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With the combined support of the I.A.E.A. and the

Greek A.E.C. work has been carried out on the following subjects

related to the possibility of obtaining and using improved

fungal strains for the production of microbial protein.

A. Comparison of five fungal strains with respect to the

amount and quality of protein contained. This work showed

that the mycelium from two species of the genus Fusarium

contains approximately 30% more protein and total amino acids

than the mycelium of Aspergillus niger. The Fusarium

mycelia also appreared to have a good balance of essential

amino acids. The same work showed that- the Folin method

is a reliable one for protein determination in microfungi,

while the method of multiplying the total nitrogen in the

biomass by 6.25 is only suitable for the estimation of

crude protein and gives higher values than the Folin method

and the method based on amino acid analysis. Details

on this work have been published in Applied Microbiology

(Vol. 29, p. 250-254) and 2 copies of this publication

are submitted with this report.
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B. Attempts to induce and select mutants giving higher yields

of biomass and/or higher protein content. For this work

the fungus Aspergillus niger was used. Because no direct

method to select .mutants of high yields is available,

mutants were selected on the basis of morphology or effect

on a pH indicator in the medium. The latter characteristic

was considered with the idea of obtaining mutants of low

citric acid production and, possibly, of better utilization

of sugar for growth. A total of 90 variants were obtained

and screened. In summary, it was demonstrated that

mutational improvement of the rate of growth is possible.

In the species used some correlation may exist between

faster growth and the mycelial growth habit (lack of or

reduced sporulation) but no generalization can be made.

On the other hand, the limited number of comparisons of

selected variants to the original strain did not show

any consistent differences with respect to mitrogen or

protein content. This, of course, does not exclude the

possibility that other variants, not considered, might

have proven interesting in this regard. It must be

mentioned the IAEA expert Dr. Kokke attempted to induce

mutations towards higher yields in Fusarium moniliforme,

using y radiation. However, the lack of a suitable

method of selection of the most interesting survivors

did not permit any worth-while discovery.

C. A study of the ability of various fungi to utilize water

extracts of carob bean pods. At first hot-water

extracts of pods were used and were usually inoculated

with ungerminated conidia. From a large number of

fungal species that were tested originally, many were

found to be inhibited by the carob extract. However,

the ability to start a culture depended considerably on

the type and amount of inoculum as well as the amount

of aeration provided. With the yeast Candida tropicalis,

for example, very poor growth was obtained in shake flask
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cultures although the amounts of carob sugars that were

metabolised were considerably high. This indicated that

alcoholic fermentation was favored. Good yields of

Candida tropicalis cells were obtained from the carob

sugar with the following method.

The fungus was first inoculated on agar plates with

the carbon source provided by carob extract. Twenty four

hours later cells were obtained and were subcultured

twice in shake flasks with liquid medium also prepared

with carob extract. Then 500 ml of such a culture was

used to inoculate 4 liters of carob medium that had

been autoclaved in the 7-liter vessel of the laboratory

microfermentor. Incubation in this fermentor with strong

stirring and vigorous aeration at 30°C resulted in very

good growth rates.

Growth of Fusarium moniliforme at the expense of carob

sugars and evaluation of its biomass; Fusarium moniliforme

was one of the fungal species which, in the preliminary

experiments, was found to be inhibited by the hot water

extracts of carob pods. However, the good protein and amino

acid content of its mycelium (Appl. Microbiol. 29: 250-254)

made it desirable to try to obtain good yields of such

mycelium at the expense of carob sugars. To avoid

extraction of high amounts of inhibitory substances,

the extraction of the carob pods was done with water

at room temperature. The amount of sugars that was extract-

ed in this way was only 3 % lower than with the

hot water treatment.

Medium containing 2.5% sugars extracted from carob

pods proved very good for semicontinuous growth of

F. moniliforme. The mycelium obtained contained approxima-

tely 300 g of true protein per Kg. Evaluation of this

protein in animal feeding experiments was kindly done

by Dr. N. Drouliskos who found F. moniliforme a safe
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and promising organism for improving the value of carob

pods. Details on this work were published in Applied

and Environmental Microbiology (Vol. 31, p. 691-694) and

2 copies of this publication are submitted with this

report.

E. Investigations on the possibility of u^ing alternate

oxidase-negative mutants for a better utilization of

substrates for growth. In most fungi, for the reoxidat-

ion of reduced coenzymes two electron transport pathways

are available: the normal cytochrome pathway which is

sensitive to àntimycin A, cyanide, and azide, and an

alternate pathway which is insensitive to the above

mentioned inhibitors but sensitive to hydroxamic acid

derivatives. The alternate pathway can produce one

molecule of ATP transferring electrons from H&DH to 0-,

as compared to three molecules of ATP for the cytochrome

pathway. It is, therefore, logical that in a fungus which

utilises both pathways concurrently, mutational elimination

of the alternate pathway should result in more ATP formation

per molecule of NADH (hence of substrate utilized). On \

the other hand, since the alternate system has been

suspected to be of importance for the utilization of 2-

carbon compounds (J. Biol. Chem. 245:58-70), the pos-

sibility existed that negative mutants would have dif-

ficulty to utilize substrates such as acetate or ethanol.

Since our work had optimised the conditions for

biomass production by the species F. moniliforme many

attempts were made to obtain alternate oxidase-negative

mutants of this organism, but without success. We,

therefore, had to work with the fungus ustilago maydis

in which alternate-oxidase mutants can be selected with

the use of the electron transport inhibitor carboxin

(J. Bacteriol. 103:745-750). From our unpublished data

so far we have come to the following conclusions:

a. The mutation which eliminates the alternate electron

transport pathway does not affect the ability of

the organism to utilize 2-carbon compounds, at least
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d.

in the case of U. maydis. Transferring log-phase

cells from glucose or succinate medium to medium

containing acetate as the sole source of carbon causes

a lag of more or less long duration which is approxima-

tely the same for mutant and wild type strains. Then

a growth rate is established on acetate which is not

affected by the mutation.

In wild type strains the formation of the alternate

system requires cytoplasmic (and not mitochondrial)

protein synthesis because it is prevented by cyclohexi-

mide and is not affected by chloramphenicol.

The-final yield of cells obtained in a glucose medium

does not seem to be affected by the mutational elimin-

ation of the alternate respiratory pathway. Two

crosses were performed between an alternate oxidase-

negative mutant and two wild type strains, and+ and-

recombinants from each cross were compared with

respect to growth on glucose 0.5 and 5.0 mg/ml, until V

each culture reached.the stationary phase. No

consistent effect of the mutant gene was established.

Since the operation of the alternate system involves ^

a definite energy loss, appropriate experiments were

conducted in order to determine the extent of

participation of this system in the respiration of

wild type cells and the following conclusion was

.reached.

The contribution of the alternate electron transport

pathway to the overall oxygen uptake by wild type

cultures of U. maydis becomes significant only after

24 hours of growth. Oxygen uptake by young cells is

not affected by addition of benzohydroxamic acid

which shows that electron transport takes place

only via the cytochrome pathway. As the culture

grows older, dome effect becomes apparent. It was
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estimated that in 24-hour-old cultures 10% of the

0- uptake is due to the operation of the alternate

pathway. It must be stated, however, that' although

elimination of the alternate system does not improve

yield of U. maydis growing in synthetic medium at

the expense of glucose, it may do so in other fungi

or under different conditions.

Y

F. Kinetics of growth and chemical composition of F. moniliforme

cultivated on .carob aqueous extract for microbial protein " -,

production. Batch and continuous culture studies. Previous

work on semicontinuous culture of F. moniliforme on

aqueous carob extract produced a biomass of good appearence

and nutritional quality as judged by the rat bioassay.

These findings lead us to investigate further its v

performance on the same substrate in a batch and in a

continuous system in order to obtain the kinetic parameters

necessary for transferring the process to a pilot-plant

scale. * V

The results of batch culture appear in the enclosed

two copies of a manuscript submitted for publication. The

data from the continuous culture are being processed

and two copies of the prepared manuscript will be submitted

to the Agency in due course.

Athens, November 1976
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Summary. The kinetics of growth and the chemical composition of

Fusarium r.oniliforme cultivated on aqueous carob pod extract were in-

vestigated. The extract v/as adjusted to provide 0.5, 1.0, 2.0 and 4.0%

carob sugars supplemented with inorgür.ic salts at the ratio: Carob

sugar: NH.H2PO4:MgSO4#711-0= 1:0.6 :0.012. The extract contained 16 mg

tannic acid (Folin-Dennis) per g of carob sugar.

The phase of, vigorous growth was exponential and no depression

effect of tannins on growth was observed. The maximum value of 0.22 for

specific growth rate corresponding to 3.15 h of generation tine was obt-

ained when the fungus v/as cultivated on a 4% carob sugar medium. The

dry mycelium produced per g of consumed carob sugar was 0.515 g.

The protein and purine content was affected by the

composition of the growth medium. Protein values up to 37.7 true

(Lowry) and 53.1% crude (NX6.25) of dry mycelium were recorded whereas

the total purine content was 74.6 to 125.0 ymol/g corresponding to

nucleic acid levels of 4.7 to 7.8%.

These findings linked with those previously reported regarding

the good appearance and nutritional quality of F. noniliforme

(Drouliscos et al, 1976)* make this fungus a potential possibility to

consider for the production of microbial protein.

Permanent address. Laboratory of Microbiology, Delft

university of Technology, Delft, The Motherlands.
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Considerable effort has been made in investigating low-cost

agricultural materials as carbon sources for tnicrobial protein

production. This effort has been intensified after the price in-

crease of food yeasts from petroleum (Shipman et al, 1975).

Previous studies on the protein levels and aminoacid patterns

of certain fungi have sugested cultivating the fungus F. moniliforme

on a substrate of aqueous extract of- deseeded carob pods as a potent-

ial source of protein (Christias et al, 1975; Drouliscos et al, 1976)

The carob tree (Ceratonia siliqua) is a leguminous tree widely

distributed in Mediterranean areas and its deseeded pod (pericarp)

contains approximately 40% sugars (Tagari et al, 1965). The use

of this product intact in animal feeding is, however, limited

because of the high tannin content (Alumot et al, 1964; Tamir and

Alumot, 1970; Vochra et al, 1956).

Semicontinuous cultivation of P. monilifocme on aqueous carob

pod extract produced a biomass of good appearance and nutritional

quality as judged by the rat bioassay (Drouliscos et al, 1976).

These findings along with the possibility of using this fungus in .a

continuous fermentation system lead us in investigating further its

performance on the same substrate.

In this paper the kinetics of growth and the chemical composit-

ion of the mycelium of P. moniliforne grown on aqueous carob pod

extract in a batch cultivation system are presented.

MATERIALS AND METHODS

Organism. A laboratory strain of P. noniliforme, maintained on

potato-dextrose-agar, was used.

Growth medium. The preparation of. carob pod extract used in this

study is described elsewhere (Drouliscos et al, 1976). The carob

extract was filtered through a sterilizing filter sheet (Size 6»

Seitz filter Corp., ü.S.A) diluted with water to a concentration of

sugar 0.5, 1.0, 2.0 and 4% and salts added (g/liter): NH-iUpo.
1 ¿ 4
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3, 6, 12 and 24; MgSO4.7H2O, 0.06, 0.12, 0.24 and 0.48 respectively.

The diluted extract and salt solutions were separately sterilized

(121 C, 15 min) to avoid caramelization..

Inoculation. Fusarium inoculum from a slant culture was transfered

to 500-ml Erlenmeyer flasks containing 200 ml of the same growth

medium as in the fermentor vessels',- The flasks were incubated for

36 to 48 h at 30 C in a rotary shaker operating at 180 rpra. The

coirltent of a number of flasks (about 2g of dry mycelium) was

transfered into a fermentor vessel containing 10 liters of growth

medium. Measurements were taken and continued when the culture

reached a concentration of about 0.5 mg of dry mycelium per ml.

Batch culture. Batch culture was carried out in a bench top fer-

mentor (New Brunswick Scientific Co., Model MF 114) consisting

of 14-liter fermentation jar equipped with agitation and aeration

device and automatic temperature control. During growth the aerat-

ion and agitation were adjusted accordingly so that the culture

was kept. 60 to 80% saturated with oxygen. The oxygon content v/as

recordared using a heat sterilizable oxygen probe. Foaming was

controlled manually by adding a 30% antifoam emulsion (Dow Corning

C emulsion, Dovr Corning Intern. Ltd., Belgium). The pH was main-

tained at 4.5 by the addition of NaOH (10-15%) solution by

means of an automatic pH controller. The temperature during

cultivation was kept to 30° C.

Since the purpose of this paper was to study the kinetic

characteristics of the fungus at the phase of vigorous growth

the culture continued'for a total of 8 h after this phase has

started. During this period of growth samples (50-200 ml) were

withdrawn from the fermentation vessel at the appropriate inter-

vals. Immediately after withdrawal the samples were cooled in an

ice batch. Two aliquots of each sample were filtered through a
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preweighed membrane filter (0.45 p/pore size, Sartorius Gmbh,

W. Germany), washed 3 times with distilled v/ater and frozen dried.

The filtrate was analyzed for total sugars and tannins. The freeze

dried mycelium was analyzed for dry matter, Kjeldahl and Lov/ry

protein and total purines.

Analytical procedures. Procedure usnd for the determination of total

sugars, Lowry protein and tanning were described previously

(Drouliscos et al, 1975). Total nitrogen in the fungal biomass was

determined with the micro-Kjeldahl procedure (Lang, 1958). Crude

protein v/as expressed as total nitrogen (N) multiplied by the factor

6.25. Purines were analyzed according to Trevelyan (1975) and the

purine value multiplied by the factor 0.0643 gave the percentage .

nucleic acid.
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RKSULTS AND DISCUSSION . • '

Batch cultivations of P. moniliforitio were performed with

deseeded carob pod aqueous- extracts supplemented as described in

Methods. As shown in Figure 1 the log of the mycelium dry weight

shows a highly significant linear correlation with the cultivation

time (P<0.001). The specific growth rate (y), estimated from the

generation time (td) of the «icroorgánism iv=ín2/t¿) was found to be

0.157, 0.173, 0.177 and 0.220 corresponding to td values of 4.41,

4.00, 3.91 and 3.15 h in media containing 0.5, 1.0, 2.0 and 4% carob

sugar respectively. It appears, therefore, that the kinetic chara-

cteristics of F. moniliforne were significantly affected by the growth

media. Since the conditions of cultivation were kept the sarae in all

experiments the results obtained could be explained on the basis of

composition differences of the four growth media used. It would be

tempting to attribute the observed differences to the elevated salt

than to the carob sugar content in the growth media where higher p

values were observed. Similar results were obtained with the fungus

Tricholoma nudum when the effect of carbon: nitrogen ratio on the

mycelium yields was studied (Rousser et al, 1958).

Tannins were originally present in all media at the ratio of about

13 mg tannic acid per g carob sugar used and .remained at this level

throughout growth. Although tannins inhibit microorganisms (Henis

et al, 1964) they did not affect the grov/th of F. moniliforiae at Jhe

levels, present in the grov/th media.

The minimum generation time recorded in this study was 3.15 h.

This value is identical to the one reported by Borrow et al (1964) for

Giberella fugikuroi (the perfect stage of F. moniliforme) grov/n on a

synthetic medium and lower than the value 5.6 h for F. moniliforme

grown semicontinously on a carob extract (Drouliscos et al, 1976) .

Thé rate of carob sugar consumption by the fungus was measured

by taking the average of the consumption rates at 4,5,6,7 and 8 hr
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intervals during growth. The values recorded were used to

calculate the yield factor (Ym) i.e. the mycelium dry v/eight pro-

duced per g of consumed carob sugar. Tho. Y values appear in

Table 1 and are higher than that (Ym5 o. 384) recorded in the

semicontinuous culture of the same microorganism grown on the

same substrate (Drouliscos et al/"1976) and lower than that

(Ym= 0.56) reported for G. fujikuroi grown on a dextrose syn-

thetic medium (Borrow et al, 1964).

Chemical analyses of the fungal . biomass v/as

carried out* The dried mycelium of F. moniliforme contained under

the present experimental conditions different amounts of true

(Lowry) and crude (NX6.25) protein. These figures did not change

during cultivation but were affected by the composition of the

growth medium. The results appear in Figure 2 and show that bcth

the crude and the true protein content increased as the fungus

shifted in media containing higher carob sugar concentrations.

The reason for this is probably related to the increased salt

concentrations than to the elevated carob sugar. Similar effects

of nitrogen supplementation on protein content were observed in

different microorganisms (Sekeri-Pataryas et al, 1S73; Shannon

and Stevenson, 1975). The explanation for this is not well

documented and this observation requires further nutritional study.

Maximum values of 37.7 and 53.1% for true and crude protein

respectively v/ere obtained when the fungus was grown on a 4% carob

medium. Expressed on a dry weight basis both protein figures are

comparable to those reported for the same organism (34.2 and 59.9%,

respectively) grown on a glucose synthetic medium (Christias et al,

1975) and higher than those of the same fungus (30.0 and 38.0%

respectively) grown semicontinously on the same substrate

(Drouliscos et al, 1976). Fusarium semitectum gave a crude-protein
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yield of 48.1% when cultured on a glucose medium (Smith et al, 1975)

whereas Aspergí1lus niger gave a true protein content of 30+2.0% when

grown on a carob medium (Sekeri-Pataryas et al, 1973).

In determining the nucleic acid content of fungal biomass total

purines were chosen as an index for the amount of uric acid produced

in the body by the microbial protein; Under the present experimental

conditions of growth the total purine content of the fungal mycelium

was affected by the composition of the growth medium (Fig. 3), which,

in turn, has affected the y values as th^s was shown above. It was

found that the higher the sugar concentrations and therefore the v

values the higher the purine content of the mycelium. These findings

are in accordance with those reported byNeidhart and Magasanik, 1960

and Vananuvat and Kinsella, 1975, demonstrating that the RNA and

nucleic acid content rises markedly with increase in specific growth

rate. . . .

During growth the total purine and the corresponding nucleic

acid content of F. moniliforme reached its maximum value after 6 hr

(Fig. 3) and declined as the cultivation proceeded further. Similar

results were recorded with Saccharomyces cerevislae grown on beet

molasses (Beran, 1958) and Saccharomycos fragilis grown on whey

(Vananuvat and Kinsella, 1975). In reference to the purine levels

obtainedj they"* are lower than those reported for baker's,

brewer's and commercial food yeasts and comparable to the purine levels

Rhizopus oryzae (Trevelyan, 1975).

This investigation has shown that the growth characteristics

and the chemical composition of the fungus F. moniliforme, culti- .

vated on an agricultural by-product such ás the carob pod extract,

are competitive with those reported for other molds and commercial

yeasts. The above findings and the good appearance and nutritional

quality of F. moniliformo (Drouliscos et al, 1976) offer a good
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possibility for this fungus to be used for the production of

microbial protein from agricultural by-products.



Fig. 1 • .

Exponential growth during batch cultivation of F. moniliforme

on carob pod aqueous extracts supplemented with salts at a ratio:

Carob sugar: NH4H2PO4:MgSO4.7H2O= 1:0.6:0.012. The values represent

the average contents obtained from duplicate samples. Cultivation

conditions: aeration-60-80% saturation with oxygen; pH-4,5; temper-

ature -30°C. Legend: (A): carob sugar-0.5%, correlation coefficient,

r=0.9ll, equation for line, log y=0.068X+1.725; (B):carob sugar 1.0%,

correlation- coefficient, r= 0.982, equation for line, log y= •

= O.O75X + 1.58«*; (C) : carob sugar 2.0%, correlation coefficient,

r=0.986, equation for line, log y= 0.077X + 1.698; (D) : carob sugar 4%,

correlation coefficient, r= 0.916, equation for line, log y=

= 0.08J+X + 1.608. •

Fig. 2

True (Lowry) and crude (NX6.25) protein content of the dry

mycelium of F. moniliforme grown exponentially on carob media. The

values represent the average contents obtained fron duplicate samples.

Cultivation conditions as in Fig. 1. Legend: O carob sugar 0.5%;

• carob sugar 1%; A carob sugar 2'%.,. and á carob sugar 4% .

Fig. 3 .

Total purine and nucleic acid content of the dry mycelium of

F. moniliforne grown exponentially on carob media. The values re-

present the average contents obtained from duplicate samples.

Cultivation conditions as in Fig. 1 Legend: O carob sugar 0.5%

(y=0.l57); 9 carob sugar 1% (\i- 0.173); A carob sugar 2%

(u= 0.177), and 4 carob sugar 4% (p=0.22) .



Table 1. Kinetic parameters of P. inoniliforme grovm exponentially

on carob pod ageous extracts. Cultivation condition are

described in Fig. 1.

0.5

1.0

2.0

4.0

0.157

0.173

0.177

0.220

0.462

0.480

0.491

0.515

a. Specific growth rate •

b. Mycelium dry weight produced per g of consumed sugar.
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