC analysis. Desalting and concentrating sample’are frequent

prerequisites for the quantitative HPLC analysis of sugars in extracts of a biologi-

of these

cal material. Also is severely ised by
protein, lipid, and cationic contaminants (Honda, 1084). S_umpt concentntion‘
.procb.dures involving freeze-drying results in removal of low and intermediate
molecular weight components by the vacuum which may make the quantitative

HPL_C _jnalysis of n:utrn‘.l sugar extract of plant material almost impossible (Keel-

ing and James, 1986). Any or all of these problems could have accounted for the

unsatisfactory analysis by HPLC. More work needs to be done in-this area if

HPLC is the analysis technique of choice, particularly the use of a more sensitive

detector. &

3.3 Chemical ition of undilutedgpeat hy ates obtained

from hydrolysis of peat with HCI, HNO,, and HyPO,
\ . :

The acids HCl, HNO;, and HyPO, were used besides H,SO, in order to
obtain the hydrolysates from peat. The comparison of these hydr’olysntes are dis-
cussed in subsequent Sections.

- X - . .




' 3.3.1 Proximate analysis

The i analyses of J\“ d peat hy obtained with HCI,
#HNO;, and HyPO, are presented ‘in Table 3.6. Th;ase values are cﬁmpar;d with
the values of hydrolysate obtained from the Hy;SO4 hydrolysis of peat. These‘
hydrolysates showed lower concentration of TCH compared to the H,SO, hydro-

lyzed peat (H;SO4 P). The lowest value of TCH was observed in HC- P.

The concentrations of total reducing sugars in the HCl- P, HNO- P, and
HyPO,- P were also lower compared to that of H,SO,- P. Statistically sigrificant
differences were not observed between the HCl- P and HyPO,- P hydrolysates for

the concentrations of total reducing sugars.

The contents of total lipid in the H;SO,- P and HNO;- P were not statisti-
cally different (P > 0.05), and neither were the lipid contents of HCl- P, HNO3

and HyPO,- P.

The highest value of total nitrogen content was obtained for the HNOy P

hydrolysate, mainly due to the presence of nitrogen in nitric acid.
. v .

The content of ash in all the hydrolysates were not statistically different (P
> 0.05). Therefore, it can be inferred that the hydrolysis process did not effect
the percent ash’ content.

3 ‘ \
Lower values of total solids were observed-in HCI- P, HNO;- P, and H;,FQ;
% # 5

N




Table 3.6 Proximate composition of undiluted hydrolysates of peat obtained

»
with different acids’

Concentration (g/L)

»
"

L A}
Components HSO-P  HCLP  HNOyP  HPO. P
TCH 9.4 201:06°  264x24> 1825090
Total reducing sugars 11.36+128%  7.28:062° 1312020°  7.25:0.21°
Total lipids 11.420.4% 9.474054° 101321.07*°  8.4240.80"
Total nitrogen 12:01*%4  11001%¢  1sz02b 0710309

Ash
Total solids

Dissolved solids

86+£06% ,  7.5:4.1°

105.3432%  -7878+3.08

74.8843.18ua 18.3541.56°

9.1242.2° 7.13.0*

37.6041.23  72.2315.73°

13854562  20.63£0.55"

! Mean values of three determinations + standard deviations.

Values in the same row with the same superseript are not statistically different (P

> 0.05).
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P compared to HySO,- P. The amount of total solids was the lowest in HNOg- P A

d to the other hydre Similar observation was also made with dis-

‘ « <
) solved solids. Only 23 % of the total solids in HCI- P, 37 % in HNOg- P, and 41

% in HyPO P were recovered as dissolved solids. However, the 'HCk P and
.

HNOg P did not show statistical. difference (P > 0.05) in their dissolved solid
values. i
- -

3.3.2, Content of amino acids

7~

The content of amino acids in the undiluted hydrolysates of peat obtained

with H,SO,, HCI, HNO,, and HyPO, hydrolysis of peat are listed in Table 3.7.

Alanine, aspartic acid, glycine, serine, threonine, and valine were the predom-

inant amino acids in most of the hydroly . The ions of

and proline were the highest in HNO; -P hydrol. In general, hydrolysis of -
N Y Lo

peat with HNOj resulted in the lowest concentrations of amino acids. The con-

centrations of many of the amino acids did not show statistically significant

differences (P > 0.05) between HCI- P and H,P?n P hydrolysates. \’
\
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Table 3.7 Content of amino acids (%) jo undiluted pe}uydmlmm obtained
by hydrolysis T peat with different acids

Amino acid HySO¢ P HCI- P HNO3- P H3POy P
.

H.lTﬂ).lOa 13.32+0. 4ab l'll'liO.le 12, 1310.6lb .
A 1.4540.01 0.7 5i0xll < 0.94£0.01 b.79;20>02t
16.06+0.03¢  19.74+0.36* 8.98+£0.00° 17.69+0.18
. 0.19:£0.02 0.07:0.03° 0.3640.06>
R Glutamic acid 5.4540.11° 5.50+0.16%
Glycine 14.65+0.29° “14.33£0.29°
‘Histidine L. soio o' 0.35+0.09° . 0.96+006°
Hydroxylysine  1.3120.01° +  138£0.17°¢  5.61£0.36° 1.7440.07
Isoleucine 2.9340.02, 2.02+0. 07c © 4.34£0.04° <
Leucine 1564£0.04 3.260. 04 5.40+0.00% 3.0840.25¢
“ Lysine . 290£004  1.8540. 05° 1624021°¢  1.3930.01¢
.. Methionine 0.38::0.01 0.33:0.00° 13324068 ©  3.440.16>
. Phenylalanine  1.6040.03>  1.06:£0.06° 0.41+0.11% 1.31:0.09
Proline 411£0.04%  3.08£0.00 13.32+0.68° 3.44+0.16)
Serine 191£0.05°  9.1240.11% 2.2040.23 7.980.00°
Threonine 8.44:£0.03 9.16+0.24> T 1.2430.14° 9.1540.042
Tyrosine 154+003°  0.90+0.02° 0N120.04 1.40:£0.09,
Valine 605+0.04°  11.56+1.33%°  7.604£0.20 9:94£0.70"
! Mean values of lhle&elerminations + standard deviations. .
Values in the same row with the same superscript are not statistically dlﬂ’erent (P
> 0.05).
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3.4 Chemical compositiop of peat-fish offal compost and compost

hydrolysates -

3.4.1 Proximate analysis

The proximate analysis of peat-fish offal compost is preseuu?d in Table3.8, *

“and the composition of compost was compared with that of peat. The moisture

content of the compost sshrgc.e.ived was. lov}e\r than that of.the peal.l The total ]

solids in compost were higher, whereas ll}e total lipid content of compost was
p - b

much lower than that of peat. However, the contents of total nitrogen and ash’

of the compost were about four times higher than that in the peat, The total

nitrogen content in the compost is within the range reparted' by Math}xi et al.,

(1986). :

N

The proximate analysis of the compost hydrolysate (C) is listed in Table 3.9."

and the comparison between P and C hydrolysates is also presented. The TCH of

C liydrolysate was significantly (P > 0.05) lower than that of the P hydrolysate. %
4

As the cbmpost was prepared by microbial’ decomposition of a mixture gfpeat
and tish waste (Mathur et al), it should be less organic and poorer in carbohy-
drates than in peat. Nevertheless, the contents of total reducing sugar in P and

C hydrolysates did not show statistically ‘signiﬁcant differences (P > 0.05).

It is surprising that the total lipid content value of the P hydrolysate was

higher t?" that of the compost hydrolysate.
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g8

i Tible 3.8~ Prgximate composition of peat and compost!
. h L = .
3 " rt o8
- . 2 Coucentration (¢ dry weight) 5
. 1

/ Components v Peat n Compost \

3
Moisture”

70720,
Totalsolids® » 1207 720340.77%
. Total lipids 18418% . . osos00dd L. ;
- © o Toulniggen 0.66:£0.05 255010 /;
s s 3 w02 jpsaas® .
* ¥ fban values of Hirgs determiastions & sténdard deviations;
2 Percentage of wet weight. : =
— 3 Determined by difference bmn the total weight and percent moisture. /

Valtes in.the same row with the same superscript are not statistically different (P

- T > 005
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- Table 3.9 Proximate composition of peat hydrolysate and compost hydrolysate L
s .

A - ’

( ¥

Concentration [ g/L )

Components P c
TCH 49.0:0.4* 14.15+080°
Total lipids 11,4204 - 1.92:002P
3
Total nitrogen RERIY L 272050
Ash 8.6306° 13.8540.56%
- Total solids 105.343.2% ) 43.57£3.33°
. .
Dissolved solids - mdssnis® o soarxsi®
Total reducing sugars 11.56£1.28% - | 1064022 T,

! Mean values of three determinations + standard deviations:

v s
Values in the same row with the same superscript are not statistically different (P

> 0.05).

.



e

" lower (P > 0.05) than those of P hydrolysate. \ : !
N

Th- totnl nitrogen content inC hydrolysnte ‘was about 2.3 timeés hlghu' “’"T“" .
that |n}‘P hpdrolysaie, The proksiuacsbas: aximal tewses degridid forprolies

higher values of nilrogen content in compost and compost hydrolysates.

@ : ) . 5 0
The content of ash in C hydrolysn'.e was highér than that of the P-hydro- o
Iysn',e The inorganic content of compnst contributes to l.he formation of h\;her'

ash contents in compost and compost hydrolyulu &

' i 5 ‘

" The, total-solids" and" dissolved solids of C hydrolysates were statistically \_ -

- ‘e
3.4.2- Content of amino’acids )

The content of amino acids in compost \.nd compost hydmlysnte are
prsented in Table 3.10. The concentrations of nhnmz, upuuc acid, gluh.mlc
acld glycine, proline, serine, threonine and valine were high eompared to the

otha amino acids in compost nd(well as in compost hydrolysate. Leucine was

also high in compost. The concentrations of alanine, . cystine, serine,! and X

h

showed no istically signifi diffe (P > 0.05) for compost
and compost hydrolysate. '
. . ' ® 4 N

3.6 Growth of S. acidophilum In synthetic medium

The’ i‘&ult‘s ob!;ined from the preliminary studies with the synthetic

medium are presented in Table 3.11. “The highest values of growth paramefers




i . Table 3.10_ Content of abjno acids (¢) in compost dnd compost hydmlysaul
4 N e

Y Amino acid ‘é Composl) Compost bydrolysate
3 — - 'i

Alanie- v10.13:0.4¢° 10.77£0.03%
Arginine 3.34 : 0.33£0.05
Aspartic acid 7 £ 9/980.20, waszdu
* Cysteic acid .39+£0.01 3. ;D:&DGJ
Cystine ¥ 0.31£0.01% =y “0.45+0.24°

Glutamiec acid | T 9832006 10.10£0,06* -

Glycine 12.30+2.43 16.90+0.06" =
;s «  Histidine , © 2.76£0.21% 0:64£0.03"
3 Hydroxylysine 3 0.624£0.02 2.66+0.05%
. dems roline. .. L36+0.94 3.9240.047
o Isoleucine 3.0120.16° 1.530.02°
©© Leucine. ) 6.55+0.19° 2:340.08°
Lysine - ! 2.96+1.22° 1.38+0.01

~  Methionine . 1.030. w‘ Shm B
Phenylalanine : *3.5740. 43 1.4640.01,
' Proline 4 . 6.58£0.15% e 4:3240.04
Serine .. ‘7.47:087% 7.70+0.01%
- | Threonine .- B4d:0.67* 5.4040.01%
L7 Tyrosine . : 1.96£0.08* 0.66::0.00,
56010 12°

“Valine - L -B.07:0.05%

3 —4
1
x . 1 \ean valw srminations + standu}!{inions,‘ sl

\ > 005).
1

2
'alnes in the same row with the ipt are not statis

ly different (P
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Table 3.k1 Effect of initial pH and inoculum ratios on !:he gro‘wth of S: ael}léphi— C

tum in synthetic medium W e

Inoculum ratio (v/¥)

e - 10% - b
pH adjusted to  pH not pHadjusted to  pHmoot? ~~J ' °
2.00 adjusted . 2.00 adjusted
Bioinass cone. (g/l,) v L8 024100 74420007,
Yield () 7 80524102 6 722410 ol{
Efficiency (%) 66:83+1.6% , 84 2543, 0%0 63835140 B15L2a5C
P

! Mean values of three expénments + stnndard devlalmns '

pH=131015 -
Values in the same row with the same superscnpt are not mhmcany different (P

" >"0.05). w . y . -
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s .

were obtained with 5 % inoculum at & 2.00. However, no statistically different

3

" [v/v) inoculum ratios in both pH adjusted and Bon- sd]Ued medm The values

“- . of yield and efficiency were'in the same rgn{e“@es The highest value of

] efficiency was obsérved in media with pH 2.00 and 5 % inoculum.

From Lhese ‘Tesults it ean be Zconcluded that § % (v/v) inoculum is beﬁ.er

campared to 10 % lnoculum This rwult was attnbuled to the producuon and

b

of s from p jon of S. idophil Therefore,
with higher inoculum ratio, a higher concentration of growth returding products
" are transferred to the growth media and decrease the growth parameters of the

fungus (Marfin and White, 1085). Tn'this work; at pH 2.00 a5 9% inceulum

(v/¥) a significdatly higher value of yield was observed.

e -

(P > 0.05) values vy/‘gerved for biomass ﬁ;mmzntranon wn&’s andN0 % :

lum :
. —
. . -
The chemical composition of humic acids is presented in Table 3.12. The

¢ i ma.jor“l'ur!ctiunx.l groups ' of humic acid containing oxygen are COOH, phienolic-

OH, and .ketone groups.’ The occurrence of dissociable hydrogen in aromauc,gall-

phatic COOH groups and phenohc-OH groups contributes to the acidic nature of

. values repbr@é for the‘ soil humic acids. The humification level of ‘peat humus is

boxy groups and phenolic hydroxy groups of peat humi.c acids aré h‘igher- tha{: the’

Ews 3.5.1 ‘Eﬂ'ect of humic and fulvig acids on the growth of S. acidophi-

- the humic acids (Schnitzer, m7s). The con ons of total acidity, total car-
¢ v ; o 3
P
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Table 3.12 Chemical charatterizatih of peat huntic acids X
5 - "

Concentration
i '
. (m eq/g or.{nmic material) k-
. 5y A
'
d 7 . |
Component - . - Peat . . Soil?.
5 — .’ :
Total acidity " 9.50+0.30 8.6
L * Vi . i
Total carboxy ‘groups & 6.33+0.11 7 N
Phenolic hydroxy groups 3172032 i
., . o
sy &4 1
! Mean valu& of thiee determinations 4 standard deviations. ’
2 Taken from Schnitzer and Khag, 1972. " '
— ) "
\ : .
;
!
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N . B
]
I
N o
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. ’ A
r . ’
3 2 g




\

lower than that of soil humus in, serated soil.
i =

_To study the influence of humic and I'uivic acidsx)n the growth of S. #cido-
philum, various concgntulion; of these subslnnces were added to the synthe‘lc
medium. The growth parameters obiained at various levels of huric acids at pH-
2 00 is shown in Figure 3.2 (Append\x 1) A; the concentrations of humic acids
were mcreased from 0.10 % to 0.20 %, a continuous increase in the biomass con-
centr;mon was observed However the.values obtained for 0.10 % were not sta-
hshcally different than thnt of 0. 00 % humlc nclds level. When the humic acid

cbncentrmon was mcremd beyond 0 20 %, a sudden de:resse in the concentra-

tlon of bxomass was observed. The optimal concentration ol' humic aclds was

. ;\sldemd wy&) % wnth pH of medlum at 200 The yield and eﬂiclency

values ol‘ thefexperiments showed smulu pnttem & @ 5
% - N : t
As the humic acids are not :omp.letely_ soluble at low pH values, the experi-
mel;t was also conducted at pH 8.00. The results obtained with these two experi-
i'nenl.s were eomp‘arsz ;The ;rowth\parameten of fungus obtained in humic acid

“
d syntheti med'mm peri at, pH 8.00 Meshovnml“lgureas

(Appendlx 2). At pH &W higher concentmuon of h\lrmc agids were dissolved i iy
synthenc medmm compared to pH 2. 00. Wnth\Khe increase in the concentration .
or humic, acids l’rom 0 12 % to 0.50 %, a gridual increase in growth parametare
abtained. However, the hiomass concentration values were not statistically
different (P > 0.05). . The highest values of grovith parfmeters were observed

with 0.37 % humic acid level. *
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Figure 3;? Effect of increasing concentration of the humic acids [raction on ée‘

growth o“ S.-acidophilum in synlhe!i} medium at pH 2.00. x ‘= biomass concen-

tration, y = yield, e = efficiency.
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Figure 3.3"" Bffect of increasiné concentration .of humic acids fraction op the

growth of 7 acidophilum in synthetic mediim at pH 8.00. x = biomass concen-

tration, y = yieid. e = efficiency.
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The growth parameters were higher when the experiment was done at pH -

8.00 due to th‘e higher concentration of hun:ic acids. But, these values were not
statistically different from the values obtained at, pH 2.00. A concéntration of
020 % of fumic acids in pH 2.00 medium roduced higher growth parameters
" (Figure 3.2) compated to that of.0.25 % hw’>c acids at pH 8.00 (Figure 3.3). It
was reporl;._d that the optimum pH fomne,gmwm of #he fungus is 2.00 (Martin
and White, 1985). Holever, the fungus was reported to grow well at a wide
range of pH‘valuss (Miller et al.,1984). Low values of biomass at high humic acid
: levels could be due £0 the formation of mncellnr aggregates, which w1|l mhlbn the
growth of the fangus (Fushsman, 1980). ’
o
/:T'/K’ese results indicate that addition of humic acids up to certain level is
gm\‘ylfh promoting and after that level they become growth inhibitory. These
o'liservatlons agree with the résults ohtmned by Dady and Chang (1983). Humlc
amds are reported to stimulate growth of 4:rops (Dragunov-et al.,1973), sugar beet
. plgnts (Dragunov, 1968), and barley plants (Reutov and Kravchenko, 1973).
According to Sakurai (1677), the crops treated with humi§acids are more resis-
tant to pests. Christewa (1958) noted that humic acid complexes were growth-

-~
. stimulating to crop plants only if present at low concentrations and at higher

concentrations they become toxic.

The fulvic acid fraction which was extracted from peat wa 'also supple-
mented to, the synthetic medium. The results obtained I'or these experiment at

. pH 2.00 are shown in F\gnre 3.4 (Appendix 3). Addition of fulvnc ‘acids mulzed

s
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. 3 . & a -
in the decrease of growth of the ldg\\s, This suggests that the fulvic acids show

an inhihitory effect on . aci il fﬁawever, i ing the dn ion of
fulvnc acid {racuon did not cause significant supprmlon (P> 0 05) in lhe ya\vth
paume!els of the Tun;\ls The valua observed for l.he concentration,of -bmmm
and efficiency at 0.25 %, 0.50 %, nnd 075 % Ievels of fulvie acid were’ not sta-
tistically diﬂ'emx;L (P > 0.05). Similarly, no signi_ﬁclnl, differences were observm:l .
in growth parameters of the rﬁn;us l'c;r 0.50 % and 01151% levels 'of filvie acids.

Similar observations were made in concentrnuon o( bloma.ss when the expenment

s conducted at pH 8.00. The results of thls axpenment aye shown in [igure _'

3.5 (Appendix 4) Though lhe:e were repum about the snmulntory eﬂ'ect ol' ful-
vie acids (Dragunov, 1068} on the growth of Imls, this. work infers 5. nnddph;;
lum can not grow well in przsence of fulvic acids. T

3.5.2 Different carbon sources

.

o Almost all fungi use 5l|u:nse 25 a source of energy for their growth, Many
fungi can grow equally well on mannose nnd fructose. “The utilization of nny
sugar depends upon how emlyA it can be ;onverled to a phosphorylaled deriva-

tive of glucose which can enter the respiratory\ i)nt.‘h:u':ys. In general pfntqseé

appeir to be poor sources of carbon (Moore-Eandécker, ~1982)§Ior the of «
the fungus. = . o
The major harides detected in peatere arabi I glu-
o 2 :

“cose, mannose, thamnose and xylose (Table 3.5). These sugars were tested on’the

~
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growth of 5. acidophilum by adding them i:dividually to the synthetic medium.
Table 3.13 presents the growth parameters in synthetic medium with various car-
Son.sources: e opGimallgrowli pavamelers; versiobserved whensghiscseswas
uwsed a3 carbon source, folowed by galagtmse. Growth was poor when xylose apd
arabinose were used. This could mean that hexoses were more efficiently meta-

bolized than the pentoses by the fihgus,

The growth pararﬁeter’s‘obtained when S. acidap}tﬂnm was grown on arabi-
nose and xylose as cgrbon sources did not sl;ow statistically significant ‘differences
(P > 0.05). Similarly, galactose’and mannose did not show sign'ﬁcaut differences
(P > 0.05) in biomass concentration. ‘The corresponding yield and efficiency
values followed the same patteérn, Although the glucose supplemented media pro-
duced lower yield values compared to the valués of galactose and mannose; their

values did not differ statistically (P > 0.05) with the others.

Studies with the I jon of different r harides as carbon

sources in separate ;xperiments showed that glucose was the most easil; ferment-
able sugar, Therefore, the subséqient experiments were conducted with media in
which glucose was the carbon souvrce and the nizrog{n was supplemented in, the
form of yeast extract as it was reported to be a goo;i source of nitro\g‘en for the

growth of the fuhgus (Martin and White, 1086).

h
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Table 3.13 Eflct of different sources of carbon op the growth of S acidophilum

in syathetic medium! = 5 Tl
1
T % .
3530.. souree Biomass concentration ~ Yield © 7 Efficiency
(12¢g/L) (g/L) () . ()

; = =
Arabinose 0.3+0.08° 39.2642.7° . 5.385:099"
Galactose~ ' . 2.4520.29" © - saia66? “20.29£21°
Glucose 802£1.0% 80.5242.2% 66.33:£162"

’ . . , -4 h
Mannose - o036 85.0540.20° 18332070 -
. 'Rhamnose 1.0240.05° 72.6646.4° 8.562:0.4°
B ; ;
o
Xylose S oriz0.12° 50.28:8.8° - 508104

\

L Mean values of three experiments + standard 'deviations.

Values in the same column with the same superscript are not statistically

different (P > 0.05). g

«
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- 35.3 Glucose and ynu'u‘h;a as the nutrient media K
- Yeast ut}nt ll,ﬁ, or5 g/L) was su)‘)plemenled individuk{ilo mediu;n of

4
glucose (15 g/L) in order to d ine the opti

',' of yeast
extract for growth of the fungus. The concentration of glucose chosen was 15
- g/L because this value is in the range total carbohydrate value of (1:1) diluted

pealhydrolysates. . N

y 4

The Erowth #m obtained by i ing the’ ion of yeast.

extract are presented in Table 3.14. For the g!ucou concengration of 15 g/L, the

addition of yeast extrdct from 1 g/L to 3 g/L showed an increase in biomass cu{-

)centration, -The\highest yield and efficiency values were obtained with a’;/L

7
ye'gst extract and these values d. d significantly at ion of 5 g/L.

Bis type of inhibitory effect of yeast extm:} at high concentration was also

growth of the fungus.

3.8 Growth of S}, 7 ilum in* peat hyd

3.86.1 Non-supplemented undiluted H,SO,, HCI, HNO,, and H,*O"
peat hydrolysates B - "
RS
Different péat hydrolysates obtained from hydrolysis of peat with H.“SO‘,

HC], HNO;, and H;PO, were used to grow 5 acidophilum. The growth parame-
. . 3 . B /

ters of S. acidophilum in different undiluted peat hydrolysates are shown iq\'Fig-'

ure 3.6 (Appendix 5). The highest values of hiomas{ioncentralion and yield v\f/eu

-

ed by Martin and White (1984).- Hence; 3 g/L yeast extract was considered -

~L__
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\ TabTe 3.14 Effect of increasing concentration of yeast extract on the growth of S.
1

acidophilum in glucose medium . .
Glucose (15 g/L) .
= g}
S Q)
Yeast exlr:\tlJ‘ Biomass concentration Yield. Efficiency
LA (g/L) (s (<) @ .
= 1 o ssexondd 827130°  24.3820.15°
. 3 e
‘t 7.14£020* 535542.50" 44.61+1.35%
< 5 1.90:£0.56° 33.70+2.80° 12.68+3.73°
. iy p
° lMean values of three experiments + standard deviations.
- : Values in the same column with™ the same superscript are not slatis!ic‘aﬂy : b4
2 different (P > 0.05). %, ’ ) .
. » .
. <
v , + =
. Z-
. L .
g . /
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. . :
observed when H,SO, P hydmlysate was used as a substrate. The highest
elﬁclency value was observed in HSPO, P hydrolysate. ’Nc statistically
significant d)ﬂerences (P > 005) ‘were observed between thé yxeld values of
HSO,- P and HPO,- P hydrolys_ates. The lowest values of jgrowth parameters

were obtained with HNQy- P hydrolysate as a substrate. It appears that there

were differences in‘he bilities of the acids to break the\g]ycosidic bonds associ- .
ated with the cellflose microstructure during hydrolysis and there by releasing

. the fermentable sugars.

== . . v . 5
In an attempf7 to impreve the growth parameters,‘these hydrolysates were s

diluted (L:1) “with water to reduce the the coneentration of potential inhibitory

. camplmenes. It has been reported that thé dilutioff of peat ‘h’ydmlysace frop

HySO,4 hy\‘lrolysls of peat resulted in mcﬁaf‘%gmwth parameters of "the fungus N

(Martin and White, 1984), The résults obtained by g‘rowmg the fungus in,these

: diluted hydrolysates are shown in Figure 3.7 (Appendix 6). The growth parame-

ters mcreased with the dx]unon of the hy A The growth fol-

" lowed similas pattern as in undiluted .peat hyd.volysates as in the following order,

¥

H;SO,- P> HiPO,- P 3 HCL- P > HNO;- P.
. :

. In order to further enhance the growth.of the fungus, differént nutrient sup-

. ple_mentntions}were studied. The results are discussed in subsequent Sectjons,
2 . p e

It has been reported that HCI is uot a.preferred acid I'or hydm of

polysaccharides. However, in wood sacohan{icahon, HClis used (Bergius et al.,

. L ¥
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" 1031). In 1956, Leibnitz and Hrapia considered the Bergius process as an

appropriate model for hydrolysis of peat. It was rep6i®ed that with 41 %"HCI, a

yield of 49-50 % reducing sugars (dry basis) were obtained from peat in
"hours at room temperature. I’ligher.can_centrations and fonger re’sction time did
not incréase the yield. _However, lower concentration and shorter times decreased
the yield (Flgchsm;m, 1080). Higher s;mcenuation of acid resulted in ovérall loss
ofesugars '(Leibnitz and H;apin, loés). Under milder conditions, the hydrolysis
was reported to be incomplete. The saccharification of peat by HCI does not
seem to be appropriate because of the high concentrations of acid /r'eq;lired and
sc‘lded cost ol“dryi'ng peat (Fuchsman, 1980).
[

~

\Su.lfurric acid has been the. preferre& acid catalyst‘!or the hydrolysis ‘of
polysacciarides in peat. One of the principal drawbacks to the various processes
have been the high consumption of acid. The acid must be ;resent in sufficient
quantity to assure adequate homogenity. Low concentrations of acid were tested
at different !empéralnres. At 160°C, 1 % H,SO, effectively hydrolyses all the
peat hemice]l\‘loses, but very little of the cellulose. Prolonged re.actions hydro®

£ - p
lyzed some of the ;el]ulose, but caused degradation of the previcusly hy.dxolyzed.
hemicelluloses (Tolchel'nikova and Lisenkova, 1976). A process of using low con-
centration of H;SO, and mechanical stress is 'described in a Soviet patent &Chalov

S
et al, 1971).
.
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L ; s .
3.6.2 Supplemented H,SO,, HCI, HNO,, and H;PO; pest hydro-

lysates

H,SO,- P hydrolysates,

:t e =
The HySO, P hydrolysate was supplement_ed with different nutrients as
described in Section 2.2.6.1. The results are tabul‘teq in Table 3.15. No

significant differences were observed for, H,;SO P, 'H,SO-.- P2, H,80, P3,
HyS0, P* and H,SO p° hydrolysates in the concenlrultion of “biomass. The
highest biomass cloncentmion was observed in the H,SO‘; i’i hydrolysate. The
yield vmu_; obtained for H,SO,- P, and H,S0,- P hydrolysates were 1ot statisti-
cally different (P > 0.05). Increased values of efficiency. weré anr'véd in SI;h-

stnm where the yeast extract was )l " to the peat hydrol,

(H,so. P? and HSO, P® hydrolysates and H,SO, P hydrolysates). The
values of yield-and efficiency were lower in the H,80,- P® and H,SO, P4 hydro-
Iysates than in HSO,- P, H;SO,- P, H;SO,- P* aad H,SO,- P® hydrolysates.
Althouglr the concentration of yeast e)glractlwns lower in H,SO, - P® and H,SO
PP hydrolysates than that in the H,SO,- P? hydrolysate, the values:for the con-
centration of biomass, yieid and efficiencies’ were higher compared to the HSO\-
Pf E\ydmlysatm This could be due to the inhibit;)ry action of yeast extract at
l‘\igheQ concentrations (Martin and White, 1984). Add‘ition of magnesium sﬁlfate
to yeast extract in peat hydrolysate enhanced the growth of the fungus (H;SO -
P%). o

- »
- . g
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Table 3.15 Effect of autrient-supplementation of the peat hydrolysates (1:1 dilut-

ed) obtained from H,SO, bydrolysis,of peat 90 the growth of 5. acidophilurn'

d-

. Y 4 . ¢
Nutrient Biomass concentration Yield Efficiency
symboll N\ (sl . ) ()
Sy .
3 . o
P 35404% 90:0+5.4%
- p? 47208 67 92:1.9°
p? o2t .s;:.m.sa[’ = a53sxioed
) pt 11202%0 66.16:2.11¢ 36.54:2.23
. ) Po Y L 88.1643.27% 57.114058%
: . P8 5.2403%4 75.60+1.30° . *5030.£0.68°
P - . e

{

“ ! Mean values of three exeriments + standard deviations.

! See Table 2.2.

" different (P > 0.05).

v

/ ~

Values, in the same column with &ge same sdperscript are not statistically -
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HCE P hydrolysates

The results obtained from the study of nutrient supplementation -lo the HCl-

" P hydrolysate are fisted in Table 3.16._ The values obtained for the biomass con-

centration of !!Cl— Ps and ‘HCI- Ps hydrol;satu were not statistically different iP
> 0.05), and neither were the values of HCI- P* and HCl- P® bydrolysates. The
highest values of yield and eficiencies were obtained in HCI P® bydrolysates..
The yield values obtained for HCI- P and HCI- P‘ hydrolysates were not statisti-

f - 3
cally different (P > O.QS). Although the cameentration of biomass o!)llined for

the HCIl- I"3 hydrolysate was higher than that obtained for HCl- P, the

corresponding yield vaiue was |O;NEL Compnrison. of the growth parametém
obtained for the_}lél- P, HCl- P ind‘icsted that, addition of the K,HPO,, apd
(NH,),SO, did not improve the growth parameters of t the fungus, Howevér, the
addition of MgSO, increased the growth puamete[s in the case of the HCl- P‘
hydrolysate, 2s compared to the H(g- P hydrol.y;nte in which there was 1o
MgSO,. Hence, the combination of 3 g/L yeast extract and MgSO, was found to

be the best nutrient for the rungaljnwm. . .

HNO;- P hydrolysates

Similar set of experiments were conducted with HNOj3- P hydrolysates and
th; results are prafenled in Table 3.17. The highest biomass concentration wu.
obtained v}rith HNO,:'\P5 hydrolysate, however, the value was not statistically
different (P > 0.05) than that of HNO,- P2, and HNO,: P® hydrolysates. No

significant differen ces (P > 0.05). in biomass congenlnliou ‘were observed for the

growth parameters when HNOy P° and HNOg- P* hydrolysates were used as

A .
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Table 3.16 Effect of nutrient-supplementation of undiluted peat hydrolysates ob-

tained from HCl hydrolysis of peat’np the growth of S. ﬂ(l‘dophllu"ll‘ N \
- -
Nutrient ¢ Biomass concentration Yield Efficiency
symbol' (g/L) 1) (%)
o .
P £z 10.17:1.630 * 6.09£0.22
p? B 17.0820.20" 2632004
P 0.68:001% 6.06£0.03° 6.78:£0.03°
p! 0.79:4.02° + 9.31z0.124 7782002
P 1.09+0.01% 23.2040.28° 19.68;0‘.02’
pe © . Loazoo®? 20.76:0.32° 1022400}
) -~

7
1 Mean values of three determinations  standard deviations.

! See Table 22

Values in the same column with the same slﬁperscripl are not statistically

different (P > 0.05).»




Table 3.17 Effect of nutrient-supplementation of undiluted peat bydrolysates bb-

tained from HNO, hydrolysis of peat on the growth of S. acidophilum!

Nutrieat b sassvoncattition” _ Yield _ Efficiency 4
symbol’ 1g/L) (<l (&
P 030001 51120007 L4gx0.40°
p? 0.66:£0.04* 16.13=1.27° "28240.07%
p3 047003 . ess00st Logz0.0s>¢ "
. pi . 05140 01"_ . Maz1s® g . 2132088%0C #
P’ L 070£0.13* © sz 2.0040.45% :
po 3 067£008* - 16.50£0.07>° 271£003>P T
v -~ ' E - ¢

! Mean values of three experiments + standard deviations. s

’ 1
" See Table 2.2.
Values in the same column with the same superscript are not Statistically
. . - e
) different (P > 0.05). : ;
) - .
B . > .
. . -«
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substrates. The highest value of yield was observed in the HNOg- P! hydro-
Iysate, whereas the' efficiency was found to be the highest in the HNOg P°
hydm;ysate. The efficiency value of HNO3- Ps hydrylysa.le was not statistically
significant (P > 0.05) than that of HNOz- P4, and HNO,_ P® hydrolysates.

Though the values duced by the media ! d with yeast extract were

bigher than those of the wasupplemented m}\n, thie. Righest: valites were: pro:

duced when the supplement was a mixture of K,HPO,, (NH,),SOy, and MgSO,.

"HPO,- P hydrolysages L

' “

= . -

The HyPO,- peat hydrolysates were also used as substratg to g'rowrs. acido-
philum. The growth parameters obtained with these hydrolysates are presented
in Table 3.18. Ti;e highest values forfffowth parameters were ob;ninod with
HPO, ‘Pz hydrolysaté and this is indicating that HyPO,- peat hydrolysates are
deficient in nit:ogen. Addition of K,HPOy, (NH,),SO,, and Mg€O, xllid not show
sig.ni'ﬁcam. increase in biomass concentration of the fungus compared to the non-

d H;PO P hydrolysate. The values of yield and efficiency were

significantly lower in the HyPO,- P> and HyPO,- P¥ hydrolysates than those in
. ;

the H;PO,- peat hydrolysate supplemented with yeast “extract. Addition of

MgSO, to the 3 g/L yéast extract in H;PO,- P hydrolysate’ did not improve the
biomass concentration, yield or efficiency compared to the HyPO,- P2 hydro-
lysate. It shows that high concentration of yeast extract is required in HyPO,

hydfolysates to obtain high growth parameters. The results obtained for the

4
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Table 3.18 Effect of nutrient-supplementation of undiluted peat hydrolysates ob-

tained from H,PO, hydrolysis of peat on the growth of §. acrdophilum!

P
L 4 <
Nutrient Biomass concentration Yield Efficiency :
symbol gL ) ‘ (€¢)
‘ 2p 2.15£0.01° 17.9220.16%
E e
p? 137-000* 32.4221.02%
p3 29920014 20.610.10°
1 T b P .
P 2.240.19 61.30£1.01 1475219
p® oo asz00® 60.3043.29" 25.1220.2°
p8 3.3540.07° 55.65:1.28" 22418
® ~
1 Mean values of three experiments & standard deviations.
!
" See table 2.2. :
%

v
Values in the same column with the same superscript are not statistically

differcnt (P > 0.05).

A




 values obtained for the HNOg- peat hydrolysate were tl:e\lbwesL
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HyPO,- P® and HPO, P4 1 showed that these hydr
3P Oy 0 g_

lysates have enough phosphorus and hence the addition of the K,HPO, did not,

increase the growth pared to°the d H;PO, P
hydrolysates. j
~
- « B
“  Comp: mn of hydroly from diffe acid hydrolyses of peat
2 ~a 5 '

In general, the growth parameters obtained for .the H,SO,- peat hydrolysates
were relatively highler tha‘ those obtained for any other acid - ‘peat hydrolysates, '
followed by those obtained for the HyPO,- peat hydrolysates. The .gmw!h
pprameters obtained for the HCI - peat and HNO;- peat hydrolysates were very

\ much lower than those obtained for the other two acid - peat b#dmlysatoﬁ. The

3.8.3 Growth curve for S. acidophilum on pept hydrolysate
k- & :

In' general, after the inoculation of 2 sterile- medium withi microorganisms,

}nur different phases of growth are observed. The‘y are (a) ng‘ phase, (b) log
9 ’

phase, (c) stationary phase, and (d) death phase. Each phase is briefly expldined .

_here. % 1

_(a) Lag pl'mse : This is the phase of adaptation of thQn}'a[m;rganisms to the

medium. Therefore, ihitillly, there will be no increase in number of cells. How-

._ever, several changes such as change in pH value, and decrease of growth
; i

“fors may occur. The length of lag phase is a function of, physiologic;l condition




of the inoculum. For example, the inoculum, taken from a culture in which
growth has stopped due to several factors, may take more time to adopt to the
new substrate. It is also reported that the concentration of inoculum has

influence on the length of the lag phase.

(b) Log phase : Rapid growth of the microorganism can be seen in. this
phase. The term “log phase” is used for this because, the biomass concentration

~
increases logarithmically with time. Changes in the substrate conceﬁtrn‘ion are

also observed. Growth rate is independent of'sub as long as -

substrate is present in sufficient amounts f.e. it is not a limiting factor. 3

~

(¢) Stationary Mhase :* The biomass concentrition remains”constaat, Break- * =

age of cells may result in release of carbohydrate and pmtﬁn;, ‘which will serve as

the energy sources for the survival of the remaining cells.
A celn:

s o R

- i " L, " (d) Death phase B Thu phm oceurs when the, en:rgy reserves of the cells )
59 edmusled Cells stafts to die exponennauy wuh ume The fermenmmn pro—

"‘ . " cess nnd gani i are the factors inig the Icng{,lbq( sﬁ.nlonnxy and deﬂh -

,_ ' . . phases (Crueger and Crueger, 1984).

RS » .
- o ” % : % b
. The concentration of biomass and the TCH were determined for thagrowt|

“of S. acidophilumuat 24 hour intervals and the results.were plotted against the

. numbér of days in Rigure 3.8 (Appendix 7). The concentration of biomass was
o i) .

e ( (
s Iéundll(h)e‘decreuing in the first two days due to the death of some fungal cells

k- X



N / .
o
- "\
5 [0 o
vosp - - 25
i e ' N
—_ \U . 7}
2 N : 20 2 (
&2 - \ —a l =
. e —e—g /
Q ¢ "—g .
s 3 u/ 5 £
o l\. ]
. ' (s
I *é 2t NN fo &
) Y “a ‘\ ) §
© . o 3
., 1t s o \u\r 4115 J
g b ® Q. '
1 e I ’ o . v
& 1 23456 7 8 910 '
' Days
. : .
© /-

l:'igure 3.8 Growth curve of S. acidophilum in peat hydroiys;te.

—_ \




s0- tc

during the adaptation process. Significant increase in thl biomass 'wa}%w’ed

from the third day, and the biomass ion attained the maximum range «

at the sixth day. The substrat i i from the

first day until the tenth day. In this experiment the lag pha.ae was observed

between the first and the second days, the accelerated growth phase between the
fre=3

third day to the sixth day followed by the stationary phase\betweeu the sixth day

to the tenth day. The experiment was stopped at this stage.

Al . ¥ -
-
. 3.6.4 Growth of S. acidophilum in modified peat hyd: p
The results of growth of 5. acidophilum in undiluted modified

hydml_ysaze; are shown in Figure 3.0 (Appendix 8). The highest values for the
Alosinss conentiativh Wi dbtained it culluies-hiers POy dralysibe s el as ¢
. sub‘s'trnteA The biomass concentration was comparatively' low in the.modiﬁed :
peat’hydrolysates. Thisvaould be due to the alteration of carbohydrate pattern of
peat during modification process which leads to the decrease in the concentration
of easily metaﬁoliz;bl: sugars in the modified peat lliy.droLyszte& Biomass con-
centration values decreased in the order P > DP > P-H- > lsP-H. The values of
biomass. concentration and efficiency of P-H and DP-H substrates were not sta-
tistically different ‘[P‘ > 0.05). The highest value of yield' and efficiency were
“ " obtained with the DP hydrolysates. . -
5 % \

These preliminary results indicated that, removal of bitumen (DP) results in <

+ better utilization of the substrate by the fungus as shown by increases in the

. ‘ . . .




* & .
*5/ 1100
- - ) .
w0 . “ X
. ~ :
S g
P 3 60 o
& =
QO “—
"3 2 40 W
8 ke
£ °
2 20 7
L ’
sk
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yield and eﬂiclencv values (Figure 3.9). However, this process also results in the
removal o! carbohydrates and other nntnenu Therel’ore the experiments were
conducted with the P- hydrolysate by diluting it r— (1:1) in order to
“decrease the concentration of inhibitory components. These results were com-
pared with the undiluted modified peat hydrolysates as shown in Figure 3.10

(Appendix 9). As explained before, diluted P- hydrolysate produced higher

growth than the undiluted P hydrol and modified peat hydro-~
. / .

lysates. “

However, to study the effect and to improve the growth of the fungus, the

. modified peat hydrolysates were supplemented with different nutrients.
'

3.8.4.1 Nutrient supplementation

DP hydro!ynzu.

The peat hydrol was ! d with different
nutrients as described in Section 2.2.6.1. The mqdified peat hydrolysates wert
not supplemented with 3 g/L yeast extract alone because the previous experi-

* ments have shown that 3 g/L yeast extract added with 0.4 g/L MgSO, is a better

nutnent than 3 g/L yeuz extract. The results obtained from this study are given

“in Table 3.19. The bmmass concentrations and. efficiency cbtumed for the DP,.

DP DP3 and DP‘ hydrolysates did not show statistically slgmﬁcxnt differences

(P > 0.05). The concentmuon of the biomass and the emcnency,were the lowest N
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Table 3.19 Effect of nutrient
i

ation-of

diluted

bydrolysates on the growth of S. acidophilum!

Nutrient Biomass concentration Yield! Efficiency,
smbol’ Z1l) 1) (ca)

pp 7 2.42£0.06% 53694207 26.36+2
op? 56552210 2562:+£1.05°
pp? . 342354, 23.14£1.32°
ppt 232010 10.55:£0.849 24581116
oP® 1.600.15° 37.3642.17%9 10.81£0.08°

v

1 Mean values of three experiments + slandarddevi;{tions.

! See Table 2.2.
Al

Values .in the same column with

X
different (£ > 0.03).
. .

the same superscript are not statistically
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ofor DF’5 hydrolysate. The yield was. found to be highest for the DP hydrolysate.
The yield values obtained for the DP3, and DP® hydrolysates were statistically
[

(P > 0.05) similar.

( P-H hydrolysates
b

The results ob(mned with P-H hydrolysates are presented in Table 3.20.
Wer the P-H hydrolyssbes were supplemented with nutrients, no sigaificant
di.ﬁerénc (P > 0.05) were observed in the biomass co'qcenlrati.n between the _
P-H, P-H? and similarly_between the values of P-HY, and P-H substrates.
A]though/ high_er value of biqmnss was observed in‘l’-l-l.5 ,"the hydrolysates. Sta-
tistically similar valugs (P > 0.05) were observed between the yield values of P-

" H, P-H3, and P-H! bydmlysatqs.aﬂlgh&l yield value was observed in PH
hydrolysate, whereas the hlglust efficiency was obtalned wnth 13 hydrolysale

pN
DP-H hydrolysates

DP-H hydrolysates were also suppl with different nutrientsmnd the
results are presented in Table 3.21. N pl d DP-H hydrol,
. showed lower growth p pared to the.suppl d DP-H hydro-

N
}ysste& The highest biomass.concenttation was obtained for the pp-ut hydro-
Iysate and this value is not statistically different (P > 0.05) from that obtained
’ 2
for the DP-H? and DP-H® hydrolysates. The field was found to be the hi‘;hest

for the DP® hydrolysate which','s statistically similar (F‘> 0.05) to the value




T

( i

= = LI
Table 3.20 Effect of nutri 1! ation of undiluted peat hydrolysates
with humic acids l;movtd on the growth of S. ariduphd-m‘
Nutrient Biomass concentration Yield - Eﬂicie\cy
<ol (g/Li - <)
+ T
PH 300214 .9.302.90% 3
. .
P w30 gaiaso
p-t? 23202" 35.5827.20° 30.04£2.11%
p-ut Lo+01% . 30.5442.66° . 18.5930.29°
P-H® 23+06%° 59.4143.07% cazzrzoa0® .
. .
E -

. - T
! Mean values of three experiments +.standard deviations.
‘ N
* See Table 2.2.
Values in the same column with the same superscript are mot statistically

S

different (P > 0.05).
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&le 331 Pect of nutri e of the undiluted debjtuffh d

peat hy%)mlysnles(\wndl humic acids removed on the growth of .S. acidophilum |

" Nutsent Biomass copcentration Yield Efficiency
a @ wmbol’ T g/l (<e) 1) .
> /.
DP-H 069:001 TR 050000 , . 81821007
DP-H* . 2014M01% | 309520 19" ¢ 22.612003"
pp-HY 179:0.08> 167320 21 20.27£0,07"
pP-H' 2.1240.17° 58.49+6.53"" 23.58:0.91%
\ PRS- 2.0440.18° L 501706 23.5340.00°
o . . i
3, .
£ ! Mean values of three experiments  standard deviations. i
\

" See Table 2.2. .

j Values 1 the same column with the same superscript are nmot statistically

a different (P > 0.05), 2
’
. . :
\
4 .
; J ) i
t
» 5
s
1
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=
- obtained for DPY hydrolysate, The efficiency values obtaingd for the supple-
.

mented DP-H hydrolysates were very close to cach other. The efficiency obtained
i i :
for the DP-H hydrolysate was the highest and was not statistically different (P

> 0.05) from'that obtained for the DP-HZ and DP-H® hydrolysates. P

~r

Comparison between the non-modified and modified peat hydro-

lysates « 4 L

Compari;on‘ of the results obtained for the non-mo&iﬁed and modified peat
hydr?l);sates' showed that the modification is not a good alfernative to improve
the growth of the fungus. When the modified peat hydrolysates fere su};ple
mented with different nutrients, the desired enhancement in the growth of the
‘fungus was not observed. The growth parameters obtained for the non-modified
peat hydrolysate were relatively higher compared to those obtained “or the

dified-suppls d hydrol When the dified peat hyd

was supplemented with 3 g/L yeast extract and 0.4 g/L MgSO, the growth

parameters were found to be the highest.

3.8.6 Growth of S. acidophilum in compost hydrolysate

5-\ i hil was grown in undiluted peat-fish offalicompost hydrolysate

and the results obtained with different’ nutrients are presented in Table 3.22.
The biomass concentration obtained for C° hydrolysate yas found to be the

highest. However, the valubs obiained for C. and C3.hydrolysates were statisti-
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. Tablow.22 Effiect of nutrient-supplementation on the growth of S. acidophilum in
Pl

compost hydrolysate®

Substrate Biomass cocentration Yield . Efficiency
ymbol g ) - (-

c : 25120 10° 59.88.43.39° 17432 340¢
& 30820120 et 1ds0e204
3 2.332008° 18564313 14.3651.98
e . 33600 53.1042.39° 21.14£3.01°
st 1764038 66.49:+5.43% 30.68+3.80°

* Mean values of three experiments + standard deviations.
" See Table 2.3.

Values ‘in the same column with the same superscript are not statistically

different (P > 0.05). ¢
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cally not different (P > 0.05). Higher values of efficiency were observed when
yeast extract was supplemented with-MgSO, as in C° hydrolysates compared to

the other col’nposl hydrolysates.

The growth curve of S. in compost hydrolysate is shown in Fig-

ure 3.11 (Appendix 10). The mwth of S. acidophilum in compost ‘,‘.
can also be explained with four phases namely, lag phase, accelerated, growth
phase, stationary phase, and death phase. However, no clear stationary ’phue
was- observed in this e;(perimenw Instead an accelerated death phase was
observed. The biomass concentration increased until tl‘le seventh day and then
" decreasedc The growth parameters of S. a:idopm‘l;‘m in peat (P) and compost (C)

hydrolysates are compared in Fig‘ure 3.12 (Appendix 11). Although the biomass

in compo;t ydroly

and the efficiency values of S.

were lower than those in the peat hydrolysate, the yield va.lna)n both hydro-
lysates were not statistically .diﬂ‘erent (P> 0.05). , Therefore, peat hydrolys;u
(1:1 diluted) is a better substrate for the growth of S. acidophilum than compost
hydrolysate.

\ * e’ .

¥ <

37 Proxi position, of S. acidophilum biomass .

3 . :
Proximate analysis of the S. acidophilum biomass is presented in Table 3.23.

Analysis of ‘the biomass showed'that S. acidophilum is a good source of pﬁtdn.
The protein content was about 38 % and this comphres well with the value

reported by Boa and Le Duy (1982), and lower than the value obtained by Martin

r

.
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Figure 3.11 Growth curve of S. acidophilum in compost hydrolysate.
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ble 323 Composition of . acidophilum biomass produced on peat hydrolysate

supplemented with ifﬂge\mex(ract and 0.4 g/L Mgs0,!
v

\

—
Componeat ‘ . }

J

¢ dry nei;

Crude protein '37.52+0.83
> % ’
Crude lipid " 181+£Q.07
Ash 10.3820 81
Carbohydrate? 10555124
o A, ~
! Mean values of (hr;e determinations + standard déviation
2 Caleulated by difference | !
: 4
N
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and White (1985). The protein, lipid, and ash values obtained in this work are
within the range of the values reported by Reed (1982) for thefilamentous fungi..
3

The high uh. content of the biomsss‘in peat hydrolysates was attributed to the

large amount of minerals present in the medium (Boa and Le Duy, 1982).

The compogition of amino acids of the fyhgaisbiomass are listed in Table
3.24. The values observed in this work comlpares with values reported by Bow
and Le Duy (1982). The levels of essential amino acids, lysine, leucine, isoleucine,

threonine were higher than the values reported by Boa and Le Duy (1982)..
\

-

» » .
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4 ® Table 8.24 Content of amino acids (°Z) in biomass of §. acidophilum!
s . 2 d e
. Amino acid < S. acidophilum biomass
,[ Alanine ) 899+0.01
. Arginine 1.72£0.01
L Aspartic acid = 9 69+0.03
Cysteic acid . ©0.10£0.03
’ Cystine * . 0.48+0.03
Glutamic acid T 1417003 -,
Glycine ' 9.82+0.01 %
Histidine .43
Hydroxylysime P . -
. Isoleucine 4.86+0.01 v
Beucine . ° 6.34£0.02 .
» Lysine o7+0.01
’ Mcthionid, . g ot 0.10+0.02
Phenylalanine - i 3,60+0.01 s
Preline - 5.05:£0.02
- Serine R 5.83+0.01
i , Taurine  ~ 0.10+0.00
Threonine 6.31+0.03 a
Tyrosine 3.02:£0.01
Valine - s " 6.71+0.02

. " ! \ean values of three determinations & standard feviation ' ) &

LN .




- CONCLUSIONS.

Included as parts of this thesis are theoptimal growth media and the mutti-
tional requirements of the fungus Scytalidium acidophilum. Of the various

growth media i igated, dified H,SO, pgat hydrol diluted with

Li1 atef proved to be.the best in terms of fungal growth parameters produced.

The undiluted dified peat hydrolysate produced a higher concentration of
biomass than the modified hydrolysates, but these values were not as good asin -

the diluted non-modified hydrolysate. About half of the biomass was obtained

using peat hydrolysate as a carbon‘source compared to glucose media. z

It was observed that thére was a decrease in carbohydrate content during
the modification process. However, removal of bitumens enabled a better extrac-
tion of nitrogen and amino acid contents. By comparing the undiluted noi-

modified and modified hydrolysates, it was shown that the removal of bitumen of

- humi¢ acids from peat'does not improve the fungal growth parameters.

The supplementation of the growth media with various nutrients was stu-
died. The addition of 3 g/L yeast extract 2qd 0.4 g/L MgSO, produced higiler
growth parameter \;alhes than other nuiriks‘upplements in all the growth
media except HyPOy- peat hydrolysates. The addition of hllll;i(: and Tulvic acid
fractions, obtained by fractionation of humic substances, fo the synihetic
medium, influenced the growth of the fungus. The preliminary studies have _._ .

shown that humic acids fraction was stimulatory whereas the fulvic'atid fraction
- /.

N - -126- %
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was inhibitory to the growth of the fungus.

Cultivation of 5.
provide nutrient media for the pm‘duction of MBP. Because the concentration of
carbohydrates in compost hydrolysate is low compared fo that of peat hydro-
Iysates, the microbial biomsss grown was low, although the yield values were
similar. Since. the content of nitrogenous.nutrient in compost is high, growth of
fungi on solid compost substrate cou]fl be a promising approach for the produc-
tion of mP, 7

S. acidophilum.biomass produced in peat hydmgysates had a-high protein
contcnt\, which merils its consideration as a source of microbial proteic for animal

diet supplementation.

on compost hydroly showed that they can ~



o : /

t
¢ ' "
( - SUGGESTIONS .
4 L Siwee § acidophifem lungus producés s high quality protein, it has'a
potential use in food and feeds. The use of H,SO4- peat hydrolysates a‘s sub- >

strates is recommended in those areas where this resource is available and its *
price is competitiv>. i

.

2. Because S. acidophilum grows at low pH values, at which most proteins lose

their functional properties, future studies should concentrate on the Tunc-
tional properties of the protein and enzymes or‘this fungus:
- N 7 3

‘3. Since S. acidophilum proteins are produced at lmr{ pH values, a low tempera-
ture pasteurization processes should be developed for the variety of products
formulat%d using them. ’

4. Feeding trials should be conducted with animals on the utilizatioh oll' thisv
microbial biomass protein 4s a dietary-supplement. N

5. Itis d to 1 the compost bydrol, zvith" bohyd in
order to eahance the growth of the fungus in that medium. - ' S

.

6. Furthef study is required to identify the precise effects of the humic and fulvic

. acid fractions of peat on microbial growth.
& = 3
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Table A 1. Effect of increasing concentration of the humic acids fraction on the

growth of S. acidophilum in synthetic medium at pH 2 00

Humic acids . Biomass concentration Yield E_mci:nsy
(43} 1g/L) | (3]
000 ’ 204£0.40° 7851103 6700123
ot 358207 by 2.10° TL5£1.09°
015 9.512021° a7a4x2 580 9522167
0.20 10 58*}5 i 95.1841.14° £0.00+3.09%
0.23 . 5074067 57.2041.360 12.2542.02°

different (P > 0.05).




- ' Lo e -
. : .

i 1 N
Table A 2. Effeci of increasing concentration of humic acids fraction on the

growth of S. acidophilum in synfheut medium at pH & 00!

Humic acids Biomass concentration Yield  Efficiency
L1 (g/L) (e (<)
~
0.00 21621000 31.7622.20° 6200162 -
. ey

012 = woe=3n® T41Te133°
035 _atotx22
0.37 107122060 92.32+2.90 30.25+3.01%
0.50 683070 59492473 56.904:3.05°

! Mean values of three experiments + standard deviations.

Values in the same column with the same superscript are not statistically

. -
</ different (P > 0.05). “ «
A o
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Table A 3. Effect of increasing concentration of the fulvic acid frni&n on the

growth of 5. acidophilim in synthetic medium at pH 200" ;

Fulvic acids Biomass concentration Yield Efficiency

&) \[g(Ll 1€6) Il g

0.00 R02+1.00° <, 20.524+2.20° 66:83+1.62%
s o
025 16120 03° /4 11076 34120455
050 1592062 13.3640.45° 382522350
075 ; %:Jil.osb - 42.864:3.08° 3408:434° 7
% =
! Mean values of three experiments + stand¥M-~deviations.
@ . . : b
Values in the same column with the same superscript are not statistically ~
different (P > 0.05). LD
.
¢ .
.
A N
.
" ~ g
b 2
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Table A 4. Effect of increasing concentration of the fulvic acid
14

2, growth of S. acidophilum in synthetc medium at pH 2 00"

fractiod on the

T

Fulvicacids ©  Biomass concentration Yield Effifiency
oy S
() (g/L) (0 1)
\ 000 202:1.00 66.33+1.62"
02 1.3820.01° 17621 74 38174033
- b, " b - ¢
; 0.50 1.30£0.12% 44361 08 35.8340.06
R 0 32020 32" 38.44£3.21° 324207124
% 1 Mean values of three experimon{s + standard deviahns.
2 Values in the same columd with the same superscript are
different (P > 0.05). .
: .
© .
~

™
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Table A 5. Comparison of the growth ppfameters of S. acidophilurn' on undiluted

© HjS0, H;PO, HCL. and HNO; hy difivsates of peat!

o

Hydrolysates Biomass concentration < Yield Efficiency

it
(115 g <o) (0)

H.S0, P © 320:006° | 26 1540.50° 2402£0.15°
. | - !
H4PO,- P L2 16520 o1’ 243623 38> 17.92%0.18%
HCL P 0.5020.04° 10.17x1.63° 60920 .
B % \
" HNOy P . 0.30z0.014 5.11£0.30° 148x0.14%
! Mean values of three experiments  standard deviations. .

\Y% ; . - s T
* Values in the same column with the s%? superseript are. not statistically

different (P > 0.05). -
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Table,A 6. Comparison of growth paramajers of S. acidophilum oo (1.1 diluted)

H,SO . HyPD,. HCL. and HNOj bydrolysates of peat!

4
) S
% Hydrolysates Biomass concentration Yield Efficiency
(g/L) 161 ()
H,S0,-P 350+0.10" 9001540
HPO, P 2\ 2562000 367520 420 28 720 11°
~f
HeL P 21520230 25,4420 20° 16,6021 32°
~ JHNOg- P 0994001 13342074 6.39:0.03%

) Mean values of three experiments + standard deviations.

Values in the same column with the same superscript are not statistically

difforent (P > 0.05).
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) ’
‘Table A7 Growth curve of S. acidophilym in (1:1 diluted) peat hydrolysate

Days 9 — Biomass concentration Substrate concentration’
tg/L) i&/L)

1 067£003 22752124 .

2 060002 2201£2.01

3 0422004 205242.06

| . 1582001 1958+ 1.86 ’

5 . 2764012 T lso0s1os

6 " 3504000 104041.01

7 350016 5.63+0.50 v

t 7 3484020 \ sezoso

9 3474023 1342053

10 . sezom - 225:0.18

Mean values of three experiments + standard detiations.
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Table A Comparison of the growth parameters of S' acidophilum on undiluted
1

: T b4

peat hydrolysate and the modified peat hydrolysates

. /
Hydrolysates Biomass concentration Yield . Efficiency o
S (gL () (<)
P 3.20£0,06% 26.15£0.50° 210£0.15°
pP 242006 53 6942 07 203642.77
P-H . 080:030° . 39901 40 . 950+2.90°
BRI 060004 -« 22.7040.00%" 8.18+1.00°

1 Mean values of three experiments = standard deviations.
Values in the sarpe column with the same superscript are not statisticall

different (P > 0.05).

0
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) v
Table A 9. Comparison of the growth parameters of S. aciddphilum on peat by-
o
drolysate 3nd the modified peat hydrolysates® )
Hydrolysates Biomass coacentration Yield Efficiency
(g/L) (- 1°¢)
3 3.50£0.40% 90.01+5.40% 37354+ 1.20°
.DP 2.12:006° 53602007 v 203612770
P-H 0.20+0.30¢ 39.90+1.10° 9.50+2.90°
DP-H 0.69£0.04° " 22.70:0.900 8.182:1.00°
. .
P . .
v 1 ‘Mean values of three experiments = standard deviations. N

! . i
* Diluted (1:1) with_water.
Values in the same column with the same superscript are not statistically

« differeat (P > 0.05).

g™
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Table A 10. Growth curve of S. acidophil

in Compost hyd

Days Biomass concentration Substrate concentration
(g/L) fg/L)

1 © 087001 14.88£0.24

2 0.70+0.02 14.80£0.32

3 0.760.01 14630 29

a B 0.7840.01 14.25£0.35

5 1.6019.04 9.3040.30
[ . 1.8940.03 7.00+£0.48

w TR 2.5140.06 / 4.2540.22

8 2.2540.03 402£0.20
9 2.2040.04 2.50+0.19

10 2012002 2.46+0.26

Mean values of three experiments + standard deviations.
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Table A 11. C ison of growth of § acidophilum in peat bydr>-

Iysate (1:1 diluted) and compost hy iz:i;

Growth parameters B €

-
Biomass concentration

(g/L) 35201 2514007
Yield s @

(6) 200=5 4% { wahent
Efficiency

(%) 17434165

! Mean values of three egperiments = standard deviations.

Values in the same row with the sa:

perscript are not statistically fifferent -P.

> 0.05;.
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