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SUMMARY vae were fed on fish. While the amino acid leﬁ-
cine and”serine were significantly low when lar-
Larvac of both blowflies Lucilia sericata and  vae were fed bovine liver. The amino acid threo-
Chrysomya albiceps were fed bovine meat, bo-  nine in haemolymph of C. albiceps prepupac was
vine liver, fish and chicken. The content of crude  high when its larvae were fed bovine mcat iz}nd
protein in the haemolymph of L. sericata prepu-  chicken and cysteine was significantly high* n
pac when its larvae were fed on the four different  case of larvae fed on bovine liver and fish. The
dicts, showed higher concentration when fed on  concentration of the amino acid glutamic acid was
bovine liver than when fed on chicken and bovine  the least when fish was offered as diet and the
meat. The least protein content recorded was  amino acid isoleucine and leucine were signifi-
when larvae were offered fish as diet. Meanwhile  cantly low when larvae were fed bovine liver.

the protein content in the haemolymph of C. albi-

re

ceps prepupac showed slightly higher concentra-

tion when larvac were fed on bovine liver than INTRODUCTION i
when fed on bovine meat, chicken and fish. Using ‘
(HPLC), the concentration of histidine was the  Insects like animals appear to have a gellc;';al pat-
most predominant amino acid in haemolymph of  tern of nutritional needs i.c they require diets con-
L. sericata prepupac when its larvz;e were fed on taining a nitrogen source, vitamins, an encrgy

bovine liver followed by threonine when its lar-  source (most often a carbohydrate) and some min-
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eral salts (Karowa and Martin, 1989; Horie and
Watnabe, 1983; Zucoloto, 1987). Although many
studics have becn devoted to the determination of
essential nutrients, many investigations are con-
cerned with studying the feeding habits of food

preferences of insccts (Busse and Barth, 1985).

The larvae of L. sericata and C. albiceps feed pre-
dominantly on meat or a rich protein diet. The nu-
tritional quality of protein is a function of its ami-
no acid composition which is important in growth

and rcproduction in both types of flies.

The present work was undertaken to determine

the cffects of different kinds of protein diets on

the content of crude protein and free amino acids .

in the hacmolymph of both L.sericata and C. albi-

ceps prepupae.
MATERIALS AND METHODS

Colonies of both L.sericata and C.albiceps were
established in the laboratory from flies initially
collected from Abou-Rawash Farm, 30km far
from Cairo City, Giza Governorate, Egypt, during
Junc 1995. In order to attract naturally gravid fe-
males, fly traps as that described by Roy and Das-
gupta (1975) were used. Flies caught in the traps
were removed daily, and transported to the labor-
atory, sorted, sexed and identified according to
Zumpt (1965) and Tantawi and El-Kady (1997).
Stock colonies of both adults L. sericata and

C. albiceps flies were reared in the laboratory of
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Parasitology Department, National Research Cen-
ter, Dokki, Cairo, Egypt, according to the method
of Omar et al. (1992). The ambient mean temper-
ature ranged between 14.6 and 32.1°C and mcan
relative humidity between 32.5 and 53.5%. Labor-
atory illumination of the mass colony was con-
trolled during both summer and winter scasons by
using Philips fluorescent tubes (24 W.) (Saunders
et al., 1986). Newly hatching larvae were reared
on different test diets (bovine meat, chicken, fish
or bovine liver) till reaching the prepupal stage,
then sacrificed. Haemolymph samples from pre-
pupac of L.sericata and C.albiceps were per-
formed according to El-Gindi and Abdel Meguid
(1994). Estimation of proticn was determincd ac-
cording to the methods of Bradford (1976). Ami-
no acid detcrmination was performed using High
Pressure Liquid Chromatography (HPLC) accord-
ing to the method of Steven ct al. (1989).

RESULTS

In L.sericata, the total crude protein content in the
haemolymph of the prepupac obtained from lar-
vae fed on bovine liver was much higher than
when fed on chicken and bovine meat, 9.4 £0.57;
8.21+1.24 & 8.15 % 0.94g/dl, respectively. How-
cver in C. albiceps, the total crude protein content
in the haemolymph of the prepupac obtained from
larvae fed on bovine liver, bovine meat and chick-
en was more or less similar being 8.71 %1.02;
8.56 + 1.02 and 8.18 £1.06 g/dl, respectively. A

lowest value was recorded in both L. sericata
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(7.30 £ 0.53 g/dl) and C. albiceps (1.33 £1.13 g/
dl) when larvac were fed on fish diet. Statistical
analysis  showed no

significant  difference

(P>0.05). Table (1) and Fig. (1).

Using HPLC, 17 amino acids werce separated fromi
the haemolymph of both L.sericata and
C.albiceps prepupac (Tables and Figs. 2 & 3). In
the hacmolymph of L.sericata prepupae the most
predominant amino acid was histidine (284.76
+16.77 mg/100ml) and significantly the least
were feucine (0.23 + 0.001 mg/100ml) and serine
(3.89 £ 0.04 mg/100ml) when its larvae were fed
on bovine liver. Statistical analysis showed a
highly significant variations in the values of the
frce amino acid between the four dicts (P<0.01).
However the level of threonine in the haemo-
lymph of L. sericata did not significantly vary be-
tween the four test diets (P>0.05). Also in the hae-
molymph of C. albiceps the level of the separated
amino acids differed according to the test diets.
Significant high values of cystecine wcre obtained
with bovine liver (256.2 + 5.11 mg/100ml) and
fish (198.47+ 4.32 mg/100ml). Arginine, thrco-
ninc, prolinc and tyrosinc showed highly signifi-
cant variations (P<0.01). Meanwhile glycine, his-
tidine, valine and lysine showed significant

differences (P<0.05).

Vet.Med.J.,Giza.Vol.49,No.2 (2001)

DISCUSSION AND CONCLUSION

Protcins are the prinbipal components of all ani-
mal tissues. From a nutritional standpoint the re-
quirement for protein is a requirement for the in-
dividual amino acids that comprise thcm, becausc
proteins are complex nitrogen compounds com-
posed of chains of amino acids. The amino acids

play an important role in insect metabolic activi-

ties during metamorphosis. Results obtained dur-

ing this study revealed that, the effect of various
animal protein diets on the crude protein content
and free amino acids in the haemolymph of both
L.sericata and C.albiceps prepupae showed dif-

ferent results according to the type of dict.

When L.sericata larvac were fed on bovine liver,
the protein content in the haecmolymph of the pre-
pupac was much higher than in those fcd on
chicken and bovine meat. The Icast protein con-
tent recorded when larvac were offered fish as
diet. In case of C. albiceps, the protcin content in
the haemolymph of the prepupac showed slightly
higher concentration when larvac were fed on bo-
vine liver than in those fed on bovine meat, chick-
en and fish. Similar results were reported by El-
Gindi and Abdel Mcguid (1994), in case of Para-
sarcophaga argyrostoma. The authors rcported
that the crude protein in the hacmolymph of lar-
vae fed on bovine liver showed higher concentra-

tion than in those fed on bovinc meat and fish.
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Table (1): Crude protein content (g/dl) in the hacmolymph of
Lucilia sericata and Chrysomya albiceps prepupac.

Crude protein (g/dl)

Type of diet
Lucilia sericata | Chrysomys aalbiceps
(Mean * SE) (Mcan % SE)
Eish 7.30£0.53 7.33+£1.13
Chicken 821+1.24 8.18 £ 1.06
Bovinc meat 8.15+0.94 8.56 + 1.02
Bovine liver 9.4+0.57 8.71+ 1.02
F valaue 0.98 0.45
LSD

Results aare mean (£ SE) of five replicate cxperiments

LSD: Least significant difference

Table (2): Free amino acid content in the haemolymph of Lucilia sericata prepupac obtained
from larvac fed on differet diets.

Amino acid in hacmolymph of larvae fcd on different dicts
Amino acid {mg/100 ml)

Bovine meat | Bovine liver | Fish Chicken F-valuc LSD

(mcan £ SE) | (mcan £SE) | (mean £ S[3) (mcan £SE)
Aspartic acid | 14.91% 1.76° | 22.47+0.97° | 3832+ 3.10° | 10872065 | 41.93%++] 6.13
Glutamic acid | 32.97£2.30° | 354+ 4.8° |70.89+278% | 28.27+ 044 | d2.19%++| 982
Scrine 2.09+025° | 3894004 |3451£3.15% | 4.03+022° | 92.77++] 5.6
Glycine 15712036 | 35.14+2.89% [19.81+ 0870 | 22.3041.81° | 22300+ 5.78
Histifine 170.72+ 2.55° [284.76+16.77°] 63.06+ 2.74° | 72.24£2.18° | 142.96%+4 28.25
Argininc 60.53 3.49° | 75.8+ 4.07°0 | 8274+ 6.86" | 44.2+3.5° | 13.34% | 1531
Threonine 140.11+ 7.51% | 162.32+ 3.13% |175.78 3.95% | 160.7£28.74"| 096
Alanine 28.49+ 0430 | 30.62+ 089" | 50.53+ 3.07% | 2093 4.68° | 19.70%+%| 9.8
Prolinc 417942260 | 47.99£3.96° | 742143387 | 21,57+ 418 | 37.93%%x| 115
Tyrosine 2049+ 0.75° | 20,68+ 1.74° | 52.75+ 5.88% | 16.07+0.92° | 29.53%++| 10.18
Valine 43.69+0.11° | 4036+ 0.63° [ 50732 0.13% | 29.8242.22° | s6.65+**| 3.77
Methioninc 11.80+0.83° | 87740375 |36.15£0.62% | 7.0220.08° | 604.07¥+4 1.81
Cysteine 256742040 | 34876201 | 62.6:831% | 17.122 1.32° | 18.68%%%| 14.89
Isolcucine 16.19% 1.01% | 4.132027° 18112 1.99% | 6.132 1.54° | 26.50%+%| 4.45
Leucine 1.9£040° | 02320001 | 2054236 | 0.80£0.12° | 14130044 3.91
Phenyl alanine | 4.48+0.76° | 6.34+0.43° | 35.0412.49" | 398+ 001° | 13030%+4 43
Lysinc 3836+ 5.76°° | 44275 5082 36732 5.93%°| 30,132 074° | 2.12
Total 671.99+32.57 | 858.04+48.95 {9.31.46257.61 { 496.32+ 53.37| -

Results are mean (£SE) of three replicate experiments ** P<0.01 ***P<0.001

Samc letter do not differ significantly.
LSD: Lcast significant diffcrence

F-value: ANOVA t(cst
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Table (3): Frce amino acid content in the haemolymph of Chrysomya albiceps prepupac
obtained from larvac fcd on different dicts.

Amino acid in hacmolymph of larvac fed on different diets

F-valuc : ANOVA test

Vet.Med.J.,Giza.Vol.49,No.2 (2001)

Amino acid (mg/100 ml)
Bovine meat | Bovine liver Fish Chicken F-valuc LSD
(mcanx SE) | (meanz ’SE) (mean £ SE) (mcan xSE)

Aspartic acid | 59.96+3.91% | 20.28+ 1.99° | 25.98+ 073 | 95.672 4.09% | 133.06*+*| 9.85
Glutantic acid | 49.94+2.78% | 36.4124.47° | 096+ 0089 | 25.65+ 3.65° | 41.87%++ | 10.45
Scrind 23.024+ 1.41% | 4.86£0.04° | 10.6420.77° | 5.66£093° | 78.92%5+ | 3.09
Glycine 1426+ 0.62° | 12.65£1.92° | 18.66% 1.12% | 149320162 | ag1+ | 3.78
Histifine 4698 +2.89% | 473246 726" |32.07+ 1.72° | 34.57£074%®| a02¢ | 13.00
Argininc 52.43£2.28" |46.22+ 4.74%° [ 27,56+ 0.89° | 364255 | sises | 125
Threonine 14675+ 1118|9718+ 7.52° | 109.8+ 4.85° |15122411.48° 8545+ | 2094
Alanine 9.30+ 0325 | 7324£099° | 18.94£0.81° | 3038+ 2.73% | 48.30%*+ | 495
Prolinc 3127+ 2.87° | 3691 1.60° | 44.72£ 276" | 61208 836% | 7.60%+ | 15.32
Tyrosinc 1333£037° | 35.0£1.35% | 51.04¢1.3% | 37.78£9.66° [ 10.06¢* | 1607
Valine 4315+ 1.93° | 57.48£ 5387 | 37.61% 1.16° | 49.05£ 45770 | 527+ | 1208
Methionine 14.05% 1.45% | 30.534.10° | 49.27+ 136 | 9.3940.76° | 61.24%+s | 7.53
Cysteine 9136+ 3.41° | 256.2£ 5.1 |198.47+ 4.32°| 624123219 | 300.1%% | 13.32
Isoleucine 3774299 | 1.09£0.195 |22.06% 1.48° | 3.88£0.19° | 10a.20%+ | 5.6,
Leucinc 10240870 | 1.17£027° |38.61£2.74% | 6.9720.35° | 131.23%%x 4.75 .
Phenyl alanine | 8.84+ 125 | 2583+ 1.23° | 289264357 | 16,05+ 1.74° | ag.85%%+ | 8.1 4
Lysine 6.5+ 1.50% | 4152+ 268" | 4329853 52172095 541+ | 1603

Total 719.28+ 42,07 | 757.96+51.2 | 758.6+35.74 | 693.4+59.07

Results arc mean of three replicale experiments ‘ b
Samec lctter do not differ significantly.

LSD: Lcast significant difference ** P<0.0!1 ***P<0.001

Tt
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Also Araujo, et al. (1995) found a significant dif-
val instar of Chrysomya megacephala reared ‘'on
ground beef than on bovine blood.
-

Results obtained in the present work also showed
that, the total free amino acids in haemolymph of
both blowflies preg‘pupae showed its highest value
when L.sericata larvae were fed on fish, and
when C.albiceps larvae were fed on fish as well
as on bovine liver. The free amino acids present
in the hacmolymph are mostly derived from : a)
the protein in the food; this depend to a great ex-
tent on the presence of digestive proteolytic en-
zymes found in the insect midgut., b) represent
storage of nitrogenous materials that can be
drawn on, according to the needs of the tissues,
c) stored in the blood until they are eliminated by
normal excretion, (Pattan, 1963), d) due to histol-
ysis of the larval tissues (protein) into amino acids
by amino acid dehydrogenase as the larvae are at

the beginning of the pupal period (Agrell, 1949).

In casc of the blowfly L.sericata the amino acid
histidine, which is an essential amino acid linked
to the pathway of purine synthesis, was signifi-
cantly high after feeding bovine liver. The amino
acid threonine, considered as one of the end prod-
ucts of succinyl coenzyme A catabolism, was
significantly high after feeding larvae on fish. The

amino acids leucine and serine were significantly
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low in the haemolymph of larvae fed bovine liver.

“Low value of these amino acids could be due to

deficiency of their metabolism from the amino

-acids that they arise from. Arginine was moder-

ately high in larvae fed bovine meat, bovine liver
and fish. Glutamic acid was |ﬁ0r¢ or less similar
in case of bovine meat and bovine liver dict.
Glycine and lysine were more or less similar in
case of all dicts. The amino acid proline was
higher in case of fish diet. Since the amino acids
arginine and prolivﬁ‘é?,-‘arc synthesized from gluta-
mate, this might éﬁ)lz’xin its lower value, Lysine is
synthesized from a$p'arlale and glycine from gly-

cerate -3- phosphate.

In case of thc blowfly C.albiceps the amino acid
threonine was high in larvac fed bovine mcat and
chicken, but cystcine was significantly high in
case of larvae fcd on bovine liver and fish. As me-
thionine is known o supply sulphur to cystcine,
the low value of methionine could be attributed to
c;/sle'i'nc synthesis. Glutamic acid was low after a
fish “diet , also the amino acids isolcucine and
leucine  were significantly low after feeding
bovine liver. The low value of these amino acids
could be due to their depletion or degradation in

metabolic pathways.
The amino acids threonine and histidine werc

more abundant in L.sericata while threonine and

cystine were the most abundant in C.albiceps.

Vet.Med.J.,Giza.Vol.49,No.2(2001)
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Similar results were rcported by Yousef (1988),
who stated that threonine, lysine, serine, histidine
and arginine arc also the most abundant amino
acids in the haemolymph of the 6th larval instar
of S/)()d()ﬁt(f;‘« littoralis. The amino acid tyrosine
showed highest value after fish diet in both blow-
flics L.sericata and C.albiceps, and lowest value
in case of both bovine liver and bovine meat diet.
During the few days preceding each moult t);ro-
sine accumulates in order to play a role in cuticle
formation by transforming to quinones (tyrosinase
enzyme) which gives the darkening of the cuticle.
1962 and Yousef
1988). Proline showed highest value after a fish

(Duchateau-Bosson et al.,

diet in L.sericata, while in C.albiceps after fish
and chicken dict. Prolinc is considered as an im-
portant amino acid in relation to some of the bio-
logical oxidation pathways in cells. Proline was
found to be predominant in the haemolymph of
fifth instar larvae and adult of Rhodnius prolixus
(B{u'rcll and Friend, 1975); and also present in
high concentration in the thoracic muscles of
‘s'dme Trichopteran hydropsychidae (Haag and
:.Sullivan, 1984); as wcll as i Aedes aegypti
(Thayer and Terzian, 1970); Glossina moristans
(Bursell, 1963); Leptinotarsa decemlineata (De-
kort et al., 1973); and Apis wmellifera (Barker and
Lehner, 1972). Yousef (1988), reported that pro-
line amino acid contributes to about 30% of the
total amino acids in the larval stage of Spodoptera

littoralis.

Vet.Med.J.,Giza.Vol.49,No.2 {2001)

Evans and ’p\'ossley (1974), determined the con-
centration of 18 amino acids in the cells and
plasma of the haemo]jmph of third-instar larvac
of Calliphora vicinakR.—D 72 hr l;é!fg!‘;c}puparium
formation. All but two of the amino acids oc-
curred mainly in the plasma, whichﬁ w‘ls found to
contain 86.7-99.5% of the total concentrations
The
(69.2%) and glutamate (61.7%) in}fhc cells of lar-

present. two exceptions were aspartale
vae 24 and 96 hr before puparium:“fiormulion. The
choice of feeding depends on the physiological
status of the species. Teran (1977 and 1978), In-
okuchi (1971) and Galun et al. (1981) in their
studies indicated that certain food contain highly
phagostimulating amino acids, whereas, other
foods may have an inhibiting action. Collett
(1976) reported that the amounts of nearly every
amino acid in Calliphora remained unchanged
even under adverse conditions. Also the author
found that the frce amino acid pool wus always
regulated intracellularly becausc the presence of
greater concentrations of amino acid within cells
than in the hacmolymph indicates that a great
deal of the regulation took place intracellularly.
With a dietary source of amino acid, the ratcs of
incorporation into protein account for only a part
of the total turnover of each amino acid. With a
sufficiency of amino acid, substantial amounts arc
probably used as an energy source. Anderson

(1984) stated that individual amino acid concen-
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trations in Calliphora vicina R.-D. (erythroce-
phala Mg.) showed complex patterns of change
with devclopment. However El-Gindi and Abdel-
Meguid (1994), stated that, most of the essential
amino acids of Parasarcophaga argyrostoma lar-
vac arginine, lysine, leucine, isoleucine, histidine,
phenyl alanihe, valine and threonine were present
in high concentration in the haemolymph of the
last farval instar fed on bovine meat diet. Arginine
was absent in larvae fed on fish and bovine liver
diet, isolcucinc was absent in larvae fed on bovine
liver dict only, but methionine was not present in

casc ol all three different diets.

According to the present results it appeared that,
feeding larvac of both L.sericata and C.albiceps
on different protein diets showed variation in total
protein of haemolymph as well as variation in val-
ucs of different amino acids with slight higher
values in case of bovine liver diet which can be
used as dict for laboratory colonization of these

two blowflies.
REFERENCES

Agrell. I (1949). Enzymes and mctammorphosis. Nature,
164:1039-1040.

Anderson, O.D. (1984): Devclopmental changes in protein
content, volumes and amino acid pools in the larval fat
body and hacmolymph of Calliphora erythrocephala.

Comp. Biochem. & Physiol., B, 77 (1): 161-165.

318

Araujo, F.A.P.; Oliveira, C.M.B.; Wald, V. and Brum. M.V,
(1995): Comparison of the larval development of Chiry-
somya megacephala (Fabricius, 1794) Pauon 1922,
rcarcd on two different media. Arquivos da Faculdade
dc Veterinaria, UFRGS., 23: 135-145,

Barker, R.J. and Lehner, Y. (1972): Free amino acids in tho-
races of flown honey bees, Apis mellifera L. (Hymenop-
tera: Apidac). Comp. Biochem. & Physiol., 43 B, 163-
169.

Barrctt, F.M. and Fricnd, W.G. (1975): Diffcrences in the
concentration of frec amino acids in the hacmolymph of
adult malc and female Rhodnius prolixus. Comp. Bio-
chem. Physiol., 52 B, 427-431.

Bradford, M.M. (1976): A rapid and sensitive method for
the quantitation of microgram quantitics of protein uli-
lizing the principle of protein-dye binding. Analytical
Biochem., 72: 248- 253.

Bursell, E. (1963): Aspects of the metabolism of amino ac-
ids in the tsctse fly Glossina (Diptera). J. Inscct Physi-
ol,, 9:439-452.

Busse, F.K. and Barth, R.H. (1985): Physiology of feeding
preference patterns of female black blowllies (Phormia
regina): modification in responsivencess. 31: 23-26.

Collett, 3.1, (1976): Some features of the regulation of the
frcc amino acids in adult Calliphora erythrocephala. J.
Inscet Physiol., 22: 1395-1403.

Dckort, C.A.C.; Bartclink, A.K.M. and Schuurmans, R.R.
(1973):

The significance of proline for oxidative metabolism in the
flight muscles of Colorado bectle, Leptinotarsa decemli-

neata. Insect Biochem., 3: 11-17.

Vet.Med.J..Giza.Vol.49,No.2(2001)



¥

Duchatcau-Bosson, G.; Jeuniaux, C. and Florkin, M.
(1962): Tyrosinc in hacmolymph of Bombyx. Arch. In-

tern. Biochera., 70: 287-291,

Lil-Gindi AM. and Abdel Meguid A. (1994): Effect of [ced-

ing different dicts on the crude protein content & [ree
) Ennino acids in the hacmolymph of larvae of Parasar-

(,;()[)/l(lg(l argyrostoma (Robicau-Desvoidy) (Diptera-
ﬂ Sarcophagidac). Vet. Med. 1., Giza. 42 (3){ 113-116.

FEvans, P.D. and Crossley, A.C. (1974): Free amino acids in
the hacmocytes and plasma of the larvae of Calliphora
vicina. J. Exp. Biol., 61 (2): 463-472.

Galun, R.: Gothill, S.; Blondhcim, S. and Lachman, A.
(1981): Protein and sugar lunge in Mecditcrrancan fruit
fly. Ceratitis capitata. V.E.C.RR.O. mini symposium;
245-251 (Ed. by Sharp J.L.. & Chambers D.L.). Con-
sumption of carbohydratcs, protcins & amino-acids by
Anastrepha suspensa in the laboratory. Environ. Ent., 13
: 768-793.

Haag, K.H. and Sullivan, D.M. (1984): Free amino acid
concentration in plasma ol larva and adult Hydropsychi-
da (Trichoptera). Inscct Biochem., 14 (3): 553-558.

Horie, Y. and Watanabe, K. (1983): Effcct of various kinds
of dictary protcin and supplimentation with limiting ami-
no acids on growth, hacmolymph components and uric
acid cxcrtion in the sitk worm. Bombyx mori. J. Inscct.
Physiol., 29: 187-199.

Inokuchi, T. (1971): Effccts of dietary conditions on free
amino acid patterns in hacmolymph of the silkworm,
Bombyx mori. J. Scric. Sci., Tokyo, 40: 281-287.

Karowa, D.N. and Martin, M.M. (1989): The cffcct of quan-

tity and quality of dict nitrogen on the growth, clficicncy

Vet.Med.J.,Giza.Vol.49,No.2 (2001)

of food utilization, nitrogen budget, and mctabolic ratc
of fifth-instar Spodoptera eridania Yarvac (Lepidoptera:
Noctuidac). J. Inscct Physiol., 35 (9): 69Y9-708.

Omar, AH.; Adham, F.K.; Solimann, F.S. and Khedre A,
(1992): Laboratory rcaring of Wohlfahsrtia nuba Wicde-
mann (Diptcra- Sarcophagidac) in Egypt. J. Egypt. Soc.
Parasitol., 22 (1): 271-278. '

Pattan, R.L. (1963): Introductory Inscct Physiology, W.B.
Sounder Company, Philaditphia and London.

Roy, P. and Dasgupta, B. (1975): Scasonal occurrence of
muscid, Calliphorid and Sarcophagid flics in Siliguri,
West Bengal, with a note on the identily of Muca do-
mestica. L. Oriental inscets, 9 (3): 351-374.

Saunders, D.S.; Macpherson, J.N. and Cairncross, R.D.
(1986): Maltcrnal and larval effects of photoperiod: on
the induction of larval diapausc in two specics of fly
Calliphora vicina and Lucilia sericata. Exp. Biol., 46:
51-58.

Steven, A.C.; Michacl, M. and Thomas, L.T. (1989): A
manual of advanced techniques for amino acid analysis.
The Pico-Tag method, Millipore Corporation; printed in
U.S.A. 4189 WMO2, Rev. 1.

Tantawi, T.I. and EL-Kady, E.M. (1997): Identification of
third instar larvae of forensically important flies (Dipte-
ra: Calliphoridac, Sarcophagida and Muscidac) in Alex-
andria, Egypt. J. Egypt. Ger. Soc. Zool., 23: 1-20.

Teran, HL.R. (1977): Comportamento alimentario y su corre-
I‘Ilt-‘i'!nn a la reproduction ¢n hembras de Ceratitis capita-
la. RC‘\K’J"“‘\,gron. N.O. Argent., XVI: 17-35.

--------------- (_vl 978): Sclcecion de alimentos por los machos

e influencia ce estos y del espacio vital sobre ¢l compor-

., “

-

319




tamiento reproductivo de las hembras de Ceratitis capit-
ata. Rev. Agron. N.O. Argent., XV: 59-66.

Thayer, D. and Terzian, L.A. (1970): Frcc amino acids and
related compounds in the tissues of aging female Aedes
aegypti mosquitocs. J. Inscct Physiol., 16: 1-15.

Yousc{, H.A. (1988): Osmorcgulation during metamorpho-

320

sis of Spodoptera littoralis (Noctuidac, Lepidoptera).
M. SC. Thesis, Cairo Univ.,
Zucoloto, F.S. (1987): Fceding habits of Ceratitis capitata
(Diptra: Tephritidac). Can larvac recognize a nutritional-
ly cffective diet? J. Inscct Physiol., 33 (5): 349-353.
Zumpt, F. (1965): Myiasis in man & animals in the Ofd
World. Butterworths, London, 257pp.

ey

Vet.Med.J.,Giza.Vol.49,No0.2(2001)



