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Improved Solid Adult Diet
for the Olive Fruit Fly, Dacus oleae’

J.A. TSITSIPIS and A. KONTOS?

Dept. of Biology, ‘‘Demokritos”’ Nuclear Research Center
Aghia Paraskevi Attiki, Greece

ABSTRACT

Egg production of the olive fruit fly, Dacus oleae (Gmelin) (Diptera: Tephritidae), was
higher when insects fed on a liquid diet than on the same diet made solid by enriching it
with various amounts of cellite or cellulose. Comparison of a liquid with a solid diet,
both composed of water: sucrose: yeast hydrolyzate: chicken egg yolk at ratios 5:4:1:0.7
and 0:4:1:0.7 respectively, given to olive fruit flies kept in pairs, showed that egg
production was higher on the liquid diet. With grouped insects, however (30 pairs per
cage), egg production, expressed per initial female, was higher with the solid diet. The
difference was due to the lower mortality that occurred on the solid diet. Dry egg yolk
could substitute fresh egg yolk. Among solid diets differing in the concentration of egg
yolk, yeast hydrolyzate, and the presence of vitamins and cholesterol, the diet that gave
the highest egg production contained 80 parts sucrose, 30 parts yeast hydrolyzate, and

6.6 parts dry egg yolk.

Introduction

Artificial adult diets for the olive fruit fly,
Dacus oleae (Gmelin) (Diptera: Tephritidae),
containing sucrose and enzymatic yeast hyd-
rolyzate provide good survival and egg produc-
tion (reviews by Tzanakakis et al. 1967,
Tzanakakis 1971). Supplementation of the
commonly used diet with egg yolk further im-
proved it (Economopoulos and Tzanakakis
1967).

For the rearing of the olive fruit fly mainly
liquid diets have been used. Use of solid diets
had been reported as not satisfactory for rearing
by Moore (1959), Hagen et al. (1963) but
satisfactory by Cavalloro and Girolami (1968).
In the rearing practice, however, liquid diets
have certain disadvantages as stated by
Tzanakakis et al. (1967). These authors work-
ing with solid and liquid diets found that olive
fruit flies deriving from a dry area could utilize
solid diets equally well with liquid diets, but

! Received for publication July 12, 1982.
2 Present address: Ministry of Agriculture, Regional Ag-
ricultural Service, Patra, Greece.

biotypes from humid areas made better use of
liquid than solid diets.

The present study aimed at comparing the
performance of adult olive fruit flies on liquid
to that on solid diet over a number of genera-
tions and at further improving the solid diet
which was used in our lab. It was found that
grouped insects gave a higher egg yield on
solid than on liquid diet, and an improved solid
diet was developed by increasing its enzymatic
yeast hydrolyzate content.

Materials and Methods

The insects used in the experiments on the compari-
son of liquid with solid diets originated from the area
of Attica and had been reared on artificial diets in the
lab for about 70 generations. The insects used for the
diet improvement experiments came from Crete and
had been kept in the lab for 30 generations. In the
liquid-solid diet experiments, insects were kept in
pairs in small (15 X 15 X 15 e¢m) or in groups of 30
pairs in large (30 x 30 X 30 cm) cages similar to
those used by Hagen et al. (1963). In the diet im-
provement experiments, large cages, previously
mentioned, with groups of 25 pairs of flies were
used. All insects were reared on artificial diet ac-
cording to the method described by Tsitsipis (1975)
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at 25 = 2° C and 60 + 5 % RH. Egg production was
recorded daily in all experiments. Liquid and solid
diets were composed of 40g sucrose, 10g enzymatic
yeast hydrolyzate (ICN, Pharmaceuticals, Inc., Life
Sciences Group, 26201 Miles Rd., Cleveland, Ohio
44128, USA), 7 g fresh egg yolk and 50 ml water for
the former diet (Economopoulos and Tzanakakis
1967). All diets contained 0.05 % streptomycine
sulphate (on the basis of solid residue). The solid
diet was obtained by evaporating the liquid diet un-
der vacuum at 40° C and pulverizing it in a blender.
The solid diets used in the diet improvement ex-
periments were prepared by direct mixing of the
solid constituents. Instead of fresh egg yolk and reg-
ular sugar, dry egg yolk (spray yolk, Sanovo Food
and Engineering Ltd., 5100 Odence, Havnegade
33-35, Denmark) and fine sugar powder were used
respectively. The liquid-solid diet comparison ex-
periments lasted 8 weeks, and the diet improvement
ones 5 weeks.

The evaluation of data in the liquid-solid diet

comparisons was done with the Student’'s t test,
those for the diet improvement analysis of variance

diet and the ones with 20 %, 30 %, 50 % cel-
lulose, 20 %, 30 % cellite, respectively. The
results show that the presence of inerts more
than halved egg production. The higher the
amount of the inert, the lower the egg produc-
tion,

The results of the comparison of solid with
liquid adult diet over a number of generations
are shown in Table 1. In insects kept in pairs,
the survival of females feeding on either solid
or liquid diet did not differ significantly in all
generations tested. The egg production of
females feeding on liquid diet was consistently
higher than the egg production of females
feeding on solid diet. In the 1st and 2nd gen-
erations, differences were statistically signific-
ant. Of all females set up, only a very small
number did not lay any eggs. There seem to
exist no differences between insects feeding on
either diet in respect to the number of non
ovipositing females. All non ovipositing

TABLE 1. Egg production and survival (days) of Dacus oleae females, feeding on liquid (LD) or solid diet (SD), in the 1st,
2nd, 4th and 10th generation. Insects kept in single pairs (S) or in groups (G) of 30 pais per cage. Egg production of 8

weeks of life, n = no. replicates.

n Mean survival (d) Eggs finitial € Non-ovipositing vs.
initial 2 ¢
Gene-
ration LD SD LD SD LD SD LD Sb
18 20 20 19.1 19.0 731.0* 451.1 2:25 3:25
1G 1 1 16.8 20.3 334.0 372.9 — —
25 26 25 21.6 234 §57.5% 407.2 0:26 0:26
26 4 4 17.2 26.9* 431.2 584.7* == —
48 28 26 23.1 23.4 532.9 345.4 2:30 1:30
4G 4 4 19.8 24.6% 498.9 544.0% = e
10§ 33 32 26.1 22.9 559.0 402.5 2:40 4:40

* In each data category, differences within same line statistically significant (P < 0.05, Student’s t test),

was done and for the comparison of the means, the
Duncan’s multiple range test was used.

Results

Considering the advantages of using solid adult
diets (Tzanakakis et al. 1967), in a preliminary
experiment, liquid diet was compared with a
series of dry diets prepared by supplementing
the liquid diet with cellulose powder, or cellite.
Each diet was tested on groups of 20 pairs of
insects over a period of 6 weeks. The daily egg
production per initial female (per living, in
parenthesis) was 18 (22.4), 8 (12.6), 6.3 (8.7).
6.1 (9.4), 9.7 (-) and 6.4 (10.1) for the liquid

females died within the first 2 weeks. Only 1
female, in the 1st generation, feeding on liquid
diet did not lay eggs during the 12 weeks she
lived. Individual females were very fecund in
both diets. Certain females laid more than 1500
eggs in 12 weeks (maximum values obtained:
1910 and 1922 for liquid and solid diet respec-
tively). Fig. 1 shows the frequency distribution
of females which laid various numbers of eggs
during the first 8 weeks of their life. It is
clearly shown that most of the females fed on
solid diet laid relatively fewer eggs (less than
500) than the females which fed on liquid diet
(most of them laid 250-750 eggs). In grouped
insects, survival as well as egg production of
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FIG. 1. Frequency distribution of Dacus oleae females that
laid various numbers of eggs within the first 8 weeks of
their life. The insects were kept in pairs and fed on liquid
or solid diet for 10 consecutive generations. Checks were
made in the 1st, 2nd, 4th, and 10th generation. Numbers in
parentheses indicate number of females, the egg produc-
tion of which was recorded in the Ist, 2nd, 4th, and 10th
generation respectively.

females feeding on solid diet were significantly
higher than in the liquid diet in the 2nd and 4th
generations. The same tendency was shown in
the 1st generation although it cannot be statisti-
cally evaluated due to the existence of only one
replication of the test.

Egg hatchability did not seem to be affected
by the kind of adult diet as indicated by
sporadic checks.

After it was shown that flies kept in groups
could utilize well solid diet, it was of interest to
further improve it by: a) attempting to substi-
tute fresh egg yolk, that necessitated drying of
a liquid diet to dry form, with dry egg yolk
(spray yolk), b) optimizing the egg yolk and
yeast hydrolyzate concentrations, ¢) comparing
it with the diet of George and Ruhm (1977),
and d) testing the effect of VanderZant, or
Hoffmann La Roche vitamin mixtures com-
plemented with cholesterol. The results are
shown in Table 2. In the Ist experiment no
statistically significant differences were found
in female survival, egg production and hatcha-
bility between diets containing fresh egg yolk
and dry egg yolk at levels ranging from 6 to 12
parts. No differences were also found between
these diets and a diet without egg yolk
supplemented with vitamins and cholesterol
(George and Ruhm 1977). In the 2nd experi-
ment even a higher dry egg yolk level (24
parts) did not improve the diet in regard to any
of the parameters tested. In the 3rd experi-
ment, a diet containing 30 parts of yeast hyd-
rolyzate gave a higher egg production than the

diets containing lower or higher levels of the
constituent (the ratio of egg yolk to the total
amount of diet was maintained constant in all
diets). In the 4th experiment, diets containing
vitamins and cholesterol at various levels did
not differ significantly from a diet deficient in
these constituents.

Discussion

The adult diet used routinely till now was im-
proved by increasing the level of enzymatic
yeast hydrolyzate, but not by increasing egg
yolk or enriching the diet with vitamins and
cholesterol. Of all the diets tested, the best one
that gave the highest egg production was the
one that contained sucrose, yeast hydrolyzate
and dry egg yolk in the ratio 80:30:6.6.

The lower egg production values attained by
the incorporation to the liquid diet of the nutri-
tionally inerts cellite and cellulose can be attri-
buted to reduced, or selective ingestion due to
the presence of these particulate water insol-
uble materials. Egg production of single pairs
of 4th and 10th generation insects fed on liquid
diets was superior to that of insects fed on solid
diets. Although differences were large, they
were not statistically significant, in contrast to
Ist and 2nd generation egg production where
differences were significant (Table 1). This
possibly indicates a certain degree of selection
of insects utilizing better than in previous gen-
erations solid diet. In grouped insects egg pro-
duction, expressed per initial female, was
higher in solid than in liquid diet. This is a
consequence of the higher female mortality in
the liquid diet, since egg production, expressed
per living female, was higher in insects feeding
on liquid diet (respective liquid vs. solid diet 8
week egg production ratios: 2nd generation
722.1/634.4, 4th generation 758.3/663.9, the
values in the latter case differ statistically).
Some flies were accidentally trapped and
drowned in the liquid diet. Additionally, this
form of diet is more apt to be contaminated by
microorganisms.

Substitution of fresh egg yolk with dry
facilitated diet preparation. Previously, solid
diet was prepared from liquid diet by
evaporating the water under vacuum (Tsitsipis
1975), while now it is prepared by direct mix-
ing of the ingredients, all being solid. Fine
powdered sugar, used in the diet, makes it
homogeneous. Use of granular sugar could lead
to unbalanced nutrition due to increased feed-
ing on sugar crystals, as sucrose is more fre-
quently fed upon than yeast hydrolyzate
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TABLE 2. Survival, egg production and hatchability of Dacus oleae females, fed different solid diets. Five-week egg
production with 4 replicates of 25 pairs of flies per cage in each treatment (3 replicates in the Ist experiment). Each diet

contained 50 mg streptomycin sulfate.

Diet component®

Female Eggs/living ¥ Egg hatch

SuU YH DEY v C survival (days) day %

Ist experiment
80 20 14® — — 15.9£8.1 17.9+2.1 90.5+3.0
80 20 6 —_ — 17.7+4.9 13.1+4.2 86.1+5.4
80 20 9 — —_ 15.7+7.2 15.9+4.9 87.4+3.1
80 20 12 - — 16.3+5.3 17.5£3.4 86.5+4.3
77¢ 23¢ —_— 9.25¢¢ 0.05¢ 20.3+3.1 13.84+2.5 91.81£2.0

2nd experiment
80 20 6 — — 22.5+2.2 18.3+5.3 85.7+10.0
80 20 12 — — 23.6x1.5 20.0+5.0 82.2+13.4
80 20 24 — - 21.9+2.7 19.0+3.5 81.8+14.6

3rd experiment
80 10 5.4 — — 21.2+3.2 11.8£2.7 70.2+10.9
80 20 6 — —_ 22.3+2.4 15.21t2.4 77.4x5.6
80 30 6.6 - — 20.2+4.0 18.7£2.1% 73.1+£4.9
80 40 el — — 21.1%£3.1 155132 75.4x11.6
80 50 7.8 — — 21.0+4.2 12.5+3.2 68.7+8.0
80 60 8.4 — — 21.9+3.4 14.0+3.2 74.0+6.1

dth experiment
80 30 6.6 0.25¢ 0.05 22.7+2.2 21:6£7 88.2+4.9
80 30 6.6 0.5¢ 0.1 22.8+1.7 20.7+6.2 87.84+4.4
80 30 6.6 0.125d 0.05 22.8+1.9 20.0+5.7 85.1+6.6
80 30 6.6 0.25d 0.1 22.1+1.8 20.1+£8.0 83.2+6.2
80 30 6.6 0.5d 0.2 22.6+2.6 19.6+6.0 87.8+3.2
80 30 6.6 — - 22.3+23 18.0+6.1 87.7+£5.0

a S8U = sugar, YH = yeast hydrolyzate, DEY = Dry egg yolk, V = Vitamin mix, C = cholesterol.

b The only diet with fresh egg yolk.
¢ VanderZant vitamin mix.

d Hoffmann La Roche vitamin mix.
e George and Ruhm (1977).

* Walue significantly different (P < 0.05, Duncan’s multiple range test).

(Tzanakakis 1969)3. Enrichment of diet with
vitamins and cholesterol did not improve it.
This indicates that required nutrients are pro-
vided by the constituents of the solid reference
diet. Although George and Ruhm (1977) found
that their best diet, containing sucrose, yeast
hydrolyzate, VanderZant vitamin mix and
cholesterol in the ratio 77:23:0.25:0.05, was
better than our diet containing sucrose, yeast
hydrolyzate and fresh egg yolk in the ratio
80:20:14, our results in the present study did
not show any differences in the egg production
between the two diets (Table 2, Ist experi-
ment). On the contrary, egg production value

3 Tzanakakis, M.E. 1969. Experiments with the olive fruit
fly at the “Demokritos’ Nucl. Res. Center, Greece,
1967-1968 (a summary of progress). Eighth ad hoc Con-
ference on the Control of Olive Pests and Diseases,
Athens, 8-12 May 1969. Mimio 12pp.

was lower, in the George's diet (cf. 17.9 with
13.8; Table 2, 1st exp.) though not statistically
different. Differences could be due to the dif-
ferent insect biotypes used in the two studies.

The solid diet used in our lab (sucrose to
yeast hydrolyzate to dry egg yolk ratio,
80:20:6) has been successfully used to mass
rear millions of insects over the last few years.

The mean egg production recorded in the
present study is considerably higher than the
values reported in the literature with artificial
holigidic (Moore 1960, Economopoulos and
Tzanakakis 1967, Tzanakakis et al. 1967,
Cavalloro and Girolami 1968, George and
Ruhm 1977), holidic (Tsiropoulos 1977a), or
natural (Tsiropoulos 1977b) diets, whether
solid or liquid. Cavalloro and Girolami (1968)
in the two solid diets they tested (containing
hydrolyzed brewer’s yeast, unhydrolyzed bre-
wer’s yeast, sucrose in the ratios 10:0:40 and
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10:20:40, respectively) obtained much lower
egg production values than in the present study
(cf. 3.1 with 11 eggs/initial female/day).
Tsiropoulos (1977a) recorded slightly higher
egg production values with the solid diet de-
veloped by Tsitsipis (1975) than with the liquid
diet No. 2 of Economopoulos and Tzanakakis
(1967), though differences were not signific-
ant. In the present study no substantial differ-
ence in the % of egg laying females in laborat-
ory populations kept on solid or liquid diet was
observed. Tzanakakis et al. (1967), however,
found that larger number of females laid eggs
when fed on liquid than on solid diet. Aside
from differences in the diet, differences could
be due to the different biotypes of insects used,
and also to the fact that insects used by the
latter authors came from field infested olives.
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Beltiopévn Ztepen] Tpoon Y ta Tékewa
tov Adaxov tng EAlvdg, Dacus oleae

LA. TEITZIITHE ka1t A. KONTOZ

Kévtpo Mupnvidv Epeoveov « Anpéxpitocy
Alven Bioloylag, Ayia Hapaokevi ATTikng

NMEPIAHYH

Onivka Tov dékov G eldg, Dacus oleae (Gmelin), yévvnoov mePLOCOTEPL QUYE OTAV
TPAPNKAY HE LYPT TPOYT Tapd OTav TpaeNKav pe TNy it Tpo@n. mov eiyxe yiver Opwg
oTEpEN HETG And TOV EUTAOLTIONO TNG He ddgopes moocodTNTEg KEAAITN Ko KuTTApivig,
ThykpLom LYPTIC PE OTEPEN TPOON, oL dOBNKE O Evropa dtatnpovueva Katd Levyn, 0Tav ot
800 Tpogic amotelovviav amd vepd, Layxapn, evivpatikd vEPOAVUEVT Hayld Kol PpECKO
KpoKo auyod kotog oe avaroyia 5:4:1:0.7 kar 0:4:1:0.7, avtictoiya, £6e1Ee OTL N WOTAPO-
yoyN fTav peyoldTepn 6TV LYPR TPOPT. Ze EVTOopA OpmG, Tov drutnpodvray g opadeg, 30
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Cebyn katd khovfi, N wonapaywyn eKQPUSHEVT KATE apylkd OnAiukd, NTav peyaddTepn pe
atepen] Tpo@n. H Stagopd operhotay otn pukpotepn Ovnoipdtnta, mtov nopatnpiinke ot
oTEPEN TPOPN. ATOENPUUEVOC KPOKOS GUYOD UTOPECE VO UVIIKUTACTNOEL TOV QPPECKO
Kpoko. ‘Otav £yive clyKpLoT GTEPEDV TPOQAOV, TOL SEQEPAV GTNV TOCOTNTA TOL KPOKOU
avyol, TN LOPOAVHEVTIC HAYLGS, KOL TNE TUPOLCILES KUl TOCOTNTAS PLTAUIVAV Kal Y OAT-
GTEPOANG, OLTH TOL £8MOE CTATIGTIKA G UAVTIKT HEYUADTEPT] MOTAPAY®YT], NTAV AUTT TOL
nepreixe 80 pépn Caxapn, 30 pépn vdpoivpévn poyld kot 6.6 pHEPN amOENPAREVO KPOKO
avyov.
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