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ABSTRACT

Chemical analysis «of totai lipids and fatty acid composition of Trogodenna
grananum was carried out to envisage the effect of irradiated hosts diet on these
constituents. Tota! body lipids were affected indirectly by feeding of tarvae on the
irradiated diet. The resuits showed that the fatty acids changed according to the host.
There were qualitative and quantitative differences in the individua! fatty acid
composition between male and female.

Radiation was effective in changing the saturated and unsaturated fatty acid
concentrations especially for 18: 2 and 18 : 3 which are essential for normal growth,
development and adult emergence.

In general, it could be concluded that fatty acid composition affected indirectly
by feeding of larvae on lhe iradiated hosts diet, and consequcently affect the
biological activily of insects.

INTRODUCTION

Khapra beetle Trogoderma granarium larvae are known to fed on
several different hosts.

The common method that is widely applied for disinfestations is by
chemical insecticides. The repeated use of fumigants might involve a serious
health hazard to human beings and environment. There fore, irradiation looks
more effective, safe and cheaper (Ahmed et al, 1993, Souka and El-Degwi,
1994, El-Degwi, 1997).

Lipids are important constituents of meinbranes, play a key rolein
insect energy metabolism and comprise some of the most impartant control
factors in the insect growth and morphogensis. Alsg, insect growth hormones,
pheromones and sex aftractants are lipoidal in nature (Gibert, 1967). The
lipids found in insects are usually common to all higher organisms

Fatty acids of insect lipids are derived in part from dietary sources and
in part from biosynthetic pathway similar to those operative in higher animals
(Worthing and Payne, 1974). [n general diet influences the synthesis of falty
acids in several species { Turunen, 1983, Subramanyam and Culkowp, 1987,
Afify et al., 1387).

Data concerning the effect of ionizing radiation on the composition
metabolism of insect lipids are scare (Afify et ai., 1995, Ei-Orabi and Gareib,
2000, Haiba and Mohamed. 2001). Therefore this study was conduced to
determine the effect of the larvae irradiated and non irradiated diet upon the
total lipids and fatty acid compasition of khapra beetle adults.
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MATERIALS AND METHODS

Stock cultures and irradiation treatment:

Tne strain of khapra beetle Trogoderma granariuni (EVERTS) has
been reared in the [nsect and Pest Control lab (NCRRT} Larvae were reared
in half pound jar haif filled with mixture of whole and crushed host seeds,
wheat (Triticum wuigare ), cowpea ( vigine unguiculata ) and peanut ( Arachis
hypogaea ).

irradiation was conducted by Gamma Cell 220 Irradiation Unil {Co
source) located at the (NCRRT) with a dose rate of 2 : 1 rad/sec. Host seeds
were irradiated with 100 and 300 Gy, and their respective control. The
cultures were kept at 30 £ 1°C and 70% * 5% R.H. Insects were removed as
pupae then sexed and held in { 9cm. diameter ), petri dishes linded with filter
paper. Adults of the first generation were collected from each culture.

Extraction of insects’ lipids:

Total crud lipids were extracted from 1gm. Of body weight of frashly
adult male and female of T.granarium with chioroform: methanol { 2:1 viv)
mixture, using soxhlet apparatus ( AOAC, 2000 ). The combined filtrates were
evaporated to dryness, extracted with petroleum ether, dried and weighted.

Separation of fatty acids :

Total lipids of insects were saponified with methanolic KOH { 20% )
for 24 hrs at room temperature. The unsapenified matter was extracted
several times with petroleum ether at 40-60°C and removed. Fatty acids were
freed from their alkaline salls by acidification with HCL and then extracted
with petroleum ether and methylated with diazomethane ( Vogel, 1980).

Gas chromatographic analysis of Fatty acids :

Fatty acids were identified by gas liquid chromatographic {GLC)
technique. GLC { Unicam model, UK) was used to characterize the fatty acids
based on authentic fatty acids. Chromaosorb R packed column {1.5m x 4mm]
was used to separale fatty acids. GLC equipped with dual flame jenization
detector. The lemperature was programmed from 60°C / min for 250°C at a
rate of 12°C/min then held at 250°C for 15 min { Hamilton ef al., 1992 ).

RESULTS AND DISCUSSION

The effect of gamma irradiated and non irradiated diet on the
percentage of total lipids in females and males of T.granarium is shown in
Table (1) No appreciable change in the total fipid contents was noliced in
males reared (as a larvae) on non-irradiated and irradiated wheat with 300
Gy (485 % and 49.7% ) while . lipid content was reduced when wheat
irradiated with 100 Gy (37.3%).7ctai iipid content of males fed on peanuts
followed the similar trend. There was highly reduced of total lipid content in
males resuited from the irradiated cowpea.

Females fed on irradiated wheat with 300 Gy showed relatively
increase of lipid content compared to the non-irradiated ones, when ferales
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were fed on cowpea and peanuts irradiated with 300 Gy. In contrary (23. 8%
and 38.2%. respectively) when compared with the controi (36.5% and
43.2%). Fermale showed higher lipid contents than males except in case of
irradiated peanut with 300 Gy were males contained higher totat lipid than
females, (45.5%). Generally, total body lipids were affected indirectly by
feeding of larvae on the irradiated diet.

Table (1) : Effect of gamma irradiated and non - irradiated host diet on
total lipids on T. granarium.

. . Total lipids (%)
| Host D"-‘é Dose in —&4ntrol 100 T 300
y- male |[female| male | female | male | Femnale
heat 495 | 51.3 | 37.9 | 525 497 588
Cowpea 272 | 365 | 215 | 394 05 | 238
Peanut 418 | 432 | 385 | 465 455 382

Data presented in Table (2) show the effect of irradiated and non-
irradiated hosts diet on the relative percentages of fatty acids in maies. The
fatty acid 22 ; 0 represent the major one when males were fed as a larvae on
non-irradiated wheat (26.93%) followed by 18 : 1. It is worthy to note that this
major one 22:0 decreased heavily (3.44%) at 100 Gy and disappeared at 300
Gy treatment while the concentration of 18:1increased( 42.14%) at 100 Gy
and decreased lo( 15.49% ) by increasing the irradiation dose. 24 : O was in
the contrary with this trend. The fatty acid 23 : 0 was found in males reared
on wheat irradiated with 300Gy (26.30%). Saturated C16 increased (21.24%)
at 100 Gy comparing with control.

Table (2) : Effect of gamma - irradiated and non - irradiated host diet on
relative percentages of fatty acid composition of T.
granarum males.

. . host diet
Fatty a%t;.oose " wheat cowpea peanuts |
Control | 100 [ 300 [controll 100 [ 300 |control 100 | 300

r)gpﬁc 14:0 5.82

Palmitic 16:00 11.78 |21.24] 830 | —— {18.81130.55(20.18{14.37|34.94
Patnitdeic 61:1 —— 206 | — | — | 188} — | — | —— | ——
Stearic By 468 | | —— | 748 (2812 — (659 |
Oleic 18:1) 26.70 |42.14|15.43|53.27| 54.8 127.38133.94|51.50 47.88J
Lincleic 18:.2| 498 [16.04] 981 {1465111.711 8.31 |13.79,/20.66 17,1@}
Linolenic 18:3] 280 — 1 —T[133] — —
Arachidic 2000 115 | — | — | — | ——|
Behenic 21:0| 17.75 297 | — [ — 1 ——_T—]
Docosanoic  22:0| 2693 [ 344 | — | —— (081 | ——1| _— { B89 | —
Tricosancic 23:0 | —— | — 2630} ~— | ~— | — |1835| —— | —
Tetracosanoic 24 :0| 11.95 | 7.85 [40.08{2805| — | — [13.76| — | —
Unsaturated 31.68 {62.7412530!67.92| 68.8 |35.51[47.73|72.16:65.06
Saturated 68.32 |37.26174.70|32.08131.20(64.49[52.27127.84|34.94
nsaturated/saturated | 464 [168.4; 33.9 |211.7]220.5] 58.2 | 91.3 {260.0]186.2
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Three fatty acids were found in males fed as a larvae on non irradiated
cowpea, it is very important to note that the most abundant one was 18 : 1
(53.27%). Nine fatty acids detected in while, males fed on irradiated host with
100 Gy. 18 : 1 was the most dominant (54.18%) and decreased to (27.38%)
with 300 Gy. Saturated fatty acid 16 : 0 was found in males {18.8%) and
increased with 300 Gy (30.55%), also 18: 0 followed the similar trend. In
addition the irradiation dose effectively in reduced 18 : 2 and 24 : 0 was
disappeared.

The fatty 18 : 1 was the major component amang the total fatty acids
of males fed on peanuts ( 33.94% ) and increased to { 51.50% and 47.88%)
in case of irradiated seeds with 100 and 300 Gy. The same trend was
observed with 18:2, while 16 : 0 decreased in males with 100 Gy (14.37%)
and increased with 300 Gy { 34.94% ), The fatty acids 23 : 0 and 24 : 0 were
presented in males and disappeared when host diet irradiated. The fatty
acids 18 : 0 and 22 : O detected in males with 100 Gy.

The composition of fatty acids of the adult females reared as a larvae
on different irradiated and non-irradiated hosts diet are shown in Table { 3 ).

Table (3) : Effect of gamma - irradiated and non - irradiated host diet on
relative percentages of fatty acid composition of T. granarum

females.

I . host diet

Fattyi:gc;‘oose wheat cowpea eanuts

controll 100 | 300 [controll 100 | 300 [control| 100 | 300

Lauric 12:0 052 | 1.32 —_—
Myristic 14 0 | 0511074 084 | —— | —— | 3.41
Paimitic 16:0 131.80(34.30123.45]29.48132.08|1582[18.77120.46| 4.30
Palmetoleic 161 | 1.48 | 1.22 2111204 | —— | ——
Stearic 18:0 | 445 | 547 (601 | 870 | 7.08 | 7.17 | 5.35 | 7.70 { 4.81
Qleic 18 1 |46.03(44.91/49.64151.42150.30/54.00(45.96152.08|28.99
unknown 2.91

Liongleic  18:2 |13.97113.55/17.00/10.40| 9.41 |10.82120.94[19.76111.94
Linolenic 183 | 032 | 062 | — | — | 1.38 | 1.68 — ]
rachidic 20:0 | 0.54 | 0.79 108 | — ) —— | — |
Behenic 21:0 0.61

Docosanoic 220 | 0.52 | 0.74 1.16

Triconsanoic 23:0 37.36
etracosanoic24:0 | — | —— . 257 ) — | —— [ 241 | 696 —— ' 4.19
Hexacosancic26:0 | 0.3¢

nsaturated 61.8 1 80.2 [66.60(61.82/60.83168.44(68.49171.84140.93
Saturated 38.2 | 39.8 [33.36/38.18/39.17131.39/31.0628.16,59.07 |
tSJ;thtedISaturated 161.81151.3/1938 ILS‘I.Q 155 3|21B.6 230.01355.11694225
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The fatty acids 18:1 and 18:0 occurred as major companenls among
the other acids of females reared on untreated wheat { 46.03% and 31.80% ).
The level of unsaturated acids 18 : 1 and 18 : 2 increased by increasing the
irradiation dose (49.64% and 17.00%) on the cenfrary, 16 : 0 leve! increased
in females with 100 Gy (34.30%) and decreased with 300 Gy ( 23 45% ). The
fatty acids 12 : 0 was found in small concentration with irradiated host diet
allhough it was not in present in control. It 1s ¢lear from the data that
concentration of most fatty acids increased when females were fed on
irradiated diet.

The major fatty acids 18 1( 51.42% ) in female reared on cowpea
increased when host irradiated with 300 Gy (54.0 %). However, the level of
16:0 increased with 100 Gy ( 32.08 % ) and decreased to {15.82 %) at 300
Gy . The radiaticn dase effectively reduced the content of 18 : 0. In tfemales
fed as a larvae on irradiated cowpea, the fatty acids 16: 1, 20:0, 22: 0.
and 24 : 0 were presented in smali congentrations.

The unsaturated fatty acid 18 : 1 represents the major one {45 96) of
females reared on peanuts, it was increased with 100 Gy (52 .08%) and
decreased (28. 99%) at 300 Gy . The same trend was observed with
salurated fatty acids 16 : 0 and 18 : 0 Whereas the level of 18 2 was
decreased by increasing the irradiation dose. The fatty acid 24 : () was found
onty in female reared on irradiated peanut with 300 Gy as a major component
among the other fatty acids.

The ratio between unsalurated and saturated fatty acids reached a
maximum in females and males reared on irradiated peanuts with 100 Gy
(255.1 and 260.0) and minimum was found in females on irradiated peanuts
with 300 Gy (69 29) while, decreased in males (32 ) reared on irradiated
wheat with 300 Gy.

Turunen {1983}, Subramanyam and Cutkomp {1887) mentioned that
the unsaturated fatty acids especially 18 : 2 {linoieic) and 18 : 3 {linclenic) are
essential far normal growth, development and  adult emergence. From the
above results the changes in the two unsaturated fatty acids as a results of
feeding on irradiated diet of the nosts could be used as additional bicindex for
disturbance or the biolegical activity of insects.

In ihe present work, the results showed thatthere was difference
between sexes in total lipids, females had higher lipids than males. Also
differences in total body lipids and principal faity acids composition beiween
sexes may be relaled to ther lipid requirements. {Turunen, 1983) reported
thal the levels of iipids and fatty acids are profoundly influenced by the diet.

The fatty acids of adults from larvae reared on different hosts reflects
more closely the fatty acids of their hosts. Thus when fed on diet with a high
concentration of fat the adults tends to deposit the fatty acids of its host
However, when fed on diel with low concentration of fat the adults tends to
synthesize its fatty acids and deposit fat differed from that of the host. Afify et
al. { 1997 ) recorded similar conclusion with C maculatus.

The administration of radiation dose for ihe hests could alter the
cornposition of fatty acids. The presence of unknown fatty acid in case of
irradiated cowpea with 300 Gy in fernale may be formed from isomerization of
18 : 1 caused by radiation and the chemical composition of cowpea. The

2329



f

EL-Degwi, Mal S. and M. M. Farag

effect of sterilization by gamma radiation on fatty acids synthesis have been
reported in several insect species. Radiation influences the biosynthetic
pathway of fatly acids and effects fatty acids composition ( Afify et al., 1995,
El-Orabi and Ghareib, 2000, Haiba and Mohamed, 2001). These efiects
caused changes in structure of phospholipids and their biclogical significance
as nutritional, prostaglandinogenic and presumed structural role { Downer,
1978, Stanley — Samuelson and Dadd, 1983).

lonization causes the majority of the immediate chemical changes in
living materials. This damage may be a direct result of an ionizing track or it
may be due to the indirect action of the free radicals ( Coggle, 1977 ).

Generally it could be conciluded that fatty acid composition affected
indirectly may be by feeding larvae on the irradiated diet, thus cause
disturbance on the biological activity of insects.
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