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The effect of C6- to C10- fatty acids on larval growth and
survival of the olive fruit fly Bactrocera oleae
(Diptera: Tephritidae)'

A. G. MANOUKAS

Institute of Biology, NCSR “Demokritos” Athens 153 10 Greece

ABSTRACT

The effects of caproic (C6), amino caproic (C6), caprylic (C8) and capric (C10) acid
on larval performance of the olive fruit fly, Bactrocera oleae (Gmelin) (Diptera:
Tephritidae) were investigated. The acids were added to an artificial larval diet at
four different concentration levels, during the mixing of its ingredients. Eggs
obtained from a colony of olive fruit flies were placed on these diets and on the
control. Caproic acid depressed significantly egg hatchability, larval survival and
larval weight at the dietary level of 0.05 and 0.1%. In addition, it did not permit eggs
to hatch at the level of 0.2%. On the contrary, aminocaproic acid did not depress any
of the parameters recorded up to the level of 0.2%. The levels of 0.4 to 1.6%
depressed larval survival larval growth and pupal weight and the level of 3.2% did
not permit larvae to survive. Caprylic acid depressed significantly hatchability,
larval survival and number of pupae/g diet at the level of 0.0125% and gave no
pupae at the level of 0.1%. Finally capric acid depressed egg hatchability, larval
survival and larval weight from the level of 0.05% and gave no pupae at the level of

0.2%. Adult emergence was not affected by any of the acids tested.

Introduction

Short and medium carbon chain length fatty acids
(C6 to C12) were found to be toxic to beetles,
house flies and mosquitoes (Levinson and Ascher
1954, Quaraishi and Thorsteinson 1965, House
and Graham 1967) and to inhibit larval survival of
fruit flies (Fogleman and Kircher 1986). Presu-
mably they are selective enough to harm insects
(House 1967) but would not present a grave ha-
zard to domestic animals and man because they
are not stored to any extent in animal fats (Hild-
itch 1956). They may be environmentally safe in-
secticide substitutes for more dangerous chemical
or biological control agents. Chemical data for
these fatty acids are reviewed by Markley (1960).

! Received for publication December 2. 1996,

The effects of fatty acids in insects depend on the
species of insect and on the specific fatty acid. A
review of these effects in various stages of insects
is given by Holyoke and Reese (1987). To my
knowledge, there exists no published studies of
effects of C6 to C10 fatty acids on the olive fruit
fly, Bactrocera oleae (Gmelin) (Diptera: Tephriti-
dae) which is the most serious pest of the olive
fruit in the Mediterranean basin. Such effects of
n-caproic acid (C¢H;;0,), -amino-n-caproic acid
(C4H3NO,), caprylic acid (CgH ,0,) and n-capric
acid (C,yH,,0,). upon larval growth and develop-
ment of the olive fruit fly are presented in this
work, which is essential considering further work
on the mode of action and on practical applica-
tions of these acids.

Materials and Methods
Eggs 48+4 h old were obtained from Laboratory
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Stock T of olive fruit flies originated from the is-
land of Aghia Trias, Attiki, Greece, 1982 and
maintained at approximately 25+20 C, 65£5% RH
and L16:D8 daily photoperiod according to a rear-
ing technique described by Tsitsipis (1977). The
larval diet (medium) used, its composition and
preparation is given elsewhere (Manoukas 1975,
1989). This diet was used as a control diet and
four additional diets were formulated by adding
each fatty acid at four different levels at a geomet-
ric sequence. The appropriate quantity of each fat-
ty acid was dissolved in ethyl alcohol except n-a-
mino caproic acid which was dissolved in water
and then added to the diet prior to the addition of
yeast, soy hydrolysate and cellulose. The appro-
priate amount of alcohol was added to the control
diet. All fatty acids were of analytical grade (Sig-
ma Co., USA). Plastic containers of 4 cm height
and 10 cm diameter with covers were used. Forty-
five g of diet were placed in each container (repli-
cate) and 4 replicates per each level of acid (treat-
ment) were used with 7 eggs/g diet. Eggs were

placed on a filter paper on the surface of the diet
and hatchability was checked 3 days later. Hatch-
ability was based on the number of eggs found on
the paper and the total eggs set. Number of larvae
and their weight were recorded on a 4 g sample
obtained randomly on the 10th day following
placement of eggs, while pupae were collected and
counted from 14th to 21st day. The records on the
10th day were obtained in order to differentiate the
effects on larvae from those on pupae. Pupal
weight was taken at least 3 days after the last col-
lection and adult emergence was recorded. Stati-
stical procedures employed were those of Steele
and Torrie (1960), as indicated in the tables.

Results and Discussion

Table 1 presents the effect of caproic acid and
amino caproic acid upon the performance of the
olive fruit fly larvae. Hatchability of eggs was
significantly depressed by the level 0.05 of cap-
roic acid and further depressed by the level 0.1

TABLE 1. Effect of n-caproic acid and amino-n-caproic acid upon eggs, larvae and pupae of the olive fruit fly

(4 replicates/treatment and 7 eggs/replicate).

Expt.  Acid% Egg No. of Larval No. of Pupal Adults,
no. in diet hatch % larvae/g weight, pupae/g weight, % on
diet mg diet mg pupae

n-caproic acid

1 0.0 69* 2.5% 1.7° 2.4 6.5 87
0.025 65" 2.9 2.0 2.7 6.6 80
0.05 20" 1.0 0.3 Lo° 6.6 95
0.1 o 0.3¢ 0.2 0.1° 6.3 100
0.2 0 — — - - —

2 0.0 66" 33 2.4° 3.1* 6.8° 92
0.0125 70t 34 2.5" 3.0 7.0¢ 84
0.025 69" 35 2.0° 3.0 6.9" 86
0.05 T 2.4° 1.5" 2.3b 7.0° 90
0.1 15¢ 1.3° 0.9°¢ 0.2° 3.8" 90
amino-n-caproic acid

1 0.0 72 3.3 1.3* 2.9° 6.7° 89
0.2 72 ) iy 1.2° K g 6.3 87
0.4 71 3.4 0.8 1.9° 6.2° 92
0.8 71 21" 07* 18 53 71
1.6 73 1:5% 0.5° 1.4° 5.2° 92

2 0.0 71 2.8" g 200 7.0° 80
0.8 73 .o 0.6" 0.6" 55" 78
1.6 67 0.5 B3 0.6" 5.7° 70
3.2 63 0 - — - -
6.4 61 0 — - — -

'Means in the same column in the same experiment followed by the same or no letter do not differ significantly, at the 0.05

level of probability by Duncan’s new multiple-range test.



MANOUKAS: C6- TO C10- FATTY ACIDS ON OLIVE FRUIT FLY 19

compared to the control (0.00 level), in experi-
ment 1. The same was true for larval survival
(larvae/g diet) at 10 day and to pupation (pupae/g
diet). Larval weight at 10 day was significantly
lower at the level of 0.05 and 0.1 than that of the
control but pupal weight did not differ. Pupation
at those two levels of caproic acid was greatly
delayed (20 days compared to 14 for the control)
but the larvae which succeeded to survive and
pupate attained normal pupal weight. Adult emer-
gence was also equivalent for all levels. The level
0.2 did not permit any eggs to hatch. Experiment
2 was designed to verify the results of the previ-
ous experiment. to include a lower level (0.0125)
of caproic acid, and exclude the 0.2 level. The low
level of 0.0125 was included to see if there is a be-
neficial effect of this fatty acid, since a substantial
but not significant improvement of number of lar-
vae, larval weight and number of pupae was ob-
served in experiment 1. The results confirmed the
results of the previous experiment 1 with the ex-
ception that the level of 0.1 depressed pupal

weight. The lowest level of 0.0125 failed to have
any beneficial effect upon larval performance.
The amino caproic acid the level of 0.2 (experi-
ment 1) did not affect any of the parameters recor-
ded. The level of 0.4 depressed both larval weight
and number of pupae while the level of 0.8 num-
ber of larvae, larval weight, number of pupae and
pupal weight. The highest level tested (1.6) dep-
ressed number of larvae, larval weight, number of
pupae and pupal weight compared to both the
control and 0.4 level. Contrary to caproic acid egg
hatchability was not affected by any of the levels
tested. Experiment 2 in general confirmed the
results of the previous experiment for the levels of
0.8 and 1.6. The two additional levels included
(3.2 and 6.4), did not permit any larvae to survive,
It should be mentioned that developmental time to
pupation at the level of 1.6 was approximately 5
days longer than in the control.

Table 2 presents the results of the effect of cap-
rylic acid and n-capric acid. In experiment 1 the
level of 0.025 of caprylic acid severely affected

TABLE 2. Effect of caprylic acid and n-capric acid upon eggs, larvae and pupae of the olive fruit fly (4 replicates/treatment

and 7 eggs/replicate) 1.

Exp. Acid% Egg No. of Larval No. of Pupal Adults,
no, in diet hatch % larvae/g weight, pupae/g weight, 9 on
diet mg diet mg pupae

caprylic acid

1 0.0 70" 2:5" 1.4° 2.4* a9 82
0.0250 21° W L 0.9 0.9° 4.8 92
0.05 9= 0.4° 0.3° 0.2° 5 91
0.1 3 — — — — —
0.2 0 — — — — —

2 0.0 75" 3.3° 1.2* 3.4 6.8 84
0.00625 61" 3.4° 1.3% 29" 6.3" 87
0.0125 24" 3.9 0.7" 0.6 6.2° 92
0.025 224 2.4° 0.7 0.8b 5.6° 93
0.05 0 13 — — — —
n-capric acid

1 0.0 il 3.0" 1.4* 2.5* 6.4" 92
0.2 57° 210 112 0.9° 5A5* 89
0.4 38° L2 0.7° 0.2° 3.5 86
0.8 o — — = = =
1.6 0 — — — — —

2 0.0 74* ki 0.8 2.2 6.5" 89
0.8 61" 3.0 0.9 23" [ 88
1.6 71° 2.8% 0.8 2.1° 6.3" 88
32 54° 2.4° 0.9 0.5 57 83
6.4 26° 1.4° 0.8 0.1° 420 72

'Means in the same column in the same experiment followed by the same or no letter do not differ significantly, at the 0.05

level of probability by Duncan's new multiple-range test.
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all parameters recorded, with the exception of
adult emergence and the level of 0.05 further dep-
ressed the same parameters. The level of 0.1 gave
negligible hatch. In experiment 2 the level of
0.00625 did not depress significantly larval per-
formance, whereas 0.0125 depressed significantly
all parameters with the exception of pupal weight
and adult emergence. The level of 0.025 depress-
ed also pupal weight, same as in experiment 1.
The level of 0.05 did not permit any eggs to hatch,
while in the previous experiment the same level
permitted only 9% of eggs to hatch. The levels of
n-capric acid used in experiment | depressed
progressively all parameters with the exception of
adult emergence. The level of 0.05 gave lower
larval survival than the control and the level of 0.1
further depressed larval survival compared to the
0.05 level and all the other parameters compared
to the control. The level of 0.2 gave only 9%
hatchability and the level 0.4 did not permit any
eggs to hatch. In experiment 2 the levels of 0.0125
and 0.025 did not affect any of the parameters
examined. The results of 0.05 and 0.1 level are
similar to those obtained in experiment | with the
exception of the level 0.1, which did not affect
larval weight. In general, larvae which succeeded
in pupating, even at high levels of fatty acids gave
pupal weights equivalent to the control but it took
them longer time (2-7 days) to pupate.

The results clearly showed that caproic, amino
caproic, caprylic and capric acid inhibited larval
growth of the olive fruit fly when incorporated
into an artificial diet. The levels used depressed
significantly hatchability of eggs, with the excep-
tion of amino caproic acid, larval survival and
weight as well as pupal weight. This is consistent
with the reported effects of the same fatty acids on
other insects. Thus, caproic, caprylic and capric
acid depressed significantly larval survival of
Pseudosarcophaga affinis (Fallen) at concentra-
tions of 0.004, 0.8 and 1.8% of the larval medium,
respectively (House 1967). Similarly, capric acid
depressed larval survival at the dietary level of 3.8
and 2.1% for Tribolium confusum (Herbst)
(House and Graham 1967) and Aedes aegypti (L.)
(House 1967), while capric, caproic and caprylic
acid acted as sterility agents when added to the
diet of Dermestes maculatus (Deg.) at the level of
1 to 5% (Cohen and Levinson 1972). Further-
more, different dietary levels of C8-C14 carbon
chain length exhibited a differential effect on
larval viability of Drosophila mojavensis with
caprylic acid (C8) having the greatest and
myristic acid (C14) having the least effect

(Fogleman and Kircher 1986). Evidently the
effect of these fatty acids on insects does not
follow a simple rule but vary with the specific
fatty acid and particular insect. The mode of
action of the fatty acids on eggs, larvae, pupae and
adults is not known for the olive fruit fly and
therefore further work is needed. It seems
however, that these fatty acids are detrimental to
growth and development of the olive fruit fly in
much lower dietary concentration than in other
insects. Thus, caproic acid at the level of 0.02 did
not permit any larvae of B. oleae to survive while
this level for P. affinis was 2.1% (House 1967).
Dietary levels of about 0.35 to 1.4% of caproic,
caprylic and capric acid were injurious to larvae
of Musca domestica L. (Brooks and Fraenkel
1958), compared to the levels of 0.0125 to (.05 of
the present study for B. oleae. Larval survival was
also affected by the levels of the fatty acids used
and the larvae survived took more days to pupate
than the control. In general pupal weight at day 14
was less sensitive to fatty acid than larval survival
and weight. The larvae, which survived to pupa-
tion, gave normal adult emergence in all treat-
ments, which may indicate that the fatty acids
showed no detrimental effects to pupae. Finally, it
is of interest to note that the detrimental effect of
amino caproic acid occurred at much higher con-
centrations than that of caproic acid.

Acknowledgements

I thank B. Papadopoulos and A. Mazomenou for
technical assistance and E. Zografou for typing
the manuscript.

References

Brookes, V.J. and G. Fraenkel. 1958. The nutrition of larva
of the house fly, Musca domestica, L. Physiol. Zool,
31: 208-223.

Cohen, E. and Z.H. Levinson. 1972. The effect of fatty
acids on reproduction of the hide beetle Dermestes
maculatus (Dermestidae, Coleoptera). Life Sci. 11:
293-299,

Fogleman, J.C. and H.W. Kircher. 1986. Differential effect
of fatty-acid chain length on the viability of two
species of cactophilic Drosophila. Comp. Bioch.
Physiol. A. 83: 761-764.

Hilditch, T.P. 1956. The chemical constitution of natural
fats. 3rd Ed. Wiley New York.

Holyoke, C.W. and C.J. Reese, 1987. Acute toxicants from
plants: Pp. 67-118. In: Handbook of natural pesticides.
Ed. by D.E. Morgan, M.N. Mandava, Boca Raton
Florida C.R.C. Press.

House, H.L. 1967. The nutritional status and larvicidal
activities of C6- to Cl4- saturated fatty acids in Pseu-
dosarcophaga affinis (Diptera, Sarcophagidae). Can.
Entomol. 99: 384-392.




MANOUKAS: C6- TO C10- FATTY ACIDS ON OLIVE FRUIT FLY 21

House, H.L. and A.R. Graham. 1967. Capric acid blended cals on immature stages of Aedes aegyptii. J. Econ.
into foodstuff for control of an insect pest, Tribolium Entomol.55: 185-187.
confusum (Coleoptera: Tenebrionidae). Can. Entomol.  Steele, R.G. and I.H. Torrie. 1960. Principles and proce-
99: 994-999, dures of statistics. McGraw Hill London.

Levinson, Z.H. and K. Ascher. 1954. Chemicals affecting  Tsitsipis, J.A. 1977. An improved method for mass rearing
the preimaginal stages of the housefly IV. The fatty of the olive fruit fly, Dacus oleae Gmel. (Dipt..
acids. Riv, Parassit. 15: 111-119, Tephritidae). Z. ang. Ent. 83: 419-426.

Manoukas, A.G. 1975. Low-cost larval diets for mass pro-
duction of the olive fruit fly. J. Econ. Ent. 68: 22-24.

Manoukas, A.G. 1989, Amino acid mixtures for replacing
soy hydrolysate in larval diets of Dacus oleae (Gmel.)
(Dipt.. Tephritidae). J. Appl. Ent. 108: 102-106.

Markley, K.S. 1960. Fatty acids. 2nd Ed. Wiley Intersience,

New York . .
Quaraishi, M.S. and A.J. Thorsteinson. 1965. Effects of KEY WORDS: Olive fruit fly, C6- to C10-

synthetic “Queen substance™ and some related chemi-  fatty acids, toxic effects, Bactrocera oleae.

H enidpaon tov C6- péyor C10- Mmooy 0E€wv otV avdrTtvEn xou
empinon tov mgovupngav tov Adaxov g Eldg, Bactrocera oleae
(Diptera: Tephritidae)

A.T. MANOYKAZ
Ivetitovto Bioloyias, EKE@E «Anuoxoirogs, Abjva 15310

IHEPIAHWH

AtgpevviiBnxay ou dvopeveis emdpdoels Tou rampoixrot (C6), apvo rampoizot (C6), nampuhixo
(C8) xa namwowrov (C10) oE€og, oy avdartvEn Twv TEOVUREMY Tov Adrov g eldg Bactrocera
oleae (Gmelin) (Diptera, Tephritidae). Ta 0E€a mpootéBnuay oto BPETTIKG VITOOTRWI TWV TRO-
VUPQOV 08 TECOERU DLUPOPETIHA ENITEOC OUYREVIQWOEMV RATA T1) OLGOREL TS AVAUELENC TOV
OUOTATIXMY TOV VooTteupatos. Ta avyd mdpbnray arnd ™y amowic Tov ddrov me eMds ®atl To-
noBenjhyray ota TEWPATIXG VTOOTEMUATA Kt 0T0 pdptvod. To rampoind oEl peimoe onua-
VIRG %ot TTROOSEVTIHG TNV EXHOAATTIROTNTY, ETLBIOON ®AL BAOOS TWV TEOVUIMPEHY OTH TOOPIKA
entimeda Tov 0,05 now 0,1%. Emmhéov 1o enimedo 0,2% Oev emétpee ™V exndhonpn navevoe
affyor. AvtiBeta 10 apvo ®amEoixd okl de pelmoe rapio o TIg TAQUUETOOUS OV PeTEBnray
uéxor 1o enimedo tov 0,2%. Ta enineda 0,4 péyol 1,6% peiwoay my emPinon Tmv TROVULEHY TO
faoog Tmv mpovuppav kot To fhpog TV Vuppay kat To eninedo 3,2% dev enétpeye T Vippwon
noplag mpovipgne. To nampund 08U pelimoe onuovtnd TV exrolartiném i, emfimon Teo-
VOUQOV %ot Tov aoBud twv vougoy avd gr tpogic oto eninedo 0,0125% ovyrpwvdpevo mpog 1o
paorupa xon dev emérpeye T VOpugmon rauioag tpovipgns oto eninedo 0,1%. Téhog, To namond
08l pelmoe TEOOJEVTIHG TNV EXHOMUTTILOTTC TV afydV, TV emPlmon ToV TEOVUIPUY Kl TO
Papog Twv mpovuppuwv ané to eminedo 0,05% row dev en€Tpee TV VURG®ON ROplOS TOOVIRGNS
oto enimedo 0,2%. H €Eodog twv tehelwy dev ennpedodnue and ta 0E€a mov doripdobnray.
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