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EFFECT OF SINGLE CELL PROTEIN AS A PROTEIN SOURCE IN DROSOPHILA CULTURE
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ABSTRACT

The effects of biomass of Phanerochaete chrysosporium at various concentrations (1; 2.5; 5; 10; 25; 50; 75
and 100%) on the growth of Drosophila melanogaster have been investigated. Biomass was used as a
protein source instead of corn flour in Standard Drosophila Medium(SDM). It was seen that it causes
incrementsin both body size of larvae and the numbers of offsprings, especially at higher concentrations (50,
75 and 100%). At the application of 100% concentration, metamorphosis accel erated and was compl eted one
day beforethe control. Therewere phenotipic abnormalitiesin both control (0.64%) and applicationswith low
concentrations (0.02-0.19%), while they were not observed at the application of 100% concentration
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INTRODUCTION

Use of microbes as a food source may appear to be
unacceptable to some people but the idea of consumption of
microbes asfood for man and animalsiscertainly innovativeto
solvetheglobal food problem. Algae, fungi and bacteriaarethe
chief of microbial protein (single cell protein- SCP) that can be
utilized asaprotein supplement (2,7). Many fungal speciesare
used asaprotein-rich food. They provide the B-complex group
of vitamines and they also show a low level of nucleic acid
content (8). The amino acid composition of Aspergillus niger
according to FAO standards is well balanced (11). Yeast
contains thiamine, riboflavin, biotin, niacin, pantothenic acid,
pyridoxine, choline, streptogenin,glutathione,folic acid and P-
amino benzoic acid (8). SCPfrom mixed cultures of Trichoderma
reesel and Kluyveromyces marxianus are reported to contain
essential amino acids which compares favorably with FAO
guidelines and soybean oil meal (9). But, it was also reported
that SCP should also passall toxicity teststo be commercialized
asafood product. Some fungal secondary metabolites such as
patulin, citrinin, ochratoxin A, roquefortine, rubratoxin B and
penicillic acid may cause acute and chronic toxicity, especialy
to the kidney and liver tissues of rat, guinea pigs, mice and
cockerels(4,12,13). Someextractsand metabolitesof Aspergillus

and Penicilliumdecreased survival of thelarvae of Drosophila
hydei and prolonged their development (5,10). Penicillium
roqueforti filtrateincreased the mortality of F; generation of D.
melanogaster (17).

The aim of thisresearch isto investigate the avail ability of
SCP of Phanerochaete chrysosporium as a protein source and
its possible toxic effectsin Drosophila culture.

MATERIALSAND METHODS

Organism

Drosophila melanogaster Meig (Diptera: Drosophilidae)
Oregon-R strain was used in this investigation. This is a
laboratory wild type stock adopted into laboratory conditions
by intermating for along time. For the growth and stock cultures,
Standart DrosophilaMedium (SDM) wasused (17). The stocks
were maintained in an incubator adjusted to 25 + 1°C and 40-
60% relative humidity.

White-rot fungus, Phanerochaete chrysosporium (ATCC
28236), was used for SCP production. The organism was
maintai ned by subculturing on Sabouraud Dextrose Agar Slants
for 14 daysat 37°C and then stored at 4°C.

All mediaand chemicals used in this study were analytical
grade.
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PRODUCTION OF SCP

Fermentation was carried out in a bench top fermenter
(BIOSTAT M). During this operation, aeration, agitation and
temperature were adjusted to 1 vvm, 600 rpm and 35°C,
respectively. An aliquot of 10 ml of P. chrysosporium spore
suspension with approximatelly 5x107 sporesfrom slant culture
wastransferred to a250 ml flask containing 100 ml of nutrient
broth. Thisflask wasincubated for 72 hours with continuous
shaking (250 rpm). The contents of the flask were transferred
to the fermenter vessel containing 21 of nutrient broth.
Foaming was controlled manually using an antifoam (Fluka
chemie. AG, CH-9470 Buchs). Stationary phase myceliawere
harvested by filtration through a 80-mesh copper sieve and
thoroughly washed with distilled water. Themyceliaweredried
at 60°C, ground in a mortar to a very fine powder and kept
desiccated (6). Protein determination of the biomasswas carried
out by the microkjeldahl method. Dry matter and total ash
content of biomass were determined using the standard
methods outlined in AOAC (3). The amino acid analysis of
the biomasswas carried out by automatic amino acid analyser
(Biotronic LC 5001) after hydrolysis of the sample proteinin
6N HCL for 24 hours(1).

Experimental Groupings

To test the effects of the SCP on the growth of D.
melanogaster, this specieswas cultivated in 9 different media,
shownin Table 1. Onefemale and three mal e flieswith the same
agewere put into each of culturevials. All of the femal es used
inthe experimentswerevirgin. The developmental stageswere
followed daily. After pupaformation, the parental individuas
were removed. Off springswere counted everyday from thefirst
day of eclosion and the sexes were noted.

Table 1. Thecomposition of different mediaused for thisstudy.

Composition
. SCP . SCP Corn flour Agar Bas.e
Medium concentration solution
: % (gr) (gI‘) (gr) (ml)*
1 - - 223 0.5 30
11 1 0.02 2.21 0.5 30
11 2.5 0.06 2.17 0.5 30
v 5 0.11 2.12 0.5 30
A% 10 0.22 2.00 0.5 30
VI 25 0.56 1.67 0.5 30
VII 50 1.11 1.11 0.5 30
VIII 75 1.67 0.56 0.5 30
IX 100 2.23 — 0.5 30

*: Base solution contains 106.19g sucrose and 31g yeast in 1
liter of distilled water.

Single cell protein in Drosophila culture

All experimentsweredoneintriplicate. Chi- squaretest was
used for the statistical analysis of the results. Statistical
comparisons are between experimental groups and the control.

RESULTSAND DISCUSSI ON

Proximate composition of the biomass of P. chrysosporium
is shown in Table 2. Values in this table are similar to the
composition obtained by using other fungi (1,6,14).

The detailed amino acid composition of obtained biomass
and of FAO reference protein are given in Table 3. Biomass
obtained from P. chrysosporium contained all of the essential
aminoacids. Itisrichinlysine. Primary limiting amino acidsare
the sulphur containing ones. Because tryptophane is destroyed
during the acid hydrolysis, thisamino acid is not reported.

SCP accelerated the metamorphosis especialy at higher
concentrations. In al of the control and experimental groups,
except for 100% application, laid egg, first, second and third
instar larvae, prepupae, pupae and adult individuals were
observed at thedaysof 2, 3¢, 41, 5 6", 7t and 9", respectively.

Table 2. Approximate composition of the biomass of P.
chrysosporium.

Components (g/100 g of dry matter)
Dry matter 94.2
Total ash 8.1
Total nitrogen 5.42
Crude protein 33.9

Table 3. Amino acid composition of protein of P. chrysosporium
and FAQ reference protein.

Amino acids (g/100g) P, chrysosporium FAO
Aspartic acid 11.25 -
Threonine 3.29 2.8
Serine 4.11 -
Glutamic acid 18.56 -
Proline 3.33 -
Glycine 6.22 -
Alanine 498 -
Cysteine 0.97 2.0
Valine 5.02 42
Methionine 1.88 2.2
Isoleucine 4.17 4.2
Leucine 8.00 4.8
Tyrosine 4.00 2.8
Histidine 3.05 -
Lucine 6.55 4.2
Tryptophan - 1.4
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However, in the application of 200% concentration (Medium
1X), first adult was observed at the 8"day after mating. That is,
metamorphosiswas completed one day ago in thismedium. On
the other hand, it was also observed that the body sizes of
larvae of experimental groups, especialy of 75 and 100%
concentrations, were bigger than those of control (Fig. 1).

The number of offsprings increased with the increasing of
SCP (Table 4). For example, the total numbers of offsprings for
medial (Contral), Il and I X werefound to be 770, 1550 and 5060,
respectively. The differences in the numbers of male-female
individuals between the control and experimental groups were
not statistically significant (P>0.05), while the increasing of the
total number of offsprings was significant (P<0.01). We also
examined the phenatipic abnormditiesof i individuasfor al media
and wefound that therewere phenotipi c abnormalities (in respect
of wing, thorax and body size) in both control (abnormality: 0.64%)
andthemediawithlow concentrations(1; 2.5; 5; 10; 25%) of SCP

a on SDM (control = medium no 1); b. on 100% SCP (medium no 1 X).
Figurel. Thirdinstar larvae of D.melanogaster X 31.25.

Table 4. The effects of SCP on the number of offspring of D.
Melanogaster.

Total Number of
Medium Male Female number of abnormal
individuals individuals
n (%) n (%) n (%)
1 370 48.1 400 51.9* 770** 5 0.64
II 800 51.6 750 48.4* 1550%* 3 0.19
11 790 513 750 48.7* 1540%** 3 0.19
v 1090 50.0 1090 50.0* 2180** 2 0.09
\'% 1173 51.0 1127 49.0* 2300* 1 0.04
VI 1840 48.9 1920 51.1* 3760* 1 0.02
VII 2047 489 2143 51.1* 4190* - -
VIII 2100 48.8 2200 51.2* 4300* - -
IX 2510 49.6 2550 50.4* 5060* — -

* Sex-ratio differenceisnot significant (P>0.05); ** Theincrement
of thetotal number of offspringsissignificant (P<0.01).
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(@bnormdities: 0.02-0.19%) asthey werenot observed at themedia
with higher concentrationsof SCP(MediaVII, VIl and 1X).

At the beginning of this work, we supposed that the SCP
would have had atoxic effect on the growth of D. melanogaster,
but weweresurprised to find that it had abeneficial effect onthis
speciesat higher concentration. P. chrysosporiumisawell-known
white-rot fungus, which is known to be capable of degrading
chlorinated organics that exist in bleaching effluents from pulp
and paper mills (18), and large quantities of fungal biomass can
cheaply be obtained from such processes (15). Asseenin Tables
2 and 3, the biomassisrich in inorganic and organic materials,
especially for essential amino acids. The promoting effect of
biomass on the growth may be due to the presence of some
growth factorsin it. Some phenotipic abnormalities observed in
control (Medium 1) support this idea. On the other hand,
thermotolerant microorganisms such as P. chrysosporium have
the same advantages as a source of single cell protein when
compared with mesophilic microorganisms. Thecost of energy is
greatly reduced because: a) the energy required for heating is
not as high asthat required for refrigeration of the culture broth;
b) Sterilization of the medium is not required due to the high
temperatureof theorganism growth (16). Inaddition, the utilization
of P. chrysosporium as a source of SCP for rats was found to be
very promising. Because of the above reasons, we preferred the
SCP of P. chrysosporiumfor thisresearch.

Consequentlly, we can suggest that the SCP of P.
chrysosporium has a promoting effect on the growth of D.
melanogaster and can be used instead of corn flour in SDM.
The mechanism of this growth promoting effect needs to be
investigated both for D. melanogaster and for other Diptera.

RESUMO

Efeito de biomassa como fonte de proteinano cultivo de
Drosophila

Investigou-se os efeitos de biomassa de Phanerochaete
chrysosporiumem diferentes concentragtes (1; 2,5; 5; 10; 25; 50;
75 e100%) no crescimento de Drosophila melanogaster. Emmeio
SDM (Standard Drosophila Medium) a biomassa foi empregada
como fonte de proteina, em substituicdo a farinha de milho.
Observou-se que abiomassa causou aumento no tamanho corporal
das larvas e no nimero de descendentes, especialmente nas
concentragdes mais elevadas (50, 75 e 100%). Ao usar-se a
concentracgo de 100%, ametamorfose acel erou-see completou-se
um dia antes do controle. Foram observadas anormalidades
fenotipicastanto no meio controle (0,64%) quanto no meio contendo
baixas concentracfes de biomassa (0,02 a 0,19%), mas essas
anormalidades ndo foram observadas na concentracdo de 100%.

Palavr as-chave: biomassa, toxicidade, Drosophila, Phanerochaete
chrysosporium.
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