
Introduction

Many nutritional requirements are common to insects
and higher animals. Except for certain nutrients, the
qualitative nutritional requirements of insects are more
or less similar to those of higher animals (1). Some
antimicrobial agents have been used as dietary
supplements for promoting the activities and
performance of laboratory-reared insects. In recent years
some antimicrobial agents, mostly antibiotics, have been

fed to insects by adding these agents to their artificial diet
or by addition to their natural foods or hosts. There was
some work done on silkworm nutrition to improve silk
production for industry. Some antibiotics were
demonstrated to increase growth and silk production and
enhance other some economic traits of a number of
silkworm species such as Philosamia ricini (Boisd) (2-4)
and Bombyx mori L. (5). Some antibiotics also increased
the incorporation of amino acids into silk proteins
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Abstract: The effects of some antibiotics and antifungal agents in combination on the total protein content of young pupae of the
hymenopterous endoparasitoid, Pimpla turionellae L., were investigated by rearing the larvae aseptically on chemically defined syn-
thetic diets. These effects varied with the kinds and levels of the combination of antimicrobial agents in the diets. The combinations
of antibiotics generally increased the total protein content according to their individual levels in the diets. Antifungal agent combi-
nations caused a slight but significant increase in the total protein content. However, some tested combinations of nystatin with
methyl p-hydroxybenzoate or cycloheximide significantly decreased the total protein content of the insect. The addition of an antibi-
otic to the diet in combination with nystatin and methyl p-hydroxybenzoate increased the total protein content. When an antifungal
agent was added to the combination of penicillin and streptomycin the protein content decreased. The combinations of antimicrobial
agents had an effect on the wet weight of the pupae. It was demonstrated that the total protein content of these pupae varied
inversely with changes in their wet weight. It also seems as if increased protein content does not correlate with higher survivorship
and life expectancy of this parasitoid.
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Antimikrobiyal ajanlar: Endoparazitoid Pimpla turionellae L.
(Hymenoptera: Ichneumonidae)’n›n total protein miktar›na birlikte etkileri

Özet: Endoparazitoid hymenopter türü, Pimpla turionellae L., kimyasal yap›s› bilinen sentetik besin ortamlar›nda aseptik flartlarda
beslenerek baz› antibiyotik ve antifungal ajanlar›n kombinasyonlar›n›n böce¤in genç puplar›n›n toplam protein miktar›na etkileri ince-
lendi. Bu etkiler besindeki antimikrobiyal ajanlar›n kombinasyonlar›n›n çeflidine ve miktar›na göre de¤iflmektedir. Antibiyotik kombi-
nasyonlar›n›n ço¤u besinde tek bafl›na bulunan miktarlar›na göre toplam protein miktar›n› art›rm›flt›r. Antifungal ajan kombinasyon-
lar› ise antibiyotiklere göre fazla olmayan ancak istatistiksel olarak önemli bir art›fla sebep olmufltur.Nistatinin metil p-hidroksiben-
zoat veya sikloheksimid ile kombinasyonu toplam protein miktar›n› önemli derecede düflürmüfltür. Nistatin ve metil p-hidroksiben-
zoat kombinasyonunu içeren besine bir antibiyotik ilave edilmesi toplam protein miktar›n› art›rm›flt›r. Penisillin ve streptomisin kom-
binasyonunu içeren besine bir antifungal ajan ilave edilmesi bu miktarda azalmaya sebep olmufltur. Antimikrobiyal ajanlar›n kombi-
nasyonlar› ayn› zamanda puplar›n yafl a¤›rl›¤› üzerinde etkili olmufltur. Bu puplar›n toplam protein miktar›n›n yafl a¤›rl›klar› ile ters
orant›l› olarak de¤iflti¤i tespit edilmifltir. Protein miktar›ndaki art›fl›n bu parazitoid böce¤in yaflama ve geliflmesi üzerine olumlu bir
etkide bulunmad›¤› görülmüfltür.

Anahtar Sözcükler: Pimpla turionellae, Antimicrobial ajanlar, Total protein, Beslenme 
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synthesized by P. ricini (2). These works indicate that
antibiotics exert their positive effects on metabolic
activity and growth performance by increasing the
protein synthesis of these industrially important insects.

P. turionellae L. (Hymenoptera: Ichneumonidae) is a
pupal endoparasitoid of various lepidopterous pest
insects, and thus serves as a biological control agent. It
can be reared on an artificial diet from egg to adult stage
under laboratory conditions (6). A recent study showed
that some combinations of antibiotics increased the
survival and decreased the development of P. turionellae
larvae reared on an artificial diet (7). However, a previous
study on this parasitic wasp showed that most antibiotics
and antifungal agents added in combinations to artificial
diet had negative effects on post-larval survival and
development, but a combination of nystatin:methyl p-
hydroxybenzoate caused a significant increase in the
survival rate and a decrease in the developmental time of
P. turionellae. Ternary combinations of these agents also
had no adverse effects, and some of them even had
positive effects on the survival rate. It was observed that
post-larval developmental stages, mostly the pupal stage,
were more susceptible to tested combinations of
antimicrobial agents than other stages (8). The variable
results of this study have sparked important attempts
toward investigating the effects of antimicrobial agents
on total body composition to optimize the artificial
rearing of this parasitoid. Studies on various
developmental stages of entomofagous insects suggest
that the determination of protein content is an important
criterion for evaluating the effects of some dietary
supplements (9,10). No information dealing with the
effects of antimicrobial agents on the protein content of
P. turionellae is available. The aim of this study was to
investigate the effects of combinations of some antibiotics
and antifungal agents on the total protein content in the
pupal stage and determine their importance in the
artificial mass rearing of the this parasitoid. Thus, I
investigated the effects of six antimicrobial agents on
total protein content by the addition of penicillin,
streptomycin, rifampicin, cycloheximide, nystatin and
methyl p-hydroxybenzoate in binary and ternary
combinations in the larval diet of P. turionellae. This
study shows that successful artificial mass rearing will
require a thorough knowledge about the effects of
antimicrobial agents on chemical composition in the
different developmental stages of parasitoids.

Materials and Methods

Stock cultures of P. turionellae were maintained in the
laboratory on the greater wax moth, Galleria mellonella L.
(Lepidoptera: Pyralidae), at a temperature of 23±1°C,
relative humidity of 75±5% and with 16:8 (LD) h
photoperiod. Adults were fed daily with a 50% honey
solution and G. mellonella pupal hemolymph.

The synthetic diet described by Yazgan (6) was used
for rearing the larvae of P. turionellae. The diet contained
an amino acid mixture, lipid mixture, an inorganic salt
mixture, glucose, RNA and a mixture of water soluble
vitamins. The methods used in the preparation of stock
solutions of dietary ingredients, a diet utilized from these
stocks, sterilization techniques, adding sterilized vitamin-
glucose and antimicrobial agent solutions in the diet,
dispensing the diets into test tubes, obtaining the
sterilized larvae and their inoculation into the diets, and
preparation of gelatine capsules for pupation were mainly
the same as those described elsewhere (7,8).

Some of the antimicrobial agents used in this work,
such as cycloheximide (98%), were obtained from Sigma
Chemical Co. (St. Louis, USA). The others were obtained
from different firms such as penicillin G (potassium salt,
1600 Units), and streptomycin sulphate (pure,crystalline)
from Claus & Huth Ltd. (England). Methyl p-
hydroxybenzoate (pure, crystalline) was obtained from
the Koch-Light Lab. (England), rifampicin (-SV, 95%)
came from the Koçak Medicine Co.Ltd. (‹stanbul,
Turkey), and nystatin (5300 Units) was sourced from the
Bristol-Myers Squibb Co. (New Jersey, USA).

Agents tested were expressed as mg/100 ml of the
diet. Their desired amounts were dissolved in bidistilled
water, then sterilized through a 0.22 mm membrane
filter (Sartorius GmbH, Goettingen, Germany, Minisart,
NML) and added to the diet before gel formation. The
volume of the diet was established by adjusting the
amount of water in the diet. One newly hatched larva was
inoculated into each test tube that contained a given diet
of about 0.5 ml. The experiments were replicated three
times with ten larvae per replication. The feeding
experiments were done under the same laboratory
conditions as mentioned for the stock culture of P.
turionellae.

The combined effects of six antimicrobial agents were
investigated through the addition of these agents into
diets as combinations containing two or three agents
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(binary or ternary combinations). At first, both the
individual and binary combined levels of each of the
antimicrobial agents that either had no apparent effects
or had adverse effects on the number of survivors in the
pupal stage according to the control diet (without
antimicrobial agents) were determined. For the
preparation of the tested combinations, these levels were
used in different combinations. These individual and
binary combined levels were also tested within their own
experimental group as controls, in one sense, for
investigating how the effects of binary and ternary
combinations of antimicrobial agents change respectively.
Therefore, extra control diets without antimicrobial
agents were not needed for comparison. The experiments
were conducted in two series. In the first series, the
combinations of two antimicrobial agents were tested to
investigate their combined effects on the total protein
content of the insect. Their effects were compared to
those of individual dietary levels of the combinational
antimicrobial agents. The components of these
combinations were either antibiotics or antifungal agents.
In the second series of experiments, the combined effects
of three antimicrobial agents were investigated. These
effects were compared with those of binary combined
levels of the antimicrobial agents. The ternary
combinations were prepared by the addition of
antimicrobial agents to the diet with the binary
combinations. These ternary combinations consisted of
two antibiotics plus an antifungal agent or two antifungal
agents plus an antibiotic. 

For protein extraction, the young pupae (one-day old)
were taken from each replication of the experiments. The
wet weight of these pupae was individually determined.
Whole young pupae were ground in 10% trichloroacetic
acid solution with a homogenizer (Arthur H. Thomas Co.
U.S.A.) for periods of 5 minutes. Following
centrifugation, at a speed of 3500 rpm for periods of 15
min, tissue proteins were precipitated and the
supernatant was discarded, and the procedure was
repeated three times. Finally a protein pellet was
homogenized in 96% ethyl alcohol then centrifuged at a
speed of 3500 rpm and the supernatant was discarded.
This procedure for removing tissue lipids was repeated
three times. Finally, the protein pellet was redissolved in
bidistilled water. The extraction procedure was made
according to Plummer (11). The amount of total protein
was determined spectrophotometrically (Jenway Ltd.,

England) at a wavelength of 600 nm with Folin-phenol
reagent (Sigma Chemical Co. St. Louis, USA) (12). Bovine
serum albumin (Sigma Chemical Co. St. Louis, USA) was
used as a standard protein. Protein extraction and
determination were done separately from each replication
of the experiments.

The effects of the tested diets with different
combinations of the antimicrobial agents on the total
protein content of the insect were measured by
determining the average amount in mg and the
percentage of the total protein according to the wet
weight of the young pupae of P. turionellae. Data were
evaluated by analysis of variance (ANOVA) (13). To
determine significant differences between means,
Duncan’s (14) multiple range test was used. Differences
were considered significant when F exceeded 0.01.

Results and Discussion 

The results of this work showed that the antimicrobial
agents in different combinations added to the diets had
noticeable positive effects on the total protein content of
an endoparasitoid P. turionellae pupae compared to their
individual dietary components. However, a few
combinations containing two or three agents were
demonstrated to have negative effects on the total
protein content of the insect. These effects varied in
response to the kinds and dietary levels of the
combinational agents. 

The diets containing different combinations of the two
antibiotics remarkably increased the total protein
percentage of the pupae. For example, a combination of
penicillin with streptomycin (10:20 mg) significantly
increased the total protein content to a level as high as
61.1% when compared to those tested alone with
penicillin and streptomycin. Moreover, another tested
combination of penicillin and streptomycin (20:20 mg)
significantly increased the total protein percentage two-
fold according to these agents alone. The other binary
combinations of antibiotics such as penicillin:rifampicin
(20:2.5 mg), streptomycin:rifampicin (20:2.5 mg)
significantly raised the total protein percentage to 54.9%
and 61.7% respectively according to the individual
dietary levels of the experimental group. Feeding some
antibiotics, including streptomycin, procaine penicillin,
oxytetracycline, chloramphenicol and gentamycin, to
larvae were effective in improving growth and other
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economic traits such as the weight of the larval and pupal
cocoon shell and the silk production of the various
silkworm species, Philosamia ricini (Boisd) (2-4) and
Bombyx mori L. (5). It was already established that some
antibiotics alone or in combination added into the food of
some domesticated breeding animals enhanced their
performance and the productivity. These agents were
demonstrated to have positive effects on growth and
performance by increasing feed consumption, facilitating
the intestinal absorption of nutrients and reducing the
protein digestion of these animals (15-18).

There are some reports about the effects of certain
antifungal agents used alone on the growth, survival and
reproduction of some hymenopterous insects, mostly
from the Trichogrammatid species (19-21). No work has
been done on their individual or combined effects on body
composition of these insects. This work demonstrated
that tested antifungal agent combinations exerted
variable effects on the total protein content of the pupae.
For example, a combination of nystatin and methyl p-
hydroxybenzoate (30:2.5 mg) caused a significant
increase in the protein content from a percentage of 27.3
to 39.7% when compared to those of the individual
dietary level of nystatin. The effect of this combination
was similar to that of methyl p-hydroxybenzoate by itself
at a level of 2.5 mg. A similar result was obtained from a
combination of methyl p-hydroxybenzoate and
cycloheximide (2.5:0.008 mg). This combination had no
effects according to 2.5 mg of methyl p-hydroxybenzoate
alone but compared to 0.002 mg of cycloheximide it
significantly increased the total protein from a percentage
of 43.5 to 67.4% (Table 2). The results show that tested
antifungal agent combinations cause a smaller but
significant increase in the total protein content according
to their individual dietary levels. The amount of the total
protein in the pupae may be elevated as a result of
increased food consumption and also the intake of raw
material and energy sources for protein synthesis.
Nutrient intake, particularly that of amino acids, is the
primary stimulus for protein synthesis in higher animals
(22). Streptomycin was demonstrated to have positive
effects on the food consumption of the Pimpla larvae
(23). This antibiotic, and perhaps the others in the tested
combinations, may have provided the efficient availability
of amino acids for protein synthesis. It was demonstrated
that the excessive supply of amino acids led to an increase
in the protein synthesis of some young vertebrates (24,

25). However, some combinations of nystatin with
methyl p-hydroxybenzoate (45:2.5 mg) dramatically
decreased the percentage of total protein to a level as low
as 12.9% when compared to individually tested levels of
these antifungal agents. A significant decrease in the total
protein from a percentage of 44.7 to 21.3% was
obtained by the addition of 30 mg of nystatin to the diet
with 0.002 mg of cycloheximide. These combinations of
antibiotics or antifungal agents may have contributed to
the nutritional value of the diet. This suggestion is
consistent with the view that physiological responses of
an insect to dietary changes depend mainly on their
nutritional value (26). Zucoloto (27) reported that insects
select a diet or host that will provide the best
development on the basis of its nutritional value. As in the
binary combinations of antifungal agents, the tested
combinations of three antimicrobial agents had variable
effects on the percentage of the total protein of the
insect. The addition of nystatin or methyl p-
hydroxybenzoate to the diet containing
penicillin:streptomycin combination caused a significant
decrease in the total protein content from a percentage of
56.6 to 37.8 and 25.2% respectively. When penicillin or
streptomycin was added to the combination of
nystatin:methyl p-hydroxybenzoate, the total protein
content was increased from 13.9 to 38.5% and 31.2%
respectively. Furthermore, the data shows that the
penicillin:rifampicin:nystatin combination may substitute
for the penicillin:rifampicin combination in the larval diet
of P. turionellae, as both of these combinations enabled
the pupae to synthesize protein by ≈ 49% (Table 3).

These variations in the effects of the combinations
containing two and/or three agents may be attributed to
a possible interaction between combinational agents.
Interactions between antimicrobial subtances may affect
the feeding rate and activity of the larvae. Singh and
House (28) stated that antimicrobial agents in the diets
deterred feeding activities owing to olfactory or
gustatory stimuli. It is noteworthy that synergistic
interaction was obtained from penicillin:streptomycin
(10:20 mg) and streptomycin:rifampicin (20:2.5 mg)
combinations (Table 1). The percentage of total protein
caused by these combinational antibiotics was greater
than the sum of those of each of the agents when used
alone for feeding Pimpla larvae. However, when the
larvae were fed with the diet containing 45 mg of
nystatin plus 2.5 mg of methyl p-hydroxybenzoate, the
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Table 1. The effects of some antibiotics alone and in binary combination on the total protein content of the P. turionellae pupae.

Levels Wet weight Content of total body protein

of antibiotics mg mg %

(mg/100 ml  diet) (mean ± S.D.)a (mean ± S.D.)a (mean ± S.D.)a

Penicillin:streptomycin
10 - 6.6 ± 0.50a 1.46 ± 0.04a 22.4 ± 2.30a
- 20 5.8 ± 0.20a 1.11 ± 0.03a 19.2 ± 1.30a
10 20 4.9 ± 0.80a 2.98 ± 0.40b 61.1 ± 3.70b
10 40 7.3 c 2.80 c 42.8 c

20 20 5.3 ± 0.90a 2.06 ± 0.02c 40.4 ± 5.90c

Penicillin:rifampicin
10 - 6.4 ± 0.40a 1.71 ± 0.20a 26.8 ± 3.70a
- 2.5 6.5 ± 0.40a 2.36 ± 0.20b 36.5 ± 3.30a,b
10 2.5 6.5 c 1.15 c 17.7 c

10 10 - - -
20 2.5 5.0 ± 1.10a 2.70 ± 0.05b 54.9 ± 10.30c

Streptomycin:rifampicin
20 - 5.8 ± 0.20a 1.10 ± 0.04a 19.1 ± 1.30a
- 2.5 6.7 ± 0.30a 2.15 ± 0.10b 32.1 ± 0.60a
20 2.5 4.3 ± 0.50b 2.60 ± 0.05c 61.7 ± 6.20b
20 10.0 4.0 b 2.84 b 62.5 b

40 2.5 4.0 c 1.60 c 40.9 c

a
Three replicates. Values followed by the same letter are not significantly different from each other, P > 0.01

b
From one replicate

c
From two replicates

Table 2. The  effects of  some antifungal  agents alone and in binary combination on  the total protein content of  the  P. turionellae pupae. 

Levels Wet weight Content of total body protein

of antifungal agents mg mg %

(mg/100 ml  diet) (mean ± S.D.)a (mean ± S.D.)a (mean ± S.D.)a

Nystatin:methyl p-HB
30 - 7.4 ± 0.30a 2.00 ± 0.06a 27.3 ± 1.40a
- 2.5 4.6 ± 0.40b 2.10 ± 0.08a 46.0 ± 5.00b
30 2.5 9.5 ± 0.70c 3.80 ± 0.04b 39.7 ± 2.00b
30 10 8.4 c 2.69 c 32.3 c

45 2.5 9.6 ± 0.80c 1.23 ± 0.01c 12.9 ± 0.30c

Nystatin:cycloheximide
30 - 7.8 ± 0.20a 1.96 ± 0.10a 25.3 ± 2.40a
- 0.002 4.9 ± 0.30b 2.16 ± 0.10a 44.7 ± 4.40b
30 0.002 7.3 ± 1.00a 1.53 ± 0.05a 21.3 ± 2.50a
30 0.008 7.8 c 1.43 c 19.2 c

45 0.002 8.3 b 2.26 b 27.2 b

Methyl p-HB:cycloheximide
2.5 - 4.5 ± 0.40a 2.30 ± 0.07a 51.5 ± 3.60a,b
- 0.002 5.1 ± 0.10a 2.22 ± 0.20a 43.5 ± 3.30b
2.5 0.002 6.0 b 2.75 b 45.8 b

2.5 0.008 4.2 ± 0.90a 2.76 ± 0.20b 67.4 ± 10.80a
10 0.002 - - -

eThree replicates. Values followed by the same letter are not significantly different from each other, P > 0.01
bFrom one replicate
cFrom two replicates 
methyl p-HB: methyl p-hydroxybenzoate



total protein content was decreased from a percentage of
46 to 12.9% (Table 2). Similarly, it has been
demonstrated that the negative effects of some
antibiotics on the protein synthesis of various parasitic
protozoa were increased by their combination with other
antibiotics used to treat the infections of these parasites
in some higher animals (29-31). Therefore, it is
reasonable to suggest that the kinds and levels of
combinational antimicrobial agents should be carefully
chosen when they are used in the feeding of the insect.
Feeding some antimicrobial agent combinations to larvae
also affected the wet weight of the pupae. The total
protein content of these pupae appeared to vary inversely
with changes in their wet weight. For example, combining
20 mg of streptomycin with 2.5 mg of rifampicin
significantly decreased the average wet weight of the
pupae, but these pupae contained high protein by ≈ 3-fold
(Table 1). When 30 mg of nystatin was added to the diet
with 0.002 mg of cycloheximide, the pupal wet weight
was significantly increased from a weight of 4.9 mg to
7.3 mg, but the percentage of the total protein was
significantly decreased from 44.7 to 21.3% (Table 2).
Moreover, some tested combinations had no significant
effect on the wet weight of the pupae, but they had an
effect on the total protein content (Table 1). These
different results were also obtained with the tested
combinations of three antimicrobial agents (Table 3).
Such differences in pupal wet weight may be the result of

the changed water content of the insect. These
antimicrobial agents in the diet may influence the water
content of the pupae. The larvae may balance their water
content by increased water uptake from the diet and/or
by reduced water loss (32). A work with Locusta
migratoria L. demonstrated that experimentally increased
hemolymph osmotic pressure may increase the amount of
the water obtained from food (33). Changes in water
content, which constitues a large amount of the total
body composition of immature stages (34), usually have
an effect on the wet weight and thus on the metabolic
activity of the insects. Young organisms are known to
have a higher water content and a lower ash content than
adults (35). Statistical analysis of the data showed the
difference in the effects of some combinations of
antimicrobial agents on the average amount in the mg
and the percentage of the total protein per wet weight.
For example, a combination of nystatin with methyl p-
hydroxybenzoate (30:2.5 mg) significantly increased the
wet weight from an amount of 4.6 mg in the diet with
2.5 mg of methyl p-hydroxybenzoate alone to 9.5 mg.
This combination also caused a significant increase in the
amount of total protein from 2.10 mg to 3.80 mg, but it
seems to have had no significant effects on the
percentage of the total protein of the insect. Although the
addition of 0.002 mg of cycloheximide to the diet with
30 mg of nystatin significantly decreased the amount of
total protein from 1.96 mg to 1.53 mg, it did not cause

Antimicrobial agents: their combined effects on total protein content of the endoparasitoid Pimpla turionellae L. (Hymenoptera: Ichneumonidae)

234

Table 3. The effects of combinations containing two and three antimicrobial agents on the total protein content of  P. turionellae pupae. 

Levels Wet weight Content of total body protein

of antimicrobial agents mg mg %

(mg/100 ml  diet) (mean ± S.D.)a (mean ± S.D.)a (mean ± S.D.)a

pen. : Strep.: Nys.: methyl p-HB
10 20 - - 5.5 ± 0.40a 3.80 ± 0.06a 56.6 ± 3.10a
- - 45 2.5 9.3 ± 0.60b 1.29 ± 0.03b 13.9 ± 0.60b
10 20 30 - 6.9 ± 0.80c 2.61 ± 0.50c 37.8 ± 2.60c,d
10 20 - 2.5 8.8 ± 0.90b 2.21 ± 0.20b 25.2 ± 0.30e
10 - 45 2.5 6.9 ± 0.50c 2.65 ± 0.20d 38.5 ± 2.00c
- 20 45 2.5 5.1 ± 1.50a 1.59 ± 0.50c 31.2 ± 0.90d,e

pen. : rif. : Nys.: cycl.
20 2.5 - - 5.1 ± 1.00a 2.47 ± 0.30a 49.2 ± 4.40a
- - 30 0.002 7.5 ± 0.90b 1.46 ± 0.03b 19.8 ± 1.50b
20 2.5 30 - 5.9 ± 1.80a,b 2.69 ± 0.40a 48.4 ± 8.70a
20 2.5 - 0.002 4.6 ± 0.30a 1.76 ± 0.20a,b 38.0 ± 2.20a,c
10 - 30 0.002 7.3 ± 1.40b 1.65 ± 0.30b 22.9 ± 0.90b
- 2.5 30 0.002 7.3 ± 0.60b 2.12 ± 0.20a,b 28.9 ± 1.50b,c

aThree replicates. Values followed by the same letter are not significantly different from each other, P > 0.01
pen.:penicillin, rif.:rifampicin, nys.:nystatin, cycl.:cycloheximide, strep.:streptomycin, methyl p-HB:methyl p-hydroxybenzoate



a significant decrease in the percentage of the total
protein of the insect (Table 2). These differences indicate
that the total protein content varies in relation to the wet
weight. This may be attributed to the effects of the
combinational agents on the water content of the pupae.
Boza et al. (36) reported that body wet weight changes
were not related to the amount of food consumed or its
nutritional value, but may result from variations in the
water content depending on the feeding habits of some
higher animals. They also observed a high level of protein
in the liver and muscle in short-term starved animals that
was linked with water loss. In this study, the protein
content of the pupae was generally found to increase with
a decrease in body wet weight or conversely it was
decreased with an increase in wet weight. Similarly, the
adults of Pimpla turionellae fed with a heavy metal
contaminated diet had a higher water content with
decreased protein content when compared to control
groups (37). These results suggest that variations in wet
weight may be dependent not only on the possible effects
of the combinational antimicrobial agents on total water
content, but also on the contribution of the amount of the
total protein synthesized.

Variations in total protein content may raise the
possibility that tested combinations of antimicrobial
agents exert direct effects on P. turionellae. The fact that
this parasitoid lacks endosymbiotic organisms (fi. Y.
Unpublished data) supports this suggestion, as
endosymbionts provide a potential target for the control
of most insects, especially homopterous ones, with
antibacterial agents (38). These may have been effective
on dietary nitrogenous nutrients, mostly amino acids,
needed for building the proteinaceous tissue of the insect.
The protein requirement of P. turionellae is provided in
the form of free amino acids in the diet (6). Asepsis was
maintained for this study by means of normal
bacteriological techniques. Therefore, this study is
concerned only with the dietary implications of
combinations of antimicrobial agents for practical
purposes rather than with their microbial activity. These
combinations tested may be used for the control of
bacterial and fungal co-contaminations that occur during
the artificial rearing of Pimpla larvae under laboratory
conditions. Further investigations are desirable to clarify
this point.

The generally tested combination of antimicrobial
agents increased the total protein content of P.

turionellae pupae. This may be important for the
nutrition of the insect when it converts dietary nutrients
with high efficiency to body materials. However, it may
not be important when considered in terms of the
artificial mass rearing of this parasitoid for augmentative
biological control programs. For example, a combination
of streptomycin and rifampicin (20:2.5 mg) significantly
increased the total protein in the pupal stage from 19.1
to 61.7%. However, the same combination significantly
decreased the survival in this stage from 40.7 to 25.0%
(8). This previous study also showed that the
nystatin:methyl p-hydroxybenzoate combination (45:2.5
mg) produced a yield of 73.1% pupae, and 57.7%
adults, and also decreased the developmental time of the
insect. However, this combination significantly decreased
the amount (1.23mg) and percentage of total protein
(12.9%) in this study. It seems that survivorship varies
inversely with changes in the total protein content of the
pupae. Consequently, decreased pupal survival may be
attributed to the increased accumulation of protein in the
tissues of the pupae. This may be a reasonable
suggestion, because a study demonstrated that high
doses of some proteins in diets displayed significant
toxicity and growth inhibition in Acyrthosiphon pisum
(Harris) (39). These antimicrobial agents may also have
an effect on protein retention in the pupal stage through
to adult emergence, as in the higher economically
important animals (18). This study clearly shows that an
optimum body composition would be important for
normal survival and development to adult emergence as
well as a balanced diet. In this respect, diets with ternary
combinations of antimicrobial agents seem to have
optimum effects on the total protein content of the insect
(Table 3). The addition of nystatin at a level of 30 mg to
a combination of penicillin and rifampicin (20:2.5 mg)
had no significant effect on the wet weight of pupae or
their total protein content. However, this formulation
also significantly increased pupal and adult survival from
16.7 to 54.2% and 45.8% respectively (8). Therefore,
to use data concerning only survival and development
sometimes may be insufficient to ascertain the nutritional
suitability of antimicrobial agents or their usefulness in
the artificial mass rearing of parasitoids. However, a
comparison of total protein content in different
developmental stages may be of great importance to
evaluate the effects of antimicrobial agents on this
parasitic wasp. Similarly, total protein content was
determined to be a valuable criterion for evaluating the

K. BÜYÜKGÜZEL

235



qualitative and quantitative nutritional requirements of P.
turionellae (10). An important area for future research
would be to determine the protein content of this
parasitoid reared on natural hosts for comparison with
that of individuals reared on artificial diets with these
combinations of antimicrobial agents, and to mimic the
protein content found in parasitoids that were reared
naturally. This would improve their initial attack an hosts
in nature and consequently contribute to successful

biological control. However, investigations are in
progress to determine the effects of antibiotics on protein
buildup in each developmental stage of P. turionellae
reared on natural hosts.
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