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Melanization process in irradiated larvae of moths and
beetles, pests of stored products

Stanislaw Ignatowicz' and Dorota A. Lupa'

Abstract

Larvae of the Indian meal moth, Plodia mterpunctella Hbn. ,
the Mediterranean flour moth, Anagasta (Ephestia)
kuehniella Zell., the almond moth, Cadra cautella Wlk. ,
and the khapra beetle, Trogoderma grananum Ev., were
irradiated WithCobalt 60 at doses of O. 1, 0.3, 0.5 and 0.7
kGy, to determine the effects of gamma radiation on the
melamzation process. After irradiation, the number of non-
melamzed larvae and the number exhibitmg a slight
melamzation usually mcreased. The degree of melamzation
in treated larvae was sigmficantly different from that of
untreated msects. Generally, melanization decreased With
increasing dose and With the elapsed time after the
treatment Multiple freezmgs of irradiated larvae had no
effect on the further mcrease of melamn formation.
Results of DOPA' spot tests' mdicate that phenoloxidase

activity was very low m irradiated larvae. Only a few larvae
produced redlblack color With 2-methyl-DOPA in the spot
test The effect of elapsed time after the rrradiation on
phenoloxidase activity was evident m the' spot tests' .
Results of phenoloxidase assay show that only the highest

doses inhibited enzyme activity in larvae at the 2nd-4th
week after irradiation. Activity of phenoloxidase enzyme
was highly variable for both control and irradiated larvae of
the Mediterranean flour meal moth and the khapra beetle.
Therefore, a test based on phenoloxidase activity or on the
melanization reaction would not be appropnate m a
quarantme procedure for detecting ururradiated msects that
are pests of stored products

Introduction

The impending loss of methyl bromide as a fumigant has
caused increased mterest in irradiation as a potential
commodity treatment (IAEA 1992) Irradiation of
agricultural commodities is an effective quarantme measure
and disinfestation method agamst stored product pests. The
irradiation can be used for dismfestmg a Wide vanety of
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agricultural products and matenals (Moy 1988).
At low doses of ionizing radiation suggested for quarantme

treatment, death of pests is not Immediate (Ignatowicz and
Brzostek 1990, Ignatowicz et a1. 1993) Particularly in
products Irradiated for quarantine purposes, It must be
ascertamed that msects surviving the treatment are not able
to reproduce or proliferate in a new location. Therefore,
some methods to detect previous exposure of msect pests to
ioruzmg radiation are needed (ICGFI 1986).
We report here results of our studies on a method for

idennfrcatron of irradiated msect larvae based on the post-
radiation mhibition of the melanization process. The
following msects were used as model stored product pests:
the Mediterranean flour moth, Ephestia kuehmiella Zell. ,
the Indian meal moth, Plcdui mierpunctetla Hubner, and
the khapra beetle, Trogoderrna granartum Ev.

Materials and Methods

Insects

Standard laboratory cultures of the stored product msects
have been maintained at the Department of Applied
Entomology, Warsaw Agncultural Unrversity for several
years. The khapra beetles were reared on wheat gram at 35
± 1°C and 70 ± 5% r. h , while the Mediterranean flour
moth and the Indian meal moth larvae were kept m a
medium consistmg of bleached and enriched wheat flour and
brewer's yeast (19 1), at 25 ± 1°C and 70 ± 5% r. h, m
darkness

Irradiation

Groups of larvae were selected from the laboratory
colonies and Irradiated Witha dose of 0.1, 0.3, and 0.5 kGy
(and 0.7 kGy m some experiments) of gamma radiation
(dose rate = ca. 30 Gy/mm ). A Fnecke dosimeter was
used for dosimetry (IAEA 1977). The control group of
larvae was not irradiated.

Assessment of melanization

After the irradiation treatment, larvae were kept in Petn
dishes withm the reanng medium. The dishes were stored m
thermostically-controlled cabmets at 25 ± 1°C and 70 ± 5%
r. h, m darkness. On the Ist, 2nd and the 3rd week after
Irradiation, larvae of each treatment group were selected to
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evaluate the melanization of their cuticle For this purpose,
Isolated larvae were placed in a freezer ( - 36°C) for 2 or 4
hours to kill them. Then, larvae were removed from the
freezer and placed on a white background at room
temperature for observation. After 24 hours, melanization
of these larvae was evaluated Visually and recorded
photographically. Schematic drawings (paintmgs) of these
larvae were also prepared to show and calculate the size of
the body portion encompassed by the melanization process
(black and dark gray color).
In an addrtional experiment with the Indian meal moth and

the khapra beetle, the isolated larvae were killed by multiple
freezmg. For this purpose, larvae were placed into a freezer
( - 36°C) for half an hour, then larvae were removed and
placed at room temperature for an additional half an hour,
and this procedure was repeated 1- 3 times. Melanization of
these larvae was evaluated as above after 2 and 24 hours.
An index of melaruzation (M. 1. ) was calculated as a mean

percentage of larval body encompassed by darkemng For
calculations, a normal (natural) color of larvae was
considered here to be 0.0 (0 % ); a shght gray color was
o .33 (33 % ); a dark gray color was 0 .66 (66 % ), while the
black or brown color was 1. 0 (100 % ). If half of the larval
body is black and half was of normal color, then the index
was assumed to be 0.5 (0.5 + 0.0); when 1/3 body was
dark gray, and the rest of the body was light gray, then the
index was 0.44 (1/3 x 0.66 + 2/3 x 0.33); when 1/10
of the body was dark gray, 2/10 of the body was of normal
color, and 6/10 of the body was black, then the value of the
index was 0.666 0/10 x 0.66 + 2/10 x 0.0 + 6/10 x
1.00), etc. For each species, the inhibition of melanization
in irradiated larvae was compared With that of the control
(= non-irradiated larvae).

OOPA 'spot tests'

Control and Irradiated larvae were washed in a petri dish
with tap water to clean them of food particles, then were
removed to an absorbent paper towel, and dned, A single
Irradiated or control larva was mmced with a small, sharp
knife m two drops of water in the depression of a spot plate.
One drop of the minced larva was then apphed to a spot of
ca. 100 fJ-gof dried 2-methyl-DOPA substrate (2-methyl-3
(3, 4-dihydroxyphenyl )-DL-alanme) which was purchased
from Sigma.
To obtain a spot of dned 2-methyl-OOPA, the substrate

was apphed as a 10 fJ-Idroplet (10 fJ-gsubstrate/ul of 0.1 M
phosphate buffer, pH 6.5) on cellulose acetate transparency
film, and allowed to air dry before use (Nation et al. 1995,
Mansour and Franz 1996).
The presence of a red coJorlblack color that develops on a

transparency film, containing 100 fJ-gdned 2-methyl-DOPA,
with mmced larva, indicates a high activity of

phenoloxidase. The red color gradually becomes very dark
red and finally black as melarun pigment is formed. The
black color persists for a long period of time in the dry spot,
and the color of spots may be compared between the
treatments. Using this procedure, the phenoloxidase
activity in Irradiated and control larvae was compared on the
Ist , 2nd and 3rd week after irradiation treatment.

Phenoloxidase activity in irradiated larvae

Larvae were treated with gamma radiation in rearing
medium in petri dishes. Irradiation was done in a Cobalt-60
Irradiator. The dose ranged from 0.1 to 0.7 kGy. After
irradiation the larvae were placed in petri dishes and
returned to the rearing room. After 1, 2 or 3 weeks larvae
were isolated from the medium and used for enzyme
analyses.
Larvae were washed in a small dish of tap water to remove

food particles, placed on a filter paper, and blotted dry
before assaying enzyme activity. Larvae of Ephestia
kuehniella and Trogoderrna granarium were homogenized
individually for 1 min. in 200 fJ-I and 150 fJ-I of 0.1 M
phosphate buffer solution (pH 6.5) in a 5 ml and 2 ml
Wheaton tissue gnnder , respectively. The homogenate was
transferred into a 1.5 ml test tube and then centrifuged for 5
min. at 12,000 x g and 4"C. The supernatant containing the
enzyme was kept on ice until it was tested to avoid possible
autooxidation. The supernatant was then poured through a
filter paper to remove floating fat particles, and the
resulting volume was used as the enzyme source.
To an enzyme reaction tube was added 5 mg 2-methyl

DOPA in 0.5 ml of 0.1 M phosphate buffer (pH 6.5) and
0.5 ml of the centrifuged enzyme homogenate. Tubes were
incubated with enzyme for 30 min. at 30"C. The intensity
of the red color was measured by light absorption at 475 urn
m a Spectronic colorimeter. An unit of phenoloxidase
activity was defined as the amount of enzyme at pH 6.5 that
caused a change in light absorbance of O.Ol/min. at 475
urn. Specific activity was measured as units per milligram of
protein. Protein was measured by the Bradford method
(Bradford 1976) with bovine serum albumin as the standard
protem.
Methods described by Nation et al. (1995) were used

after mmor modifications. The 2-methyl-3 (3, 4-
dihydroxyphenylr-Dl-alanine (Z-methyl DOPA) and bovine
serum albumm were purchased from SIgma.

Statistical procedures

Data were studied as averages. For each species, the
index of melaruzation of larvae treated with various doses of
gamma radiation was compared with a Kruskal- Wallis
ANOVA, followed by a nonparametnc multiple comparison
(SIegel & Castellan 1989).
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Results

Melanization process in irradiated larvae of
lepidopteran pests

Mediterromean. flour moth.
The control larvae of the Mediterranean flour moth

showed a strong melanization index (84.2 %) after killing
by freezing (Table 1) However, some of the ururradiated
insects showed a clear lack of melamza tion (natural color) or
melamzed only partially, much like those that had been
irradiated. Some larvae, smaller than others and of pmk
color, probably infested with a nucrospondian pathogen, did
not melamze.

Table 1. Index of melamzation (percentage of body
encompassed by melamzation) for irradiated and
non-irradiated larvae of the Mediterranean flour
moth, Ephestu: kuehaueila..

Dose
(kGy)

Week
after

treatment

Index of
melamzation
(Percentage of

body encompassed
by melanization) *

Number of
insects

Control 125 84.2 f

1 142 44.8 e
0.1 2 90 24.2 d

3 183 15 2 c

1 149 5.3 b
0.3 2 72 0.7 a

3 136 3.1 a

1 112 7.5 b
0.5 2 72 21.2 cd

3 68 6.6 ab

1 27 36.2 d
0.7 2

3

* Kruskal-Walhs ANOVA followed by a nonparametnc multiple
companson (a = 0 05); common letter followmg the mean
indicates no sigrnficant difference between means m a column

The effect of gamma radiation on the extent of
melaruzation m the Mediterranean flour moth larvae was
evident, The degree of melanization m treated larvae was

sigruficantly different from untreated insects. In general, it
decreased With mcreasmg dose and With elapsed tune after
treatment. The strongest mlubition of melanm production
was recorded m larvae treated With a 0.3 kGy dose. Before
kilhng m a freezer, some of the larvae, particularly those
treated With higher doses (0.5 - 0.7 kGy) of gamma
radiation , showed a partial melanization of their body, being
covered With several black spots or patches. After their
death, the extent of melanization enlarged. Therefore,
larvae treated With higher doses (0.5 - 0.7 kGy) had a
somewhat higher melamzanon index than the group treated
with a 0.3 kGy dose.
The degree of melanization was unaffected by sex ratio

when umrradiated larvae were compared With those treated
With 0.1 kGy (Table 2).

Indian meal moth

Melanization of the larval body was a slow process m P
mterpunctella. After 2 hours only 36.1 % of larval body was
encompassed by melanization m the control. Slight signs of
melaniza tion (M. I = 1. 8 - 7.8 %) were found in the
treated larvae (Table 3)
After 24 hours, the melamza tion process often compnsed

the whole or almost whole body of control larvae of the
Indian meal moth, but sometimes umrradiated larvae
exhibited no Sign of melaruzanon. The control larvae
exhibited also a partial darkenmg of their body However, a
high value of melanization index (78.5%) was found for the
control (Table 4).
After the irradiation treatment, the number of non-

melamzed larvae and larvae exhibiting a slight melaruzation
usually mcreased The darkemng of larvae killed on the first
week after irradiation With 0.1, 0.3 and 0.5 kGy decreased
from 29.4, and 11. 9, to 5.3 %, respectively A clear
correlation between the dose and the melamzation index was
found m larvae at the first and third week after the
treatment However, the largest variation was observed m
the group of insects killed by freezmg on the second week
after the irradration treatment The number of larvae
showing darkening of their bodies increased enormously two
weeks after the treatment, especially after irradiation With
dose 0.5 kGy However, all data obtained for irradiated
insects differ sigmficantly from the control group of larvae
(Table 4)

Table 2. Index of melanization (percentage of body encompassed by melarnzation) for irradlated and non-irradiated larvae of
the Mediterranean flour moth as affected by their sex

Number of
, male' larvae

Index of
melamza hon
M.I. (%) *

Dose
(kGy)

Number of
larvae

Index of Index of
melamzahon Number of melamzahon

•female' larvaeM I. (%) * M. I. (%) *

50
70

86.1a
45.0b

Control 125 84. 6a 75 83. Oa
0.1 142 44.8b 72 44.6b

* Kruskal- WallIS ANOVA followed by a nonparametnc multIple companson (a = 0 05); common letter followmg the mean mdIca tes no
sIgmfIcant dIfference between means m a column
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Table 3. Index of melaruzation (percentage of body encompassed by melanization) for Irradiated and non-Irradiated larvae of
Indian meal moth larvae, Plodza interpunctella , killed by a single freezing on the 1st week after irradiation
treatment, and recorded after 2 hours

Dose (kGy) Number of larvae
Index of melaruzation (Percentage of body encompassed
by melamzation) on the 2nd hour after killing WIthcold*

Control

0.1

0.3

0.5

114

160

159

166

36.1a

7.8b

2.2c

1.8c

* Kruskal- Wallis ANOVA followed by a nonparametnc multiple companson (a = 0 05); common letter followmg the mean indica tes no

significant difference between means m a column

Table 4. Index of melamzation (percentage of body encompassed by melanization) for Irradiated and non-irradiated larvae of
the Indian meal moth larvae killed by a single freezing.

Dose (kGy) Week after treatment Number of msects
Index of melanization (Percentage

of body encompassed by melanization) *

Control

0.1
1
2
3

1
2
3

1
2
3

0.3

0.5

162

191
149
98
159
159
99
166
166
136

78.5 e

29.4 c
41.0 d
26.3 c

11.9 b
32.5 c
17.1 b

5.3 a
40.7 d
12.8 b

* Kruskal-Walhs ANOVA followed by a nonparametnc multiple companson (a = 0 05); common letter followmg the mean mdtcates no

sigmficant difference between means m a column

To obtain more consistent results on the effects of
Irradiation on the melaruzation process, a tnal with multiple
freezmgs of Indian meal moth larvae was performed. Larvae
were placed mto a freezer ( - 36°C) for half an hour, then
removed and placed at room temperature for an additional
half an hour ThIS procedure was repeated 1 - 3 times
Melanization of these larvae was evaluated after 2 and 24
hrs Results presented m Table 5 indicate that the multiple
freezings of both untreated and Irradiated larvae did not
increase the percentage of melanization of the larval body

Melanization process in irradiated larvae of the
khapra beetle

Untreated (control) young larvae of the khapra beetle
melamzed after their death more readily than older larvae,
and the melanization index (M. I ) reached >65% (Table
6) after 24 hours.
Irradiation treatment WIthdoses ranging from O. 1 to 0.5

kGy sigrnficantly mhibited the melaruzation process m young
larvae killed by a cold on the 1st and 2nd week after
Irradiation. MelamzatlOn was more mhiblted by hIgher

doses, and the melanization index was lowered to 15.5% at
a 0.5 kGy dose. However, the average percentage of the
body encompassed by melanization increased WIth the post-
irradiation time, and at the 3rd week after the irradiation
treatment It reached the level of the control (Tables 6 - 8).
Old larvae of the khapra beetle melamzed slowly after

their death. Therefore, some visible changes m body color
were noted after 24 hours. A small portion (avg. 26.4%) of
the larval bodies was encompassed by melaruzation m the
control larvae killed by freezing Therefore, it was
Impossible to assess WIth accuracy the effects of rrradiation
on the melanization m these larvae. Irradiation treatments
mhibited srgruficantly the melamzation of old larvae after
their death, but the relationships between the dose, elapsed
time after Irradiation and the degree of melaruzation were
not clear (Tables 6 - 8) .
Generally, multiple freezings of irradiated larvae had no

effect on the further mcrease of melamn formation. The
degree of melanization m all treatments was much lower
than m the control, mdicatmg a clear inhibition effect of
Irradiation on the process (Table 9)
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Table 5. Index of melamzation (percentage of body encompassed by melamzatron) for irradiated and non-irradiated larvae of
Indian meal moth larvae killed by multiple freezmgs

Dose (kGy) Number of freezmgs Number of msects
Percentage of Percentage of

melanization after 2 hrs melamzation after 24 hrs *

Control 1 162 36.1 78.5 b

2 101 17.9 62.5 a

3 118 13.8 75.3 b

4 103 30.7 80.6 b

0.1 1 190 22.1 43.0 b

2 102 31.8 43.2 b

3 152 16.6 40 0 b

4 110 23.6 31.2 a

0.3 1 159 2.03 11.9a

2 157 3.43 11.0a

3 122 1.3 1O.7a

4 83 7.3 10 Oa

0.5 1 166 1.8 5.3 a

2 157 0.9 5 7 b

3 122 0.7 5.3 a

4 83 1.3 5.4 a
* Kruskal-Walhs ANOVAfollowed by a nonparametnc multiple comparison (a = 0 05); common letter followmg the mean indicates no
significant difference between means for each dose

Table 6. Melanization process m irradiated and non-irradiated larvae of the khapra beetle larvae killed by cold on the 1st week
after the treatment.

Developmental stage Time smce the
freezmg of larvae

L2 2 hours

24 hours

Last larval stage 2 hours

24 hours

Dose (kGy) of Index of
gamma irradiation

Number of larvae melamzation (%) *

control 89 0.0

0.1 102 0.0

0.3 85 0.0

0.5 77 0.0

control 89 65.4c

0.1 102 32.7b

0.3 85 17.2a

0.5 77 15.5a

control 102 7.7c

o 1 132 0.2a

0.3 172 8.5c

0.5 97 LOb

control 102 26.4b

0.1 132 8.4a

0.3 172 27.6b

0.5 97 8.9a
* Kruskal-Walhs ANOVAfollowed by a nonparametnc multiple comparison (a = 0.05), common letter followmg the mean indicates no
sigmficant difference between means of each experiment
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Table 7. Melanization process In Irradiated and non-irradiated larvae of the khapra beetle larvae killed by cold on the 2nd week
after the treatment.

Developmental
stage

TIme SInce the
freezing of larvae

L2 2 hours

24 hours

Last larval stage 2 hours

24 hours

Dose (kGy) of Index of

gamma Irradiation
Number of larvae

melamzation (% ) *

control 89 O.Oa

0.1 98 0.3b

0.3 107 O.Oa

0.5 89 O.la

control 89 65.4c

0.1 98 41.1b

0.3 107 35.0a

0.5 89 34.0a

control 102 7.7c

0.1 99 O.Oa

0.3 103 O.lb

0.5 84 0.2b

control 102 26.4c

0.1 99 0.6a

0.3 103 2.7b

0.5 84 1.8b

* Kruskal-Walhs ANOVAfollowed by a nonparametnc multiple companson (a = 0 05); common letter following the mean indicates no
significant difference between means of each expenment

Table 8. Melanization process in irradiated and non - Irradiated larvae of the khapra beetle larvae killed by cold on the 3rd
week after the treatment"

Developmental stage
TIme SInce the
freezing of larvae

L2 2 hours

24 hours

Last larval stage 2 hours

24 hours

Dose (kGy) of Index of

gamma irradia han
Number of larvae

melaruza han (% ) *

control 89 O.Oa

0.1 122 O.lb

0.3 162 0.3c

0.5 95 O.3c

control 89 65.4c

0.1 122 68.2b

0.3 162 68.0a

0.5 95 72.6a

control 102 7.7c

0.1 78 1.0a

0.3 76 2.4b

0.5 85 2.0b

control 102 26.4d

0.1 78 8.7a

0.3 76 20.1c

0.5 85 11.1b

* Kruskal-Walhs ANOVAfollowed by a nonparametnc multiple companson (a = 0.05); common letter followmg the mean indicates no
significant difference between means of each expenment
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Table 9. Effect on the melanization of multiple freezmg of Irradiated and non-irradiated larvae (4th mstar ) of the khapra
beetle

Week after
Dose (kGy)

irradia tion
Control

1st week 0.1

0.3

0.5

2nd week 0.1

0.3

0.5

Number of Number of Index of
freezmgs observed larvae melamzation *

1 102 26.4f
2 156 52.11
3 106 57.01
4 128 57.71
1 132 8.4d
2 100 2.3a
3 100 4.8b
4 86 5.1bc
1 172 27.6f
2 95 37.4g
3 98 35.4g
4 105 39.2h
1 97 8.9d
2 105 11.2d
3 101 18.3e
4 112 17.8e
1 99 0.6a
2 88 0.7a
3 78 4.1b
4 53 10.6d
1 102 2.7b
2 251 3.2b
3 77 5.4c
4 63 1.9a
1 84 1.8a
2 82 2.3a
3 69 1.3a
4 67 1.6a

* Kruskal-Walhs ANOVA followed by a nonparametnc multiple companson (a = 0 05), common letter followmg the mean indicates no
sigmficant difference between means m a column

DOPA spot tests for phenol oxidase activity

Phenoloxidase activity m irradiated and control larvae was
determmed usmg the 2-methyl-DOPA spot tests. It was
found that a red color was developed m the drop in < 30
mm. More than 75% of control larvae of the Mediterranean
flour moth developed redlblack color WIthm the DOPAspot
( = positive reaction). A large percentage of larvae
producmg the positrve reaction WIthDOPAwas found m the
treatments with a 0.1 or 0.3 kGy dose of gamma radiation
(except 4th week, O.3 kGy) HIgher doses of radiation
inhibited activrty of the enzyme, such that 44.4%,23.3%,
16.1 %, and 10.0% larvae irradiated with a 0.5 dose
exhibited a positrve reaction with DOPAafter the Ist, 2nd,
3rd, and 4th week post-treatment, respectively (Table 10).

The mcomplete results with larvae of the Indian meal
moth show that low doses of radiation (0.1 or 0.3 kGy)
seems to have no effect on the phenoloxidase activity Also,
an effect of elapsed time after the irradiation treatment IS
not evident (Table 11)
However, the test for phenoloxidase activrty produced

inconsistent results for larvae of the khapra beetle. Only ca.
44% of the control larvae developed redlblack color Larvae
irradiated WIth0.1 to 0.5 kGy doses produced results which
were similar to the control, or even higher than the control,
when they were assessed on the 1st week after treatment
Larvae Irradiated WIth a 0.1 kGy dose had a sufficient
phenoloxidase activity to cause color development, which
was not decreased WIth the elapsed time after the
irradiatron. In the other treatments, phenyloxidase activity
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was very low, and only a single larva produced redlblack
color m the spot. The effect of elapsed time after the
Irradiation IS evident. Almost all larvae irradiated with a O. 3

or 0.5 kGy dose failed to produce the color when assessed on
the 2nd and 3rd week after the irradiation (Table 12)

Table 10. Results of 2-methyl-DOPA spot tests for phenoloxidase activity on transparent film from 5th instars of the
Mediterranean flour moth Irradiated with gamma radiation and assessed on the 1st, 2nd, 3rd and 4th weeks after
the treatment.

Week after Dose Number of Number of spots Percentage of spots
irradia tion (kGy) larvae showing redlblack color showmg redlblack color
Control, Control 158 119 75.3
mcludmg: 0.0 kGy
male larvae 78 51 65.4
female larvae 80 68 85.0

1st 0.1 36 30 83.3
0.3 36 30 83.3
0.5 36 16 44.4
0.7 36 23 63.9

2nd 0.1 48 44 91. 7
0.3 48 42 87.5
0.5 30 7 23.3
0.7

3rd 0.1 115 99 86.1
0.3 67 44 65.7
0.5 31 5 16.1
0.7

4th 0.1 141 137 97.2
0.3 84 14 16.7
0.5 30 3 10.0
0.7

* There was a high mortality of larvae, therefore the mdicated test was not performed

Table 11. Results of 2-methyl-DOPA spot tests for
phenoloxidase activity on transparent film from
5th mstars of the Indian meal moth irradiated
WIth gamma radiation and assessed on the Ist,
2nd and 3rd weeks after the treatment

Dose
(kGy)

Week after
Irradiation
treatment

Number of
insects

Percentage of
spots showing
redlblack color

Control 74

52

93

52

48

97.3

82.6

53.8

84.6

97.9

0.1
1
2
3
1

2

3

1

2

3

75.0

0.3

20
o 5

* There was a high mortality of larvae, therefore the mdicated test
was not performed

Table 12. Results of 2-methyl-DOPA spot tests for
phenoloxidase activity on transparent film from
the 4 th mstars of the khapra beetle larvae
irradiated With gamma radiation and assessed
on the Ist, 2nd and 3rd week after the
treatment

Dose
(kGy)

Week after
irradiation
treatment

Number of
tested insects

Percent of
spots showing
a redlblack
color

Control

0.1

0.3

0.5

1

2

3
1

2

3

1

2

3

189

25

52

78

25

52

76

20

25

38

44.4

76.0

30.8

52.6

48.0

1.9

9.2

60.0

0.0

2.6

1072



Proceedings of the 7th International Workmg Conference on Stored-product Protectum - Volu-me 2

Phenoloxidase activity in irradiated larvae

Results of the prehmmary expenments on the effects of
radiation on phenoloxidase m larvae of the Mediterranean
flour meal moth and the khapra beetle indicate large
vanability of the response of enzyme actrvity to irradtation
(FIg. 1 and 2).
Phenoloxidase activity m larvae of the Mediterranean flour

meal moth Irradiated WIth doses up to 0.7 was SImilar to that
of the control, when the larvae were assessed on the 1st-3d

c
E
0 20('()

<,
c
V~
0~
0..
eo 15
E
<,
en~
2::s
10

30

week after treatment Reduced enzyme actrvity was found
only m larvae assessed on the 4th week after irradiation
(FIg 1)
There were no differences m the enzyme activity between

the control and treatments of the khapra beetle larvae when
studied on the 1st week after irradiatron. During the next
weeks, however, the mhibition of phenoloxidase activity by
gamma radiation was evident, but the correlation between
these vanables was not striking (FIg. 2)

I:SIlweek
02 weeks
.3weeks
614 weeks

Ephestta kuehnlella

0.3 0.5 0.7
Dose (kGy)

25

5

o
o 0.1

Fig.I. Effect of gamma radiation on phenoloxidase activity m larvae of the Mediterranean flour moth, Ephestia kuehruella
ZeU , after the mdicated week post-treatment

Discussion

An Ideal method for detectmg Irradiated msects should be:
(1) specific for Irradiation and not mfluenced by other
processes , (2) accurate and reproducible, (3) have a
detection hmrt below the nummum dose hkely to be apphed
to an agncultural commodity as a quarantme treatment, (4)
apphcable to a range of pests, (5) quick and easy to

perform, and (6) capable of providing an estimate of

irradiation dose (Burditt 1992) The melanization tests used

here to detect Irradiated larvae of stored pests do not fulfill
these requrrements. The tests often produced inconsistent

results because (a) irradiation does not completely prevent
melanization m pest larvae, and (b) untreated larvae, cold-

killed and examined at room temperature, often show

mcomplete melanization We observed untreated msects that
showed a clear lack of melanization (natural color) or were
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melanized only partially, often as those that have been
irradiated
Nation et al. (1995) suggested that ioruzmg radiation

mhibits the production of one or more enzymes involved m
melanization rather than altenng the enzymatic reactions
involved in melanization As a result, melanization m some
pest larvae may be strongly mhibited by irradiation doses
apphed at a sufficient level. Nation et al. (1995) noted that
control larvae of the Canbbean fruit fly, Anastrepha

suspensa (Loew), rapidly melanized after freezing and
thawing. FIrst instars of the pest irradiated With > 20 Gy
and exammed for whole melanization as late third instars
faded to show typical melanization Their results were
supported by Mansour and Franz (1996). However, their
papers do not provide data on the percentage of irradiated
and untreated larvae that underwent the process, and on the
percentage of their bodies encompassed by melanization.

90
rs 1week T rogoderma gran anum

80 02 weeks
.3 weeks
614 weeks

70
c·s
~ 60
<,
c
QJ....
8 50
0..

eo
';;;-40....a
;:3

30

20

10

0
0 0.05 0.1 0.15 0.3 0.5 0.7

Dose (kGy)
Fig.2. Effect of gamnia radiation on phenoloxidase actrvity m larvae of the khapra beetle, Trogoderma granarzum, after the

indicated week post-treatment

Results of the present paper mdicate clearly that gamma
Irradiation of larvae of stored product pests mhibits their
melamzation, but does not completely prevent this process
The mlubition of melanm production was found m both
young larvae and in old larvae

Old larvae seem to have a high level of phenoloxidase
actrvity, smce It mcreases WIth larval development,
reaching a maximum immediately before pupation (Hackman
and Goldberg 1967, Mansour and Franz 1996). Bemg

saturated WIth the enzyme, the mature larvae do not react
so clearly to irradiation as those larvae that were Irradiated
as young larvae (Nation et al 1995, Ignatowicz and Zaedee
1996, Mansour and Franz 1996). ThIS may explain the

vanable results obtained With old larvae
To stimulate and/or enhance the melanization process,

tnals WIth multiple freezmgs and thawing of larvae were
performed These results mdicate that a double freezings
and thawing of the control larvae increased the melanization
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index, but additional treatments had no effect on its further
mcrease. On the other hand, multiple freezmgs of irradiated
larvae had no effect on the mcrease of melanin formation
The degree of melamzation m all Irradiation treatments was
much lower than m the control, mdicating a clear mhibition
effect on the process
Because the visual assessment of the effects of irradiation

on melamzation of larvae IS very subjectrve , and thus
difficult to perform, a tnal to determme the activity of
phenoloxidase enzyme m the control and Irradiated larvae
was performed usmg the 2-methyl-DOPA substrate m the
spot on cellulose acetate transparency film. Results of the
trials indicate that the 'spot test' can Identify enzyme
mhibition only in those larvae that were irradiated WIth high
doses of radiation and/or assessed on the 2nd-4th week after
the treatment. However, this test cannot be used for
detection of Irradiated larvae, because only a percentage of
the controls produced redlblack color WIth the substrate
Only the higher doses inhibited larval phenoloxidase

activity at the 2nd-4th week after irradiation. Activity of
phenoloxidase enzyme was highly vanable for both control
and irradiated larvae of the Mediterranean flour meal moth
and the khapra beetle It seems that the enzyme activity IS
dependent upon other factors, yet unknown, but these
factors need to be determmed. Therefore, at present, a test
based on phenoloxidase activity or on the melamzation
reaction could not be reliably applied m the quarantme
procedure for detectmg umrradiated msects that are pests of
stored products
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