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Abstract: Lucilia sericata, which belongs to the Calliphoridae family (Diptera), is used as a debridement tool in open necrotic
wounds that do not respond to conventional treatments. Knowing the total, phospholipid (PL), and triacylglycerol (TAG) fatty
acid content of L. sericata fly, which is important for health, in its different stages is important both in terms of taxonomy and
physiology. After L. sericata samples used in the study were obtained commercially, they were bred under laboratory
conditions and then the fatty acids in different stages were analyzed by gas chromatography. Sixteen fatty acids are determined
as a result of the analysis. When individual fatty acids are considered, Palmitic acid (16:0), Palmitoleic Acid (16:1n-7), oleic
acid (18:1n-9) and Linoleic Acid (18:2n-6) were found to be major ones, while the others are detected in trace amounts. It is
determined that, out of total, PL and TAG, saturated fatty acids (SFA) are found at a high percentage in the eggs,
monounsaturated fatty acids (MUFA) are the highest in the larvae, and polyunsaturated fatty acids (PUFA) are the highest in
fly and pupa. Furthermore, out of total, PL and TAG, ) PUFA is at a low percentage in the egg and the larval stages. Different
results are found at different stages in this study. This may be because fatty acid percentages that change during
metamorphosis meet different physiological needs at different phases.
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Lucilia sericata’nin Total, Fosfolipid ve Triagilgliserol Yag Asitlerinin Farkli1 Yasam Evrelerinin
Karsilastirilmasi

Oz: Calliphoridae ailesindeki (Diptera) olan Lucilia sericata, geleneksel tedavilere yanit veremeyen agik nekrotik yaralarda
debridman araci olarak kullamilmaktadir. Saglik agisindan énemli olan L. sericata sinegine ait farkli evrelerindeki total,
fosfolipit (PL) ve triacilgliserol (TAG) yag asit iceriginin bilinmesi hem taksonomik hem de fizyolojisi agilardan 6nem
tasimaktadir. Calismada kullanilan L. sericata 6rnekleri ticari olarak temin edildikten ve laboratuvar kosullarinda tiremesi
saglandiktan sonra farkli evrelerindeki yag asitleri gaz kromatografisi ile analizleri yapilmustir. Yapilan analiz sonucunda 16
yag asidi belirlenmistir. Bireysel yag asitleri incelendiginde Palmitik asit (16:0), Palmitoleik Asit (16:1n-7), oleik asit (18:1n-9)
ve Linoleik Asit (18:2n-6) major yag asitleri olarak belirlenmistir. Digerleri eser miktarda tespit edilmistir. Total, PL ve TAG'de
doymus yag asitleri (SFA) yumurtada; Tekli Doymamus Yag Asitleri (MUFA) larvada, Coklu doymamus yag asitleri (PUFA)
sinek ve pupada yiiksek yiizdede oldugu belirlenmistir. Ayrica total, PL ve TAG'de yumurta ve larva evresinde ) PUFA'nin
distik yiizdede oldugu goriilmiistiir. Calismamizda farkli evrelerde farkli sonuglar tespit edilmistir. Bunun nedeni
metamorfoz siiresince degisen yag asidi ytizdelerinin farkl evrelerindeki farkl: fizyolojik ihtiyaclarimin karsilanmas: seklinde
aciklanabilir.

Anahtar kelimeler: Maggot, sinek, Calliphoridae, gaz kromotografisi.
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1. Introduction

Lipids play a key role in insect biochemistry as energy
sources, hormones, and structural compounds. It has also
been found that lipids are the main energy source in insect
embryogenesis (Gilbert, 1967). Dietary lipids as an energy
source are more important than dietary proteins.
Furthermore, fatty acids such as linoleic acid (18:2n-6) and
linolenic acid (18:3n-3) play an important role in the
transition from pupal to adolescent. In addition, fatty acids
play an important role as precursors in the biosynthesis of
waxes, pheromones, and eicosanoids. They are also known
to be involved in preventive secretions (Wakayama et al.,
1980; Stanley-Samuelson et al., 1988; Bashan, 1996).
Eicosanoids are an important intermediate in many fields
of invertebrate biology, such as reproduction (Stanley &
Miller, 1998), ion transport (Nor Aliza et al., 2001),
hormone signal transfer system (Keeley et al., 1996; Ali &
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Steele, 1997) and immune system (Nor Aliza et al., 2001).
Eicosanoids also occupy a place between the animal
population and the host-parasite relationship in which the
prey-predator relationship is involved (Nor Aliza et al,,
2001). It has been reported that fatty acids stored in the
form of triacylglycerol (TAG) serve as the main energy
source in insects when they are not receiving food and
during long flights (Downer & Matthews, 1976;
Beenakkers et al., 1985).

It has been claimed that the fatty acid composition of
many insect species changes depending on the
developmental stages of the insects (Stanley-Samuelson et
al., 1988). Madariaga et al. (1974) found that the fatty acid
distribution of Dacus oleae species, Pagani et al. (1980) gave
that of Ceratitis capitata species, and Janda (1975)
determined that of Galeria mellonella differs depending on
the developmental stages. In their study, Hodges and
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Barras (1974) found that the fatty acid distribution in the
Phospholipid (PL) fraction of the egg, the larva, the pupa,
and the adult individuals of Dentroctonus frontalis was

different.

In this study, Necrophage larvae of the Calliphoridae
family, the most commonly Lucilia sericata, is a
debridement tool used in wound treatment for biotherapy
purposes in open necrotic wounds that do not respond to
traditional treatments (Horobin et al., 2003; Britland et al.,
2011). The average size of the adult L. sericata flies, which
are bluish-green or metallic green, is 2-15 mm, their eggs
are small, pale yellowish-white and have cylindrical oval
structure, and the larvae are headless and footless and
consist of 12 segments. Peritreme are narrow and closed in
posterior stigmas. Their front ends are thin, while their
backsides are larger in diameter, cylindrical and there is a
pair of mouth hooks or lip scleritis in the head part
(Bolaban, 2009). In the present paper, it was aimed to
compare the total, PL and TAG fatty acid content in
different stages of L. sericata fly that is important for health.

2. Material and Methods

Commercially supplied L. sericata flies were produced in a
laboratory environment at 25 °C for 16 hours a day and 8
hours at night in 60*120 cm cages in the air conditioning
room. Eggs were obtained by placing livers of chicken,
turkey and beef in the environment where these flies lived.
The eggs were collected and placed in 50 ml test tubes and
35 ml of 0.05% sodium hypochlorite was added to separate
the eggs. At the end of this process, sodium hypochlorite
was decanted, 35 ml of 5% formaldehyde was placed on
the eggs to sterilize them. The sterilized eggs were filtered
in a Buchner funnel, washed with sterile isotonic 3-4 times
to remove the effect of formaldehyde and the sterile eggs
were transferred to a sterile liver agar medium in a 90 mm
petri dish. After the media containing the eggs were
incubated overnight at 25-30 °C in an incubator, the larvae
were obtained from the eggs. Eggs obtained from adult
flies, hatching larvae and pupa samples occurring from
larvae were collected and stored at -20 °C until the samples
were analyzed.

2.1. Fatty acid analysis of total, phospholipids, and
triacylglycerols

Insects were homogenized in a chloroform-methanol (2:1
v/v) mixture in a high-speed homogenizer (Folch et al,,
1957). For fractionation of TAG and PL in samples, thin
layer chromatography (TLC) plates (Silica gel 60G
(Merck)) were placed into the driving tank containing the
mixture of petroleum ether-diethyl ether-acetic acid
(80:20:1) to separate PL and TAG from each other.

2.2. Gas Chromatography Conditions

Fatty acid analysis of fat samples converted to methyl
esters was carried out by a SHIMADZU GC 2010 PLUS
model Gas Chromatography device using a flame
ionization detector (FID) and DB-23 (Bonded 50 %
cyanopropyl) (J] & W Scientific, Folsom, CA, USA)
capillary column (30m x 0.25mm inner diameter x 0.25pm
film thickness). Detector temperature: 250 °C; injector
temperature: 250 °C; injection: Split-model 1/20. Gas flow
rates: Carrier gas: Helium 0.5 ml/min for 30 m column;
hydrogen: 30 ml/min; dry air: 400 ml/min. Column (oven)
temperature: waiting time, 2 min at 170 °C; 2 °C/min until
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210 °C, waiting time 20 min; total analysis time: 42 minutes.
A mixture of methyl esters of fatty acids (Sigma-Aldrich
Chemicals) was used as a standard for the identification of
fatty acids. Chromatograms for methyl esters of fatty acid
and amounts of total fatty acid were obtained on a
computer with the computer program GC Solution
(Version 2.4). Peaks in the chromatograms of the analyzed
samples were identified by comparing the retention times
of the methy]l esters of all fatty acids in the standard. The
results are given as a qualitative value in % fatty acid.
Comparison of fatty acid percentages was performed with
SPSS 16 computer program by one-way analysis of
variance (ANOVA). Differences were determined by the
TUKEY HSD test. As a result of the statistics, the
differences were considered to be significant when the
data were at the P <0.05 level.

3. Results

A total of 16 fatty acids were determined as a result of the
analysis. The main fatty acids were determined as Palmitic
Acid, Palmitoleic Acid, Stearic acid, Oleic Acid and
Arachidonic Acid. Other fatty acids such as myristic and
pentadecanoic were present only in trace proportions
(Table 1).

The total, PL and TAG fatty acid contents (in %) of L.
sericata adult, pupa, larvae and eggs are given in Table.
When individual fatty acids were considered, it was
observed that 16:0, 16:1n-7, 18:1n-9 and 18:2n-6 were major
ones, while others were detected in trace amounts. Out of
total, PL and TAG, percentage of 16:0 was the highest in
the egg, while it was the lowest in pupa out of total and
TAG; the percentage of 16:1n-7 was similar in all phases;
18:1n-9 was the highest in the larva out of total and PL, in
the pupa out of TAG, while it was the lowest in the egg out
of total, in the pupa out of PL, and in the fly out of TAG.
On the other hand, the percentage of 18:2n-6 was the
lowest in the egg and larva, while it was at a similar
percentage in the other stages (Table 1).

Total fatty acid distribution was in the order of
MUFA>SFA>PUFA in all except eggs, while this order
was SFA>MUFA>PUFA in the egg. Out of PL, there was
an order of MUFA>PUFA>SFA in the fly,
SFA>MUFA>PUFA in the egg, MUFA>SFA>PUFA in the
larva, and SFA=MUFA>PUFA in the pupa. Out of TAG,
the order was SFA>MUFA>PUFA in the fly and in the egg,
MUFA>SFA>PUFA in the larva, MUFA>SFA=PUFA in
the pupa. Out of total, PL and TAG, the percentage of
>'SFA was the highest in the egg. In total MUFA, total and
PL were the highest in the larva, TAG was the highest in
the pupa, while PUFA was at the lowest percentage in the
egg and larva (Table 1).

When the total fatty acid distribution was
considered, it was found that 16:0 and consequently total
SFA increased, while 18:1n-9, YMUFA, 18:2n-6 and
Y PUFA decreased in the egg. In the case of the larva, 18:1n-
9 and Yy MUFA increased, whereas 18:2n-6 and ) PUFA
decreased. Out of PL, the percentage of 16:0 and
consequently total SFA was high in the egg, while that of
18:2 and total PUFA was low. In the case of the larva, the
percentage of 18:1n-9 and total MUFA increased, whereas
that of 18:2n-6 and total PUFA decreased. Out of TAG, the
percentage of 16:0 and consequently total SFA was high in
the egg, while that of 18:2n-6 and total PUFA was low.
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Percentage of 18:1n-9 and total MUFA increased, while
that of 18:2n-6 and total PUFA decreased in the larva. Out
of total, PL and TAG fatty acid, percentage of SFA was
high in the egg, percentage of MUFA was high in the larva,
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whereas that of PUFA was high in the fly and pupa.
Furthermore, out of total, PL and TAG, the percentage of

Y PUFA was low in the egg and larval stages (Table).

Table 1. Distribution of fatty acid Total. Phospholipids (PL), and Triacilgliserol (TAG) in Lucilia sericata

Total PL TAG
Fatty Acid Adults Eggs Larvae Pupae Adults Eggs Larvae Pupae Adults Eggs Larvae Pupae
0.08 0.24 0.59 0.09 0.18 0.17 0.08 0.10 0.11 0.18 0.25 0.16
12:0 +0.01 +0.02 +0.05 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.01 +0.02 +0.01
2.02 3.62 3.07 1.90 0.98 292 2.8 1.69 291 3.53 3.19 1.04
14:0 016 £0.29 +0.24 +0.15 +0.08 $0.23 +0.18 +0.13 +0.23 +0.28 +0.25 +0.08
0.29 0.68 0.40 0.19 0.20 039 0.49 0.41 0.16 0.70 0.39 0.09
15:0 002 £0.05 +0.03 +0.02 +0.02 +0.03 +0.04 +0.03 +0.01 +0.06 +0.03 +0.01
2456 4218 26.22 281 20.47 36.07 27.00 31.96 30.73 35.27 27.73 12.81
16:0 +196 337 2,09 +1.82 +1.63 +2.88 215 +2.55 +2.45 +2.81 221 +1.02
17:0 017 0.06 0.27 0.14 033 0.28 0.30 0.14 0.20 0.26 0.26 0.08
+001  +0.01 +0.02 +0.01 +0.03 +0.02 +0.02 +0.01 +0.02 +0.02 +0.02 +0.01
552 8.26 2.08 5.56 487 12.09 1.20 3.00 8.19 7.44 2.39 3.88
18:0 +044  40.66 +0.17 +0.44 +0.39 +0.96 +0.10 +0.24 +0.65 +0.59 +0.19 +0.31
3264  55.05 32.63 30.69 27.03 51.92 31.35 37.29 4229 47.37 34.21 18.07
YS.FA. 260 439 +2.60 +2.45 +2.16 +414 +2.50 +2.98 +3.37 +3.78 +2.73 +1.44
1419 1351 13.37 13.50 14.13 5.82 19.06 1237 12.27 11.83 11.89 5.05
16:1n-7 +113  +1.08 +1.07 +1.08 +1.13 +0.46 +1.52 +0.99 +0.98 +0.94 +0.95 +0.40
2564 1682 41.00 26.73 26.41 31.14 3545 22.75 27.60 29.11 4334 58.40
18:1n-9 205 4134 +3.27 +2.13 £2.11 +2.48 +2.83 +1.82 +2.20 +232 +3.46 +4.66
033 0.54 0.30 0.15 0.84 0.77 0.31 0.47 041 038 035 0.49
20:1n-9 +0.03  +0.04 +0.02 +0.01 +0.07 +0.06 +0.02 +0.04 +0.03 +0.03 +0.03 +0.04
4016 3087 54.67 40.39 41.37 37.74 54.81 35.59 40.28 4132 55.58 63.94
YM.U.FA. +3.20 +2.46 +4.36 +3.22 +3.30 +3.01 +4.37 +2.84 +3.21 +3.30 +4.43 +5.10
2054 1074 9.86 21.44 23.23 6.69 11.70 19.96 13.71 8.80 8.23 1457
18:2n-6 +164  +0.86 +0.79 +1.71 +1.85 +0.53 +0.93 +1.59 +1.09 +0.70 +0.66 +1.16
0.49 0.59 0.14 071 0.46 0.35 0.15 0.49 0.40 036 0.09 0.22
18:3n-6 +004  +0.05 +0.01 +0.06 +0.04 +0.03 +0.01 +0.04 +0.03 +0.03 +0.01 +0.02
0.49 021 0.32 0.4 0.88 0.30 0.22 036 0.29 045 0.17 1.29
18:3n-3 +004  +0.02 +0.03 +0.03 +0.07 +0.02 +0.02 +0.03 +0.02 +0.04 +0.01 +0.10
0.06 0.03 0.18 0.16 0.08 035 0.06 0.07 0.08 0.15 023 0.08
20:2n-6 +000 0.0 +0.01 +0.01 +0.01 +0.03 +0.00 +0.01 +0.01 +0.01 +0.02 +0.01
011 0.08 0.31 0.20 0.07 0.11 0.22 0.10 013 0.09 0.29 0.05
20:3n-6 +0.01 +0.01 +0.02 +0.02 +0.01 +0.01 +0.02 +0.01 +0.01 +0.01 +0.02 +0.00
439 2.07 152 543 427 153 135 513 234 1.03 111 145
20:4n-6 +035 4017 +0.12 +0.43 +0.34 +0.12 +0.11 +0.41 +0.19 +0.08 +0.09 +0.12
112 0.36 0.38 0.54 261 1.01 0.15 1.01 0.48 043 0.10 033
20:5n-3 +0.09  +0.03 +0.03 +0.04 +0.21 +0.08 +0.01 +0.08 +0.04 +0.03 +0.01 +0.03
2720 14.08 12.70 28.92 31.60 10.35 13.84 27.12 17.43 11.31 10.21 17.99
YP.UFA. +217 +1.12 +1.01 +2.31 +2.52 £0.83 +1.10 216 +1.39 +0.90 +0.81 +1.44
1.61 0.57 0.69 0.98 3.49 132 0.37 137 0.77 0.88 0.27 1.62
n3 +013  40.05 +0.06 +0.08 +0.28 +0.10 +0.03 +0.11 +0.06 +0.07 +0.02 +0.13
2559 1351 12.00 27.94 28.11 9.03 13.47 25.75 16.66 10.43 9.94 16.37
né 204  +1.08 +0.96 .23 .24 +0.72 +1.07 +2.05 +133 +0.83 +0.79 +1.31
n3/n6 0.06 0.04 0.06 0.04 0.12 0.15 0.03 0.05 0.05 0.08 0.03 0.10

Values are provided as mean + SE

SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid

4. Discussion

A total of 13 fatty acids, 3 monounsaturated and 8
polyunsaturated, were detected in the analysis performed
on the larva and the adults of Ochlerotatus euedus, O.
subdiversus, O. flavescens, O. caspius, Aedes cinereus and
Anopheles messeae (Sushchik et al., 2013). In their work
Gotebiowski et al. (2014) identified a total of 26 fatty acids,
6 monounsaturated and 3 polyunsaturated, between C6
and C24 in L. sericata larva, and a total of 21 fatty acids in
pupa, 4 monounsaturated and 3 polyunsaturated. It was
found that 16:0 (20.5%), 16:1n-9 (15.4%), and 18:1n-9
(56.9%) as the major fatty acid in the larva; 16:0 (29.5%),
16:1n-9 (16.0%), and 18:1n-9 (45.6%) as the major fatty acid
in the pupa. Zhang et al. (2010) determined a total of 10
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fatty acids in their total fatty acid analysis on L. sericata
larvae. They determined SFA as 20.57 %, MUFA 60.32% and
PUFA 19.11%. In our study, out of total fatty acid, the
highest one was MUFA (54.67%), then SFA (32.63%) and
the lowest one was PUFA (12.70%), showing a similar
distribution with that study. However, unlike that study,
16 fatty acids were found in our study.

Palmitic and oleic acids were at the highest level in
the samples of all species in the analysis carried out on the
egg samples of four fly species. Percentage of palmitic acid
was 30.40% in L. excision, 30.68% in C. megacephaly, 31.08%
in L. cuprina, 30.29% in C. albiceps, whereas that of oleic acid
was found to be 41.03% in L. excision, 40.81% in C.
megacephaly, 44.9% in L. cuprina, and 41.03% in C. albiceps.
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L. cuprin had the highest oleic acid concentration. It has
been noted that the fatty acid composition of different
samples varies quantitatively between genera and even
species (Lunas et al., 2019). In our study, it was similarly
high in terms of total fatty acid. However, the percentage
of palmitic acid was the highest in the egg (42.18%), while
that of oleic acid was higher in the larva (41.00%). Hence,
the values in different life stages of the same sample were
different. These results are similar to the findings of Jacob
and Hanssen (1979) who described the quantitative
differences between fatty acid profiles of four adult
dragonfly species. Likewise, Thompson (1973) and Paul et
al. (2017) stated that the fatty acid compositions of
different insect species showed significant quantitative
differences. These data in our study are very important for
determining the quantitative differences in taxonomic
terms.

Golebiowski et al. (2012) found that female and male
L. sericata fatty acid profiles were from C6 to C20, a total of
15 fatty acids in males and 16 in females. They found that
16:0 (29.4% in females, 19.5% in males), 16:1n-9 (10.3% in
females, 14.7% in males) and 18:1n-9 (40.6% in females and
57.4% in males) were major fatty acids in both sexes. In our
study, 16:0 (25.56 %), 16:1n-9 (14.19%), 18:1n-9 (25.64 %) and
18:2n-6 (20.54%) were determined to be major ones.
Monounsaturated and polyunsaturated fatty acids are
generally found in many insect species. Although these
fatty acids are detected in aquatic insect larvae
Stictochironomus  pictulus lipids, the presence of
polyunsaturated fatty acids at 20:4n-3 and 20:5n-3 is rather
unusual. In their study, they found that the ratio of 20:4n-
3 and 20:5n-3 were 1.6 and 1.0% in females. In our study,
the percentage of 20:4n-3 was between 1.03% and 5.43%,
while that of 20:5n-3 was between 0.33% and 2.61% out of
total, PL and TAG.

Cakmak et al. (2004) studied different developmental
stages and different lipid fractions of Myrmeleon
inconspicuus species. In this study, they observed that there
was a decrease in 16:1n-7, while an increase was observed
in 18:2n-6 in the adult stage in both fatty acid distributions
in the PL and TAG fractions of M. inconspicuus larva and
adult individuals. In our study, 16:1n-7 PL was low in the
egg (5.82%), TAG was low in the pupa (5.05%), and the
percentage of PL was highest in Larva (19.06%), whereas it
was similar in pupa (12.37%) and fly (14.13%). TAG
showed a similar distribution in the fly (12.27%), the egg
(11.83%) and the larva (11.89%). In the case of 18:2n-6, PL
was three times lower in egg and two times lower in larva
than that in fly and pupa. TAG decreased 56% in eggs and
larvae compared to flies and pupae. Ogg and Stanley-
Samuelson (1992) suggested that insects undergoing
different metamorphoses have different fatty acid content.
In their study, they determined that the differences
observed in the fatty acid distribution in the egg, larva,
pupa, and adult stages of insects undergoing holometabol
metamorphosis were more pronounced than those
observed in insects with hemimetabol. This is because the
extent of tissue organization in insects undergoing
complete metamorphosis (holometabol) is more complex
than insects that wundergo semi-metamorphosis
(hemimetabol) (Crippsc & De Renobales, 1988).

As a result of the investigation of the fatty acid
composition of the late stage larva and pupa of Achroia
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grisella; there was no statistical difference between the two
groups in terms of SFA percentages, while the percentage
of unsaturated fatty acids was higher in the larval stage
than that in the pupal stage, and the percentage of
supersaturated fatty acids was higher in the pupal stage
compared to that in the larval stage. The reason for these
differences was explained as the different physiological
needs that occur during the metamorphosis of insects
(Nurullahoglu, 2003). In our study, out of SFA, total, and
PL was statistically high in the eggs; out of TAG, they were
low in the larva and the pupa. In the case of MUFA, total,
PL and TAG were 1.7 times higher in the larva than fly,
egg and pupae. The percentage of supersaturated fatty
acids was approximately two times lower in the eggs and
larvae compared to other stages.

In a study conducted on G. mellonella, the percentages
of 18:1n-9 and 16:0 were very high, while the percentage of
18:2n-6 was the third largest one in the fatty acid profile of
the fifth, sixth and seventh stage larvae and pupae of the
species (Aktiimsek et al., 2000). Similar results were found
in our study. The percentage of 16:0 and 18:1n-9 increased
significantly, while the percentage of 18:2n-6 decreased
from the 5th larval stage to the pupal stage of G. mellonella,
and the percentage of 18:3n-3 was lower in the 6th and 7th
stage larva than that in the 5th stage, whereas it was higher
in the pupal stage. This is because varying fatty acid
percentages during metamorphosis meet different
physiological needs in different stages of the insect
(Aktiimsek et al., 2000). In our research, it was found that
16:0 is higher out of total, PL, and TAG in the larva and
18:1n-9 is higher in pupa out of TAG; 18:2n-6 and 18:3n-3
were found to be similarly lower. This is due to the
difference between species during metamorphosis. In
another study, the percentage of 16:1n-7, 16:0, and 18:1n-9
was high and similar in the fatty acid composition of A.
grisella larva and pupa (Nurullahoglu, 2003). Another
study showed that the highest percentages in the fatty acid
composition of end stage larva and pupa of P.
interpunctella correspond to 18:1n-9 and 16:0 (Seven, 2004).
In the analysis of fatty acid composition of the late stage
larva and pupa of Tenebrio molitor, Taskin and Aksoylar
(2010) found that 12:0-18:2n-6 fatty acids are responsible
for the total fatty acid composition in both stages. They
found that oleic acid had the highest percentage and 16:0
and 18:2n-6's also had high percentages. In our research
data, we found that 16:0, 18:1n-9 and 18:2n-6 were high out
of total, PL, and TAG. Oleic acid is a fatty acid used for
growth and as an energy source (Dadd, 1973). They
attributed the reason for the high oleic acid in insects to
this, which was found to be similarly high in our study as
well.

Kalyoncu and Ozge (2014) investigated the fatty acid
composition of P. interpunctella larvae, pupae, and adults.
They identified 20 fatty acids ranging from 12-22 carbon
fatty acids as a result of the analysis and determined that
the largest percentage in the larval developmental stage
corresponded to 16:0 while 18:1n-9 had the highest
percentage in the pupal and adult stages. According to our
research data, out of total fatty acids, 16:0 had the highest
percentage out of saturated fatty acids; 18:1n-9 was high in
the other stages except egg (16.82%), out of the
monounsaturated fatty acids. This fatty acid was found to
be 1.58 times more in the larva. They found that the
percentage of SFA was the highest in the larval stage,
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while the percentage of PUFA was the highest in the pupal
stage, and they stated that there were differences in fatty
acid percentages depending on the developmental stages
(Kalyoncu & Ozge, 2014).

Insects meet their energy needs from stored TAGs
during their pupal stages. During the pupa phase, TAG is
consumed slowly, accelerating towards the end of the
metamorphosis (Ogg & Stanley-Samuelson, 1992). In their
study on the fatty acid composition in PL and TAG
fractions of M. inconspicuus larva and adult individuals,
Cakmak et al. (2004) found that 16:1n-7 decreased,
whereas 18:2n-6 increased in both fractions in the adult
stage. In our study, similar decreases and increases were
observed in both PL and TAG.

18:2n-6, 20:3n-6 and 20:4n-6 in the PL fraction of
thorax of individuals belonging to the P. americana species,
and 18:1In-9 and eicosadienoic acid (20:2n-6) in the
abdomen part were higher than those in other body parts
(Jurenka et al., 1988). The ratio of 18:2n-6 was high in the
PL fraction of the head and thorax of female and male
individuals of the Magicicada septendecim, and that of 18:1n-
9 was high in the abdomen (Hoback et al., 1999). In our
investigation, 16:1n-7, 18:1n-9 and 20:3n-6 were higher in
the larva; 18:2n-6, 20:4n-6 and 20:5n-3 in the pupa, 20:2n-6
and 20:5n-3 in the eggs. Phospholipid fatty acid content
was different in eggs, larvae, pupae, and adults of D.
frontalis (Hodges & Barras, 1974). Ogg and Stanley-
Samuelson (1992) obtained similar findings from M. sexta.
Bozkus (2003) noted increases and decreases in fatty acids
in PL fractions at different developmental stages such as
nymphs and adults. Similarly, in our study, it was
observed that different fatty acids were present at different
stages.
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