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Abstract

Granary weevil Sitophilus granarius (L.) infestations in stored cereals are generally di�cult to detect
since the life cycle mainly takes place (from egg to pupa) inside the kernel. In order to detect the
immature stages of S. granarius in wheat kernels a serological technique was set up. The antiserum was
prepared by injecting rabbits with crude extract from larvae and pupae of S. granarius. Two di�erent
serological techniques (double di�usion and immuno-osmophoresis) were compared using crude extracts
coming from 10 g of wheat variably infested and ground by di�erent procedures. The immuno-
osmophoresis displayed higher analytical resolution than the double di�usion and it was able to detect
the infestation due to a single larva (2nd, 3rd or 4th instar) or pupa in the crude extract. Moreover, this
technique also provided information about the degree of infestation and the insect instar present in the
kernel, based on the number of serologically positive samples (n 5 � 10 g) and the position of the
precipitin lines, respectively. The reproducibility of the results, the high analytical resolution, as well as
its rapidity and technical simplicity, demonstrated the usefulness of the immuno-osmophoretic technique
for the detection and quanti®cation of hidden insect infestations in stored wheat. # 2000 Elsevier
Science Ltd. All rights reserved.
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1. Introduction

Serological techniques have assumed an increasing importance in entomological research
(Simon, 1969; Kurian and Sirsi, 1971; Hudson, 1973; Boorman et al., 1977; Rotundo and
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Tremblay, 1980; McIver, 1981). Recently, they have been used for quantitative detection of
insects in stored products (Quinn et al., 1992; Kitto et al., 1994). These techniques, cheap and
easy to carry out and, at the same time, highly speci®c and sensitive can be very useful to
determine and to quantify insect infestations.
The identi®cation of the infestation type and rate, caused by insect pests living inside the

kernel during the period before manufacture, represents a problem of great importance for the
food industry, related to regulations on the allowable infestation levels.
Serological techniques may help in evaluating the quality of a stock of cereal and in deciding

its best market destination or the optimal control methods to be applied.
The techniques (physical or chemical) commonly used for these purposes are not very

satisfactory. They are rather subjective, slow, and need highly skilled technicians. In addition,
some of them are also expensive.
The present paper describes our use of the agar-gel double di�usion and of immuno-

osmophoresis to detect and quantify hidden granary weevil [Sitophilus granarius (L.)]
infestations, a major pest of stored cereals.

2. Materials and methods

2.1. Rearing

S. granarius was reared for several generations on wheat under controlled environmental
conditions (27 2 28C, 60 2 5% r.h. and L12:D12 photoperiod) in glass jars (diameter 15 �
15 cm) closed with a nylon screen.
Larvae of di�erent instars (2nd, 3rd, 4th) and pupae were collected from infested kernels.

Larvae were starved for 2 days and stored at ÿ208C until their use.

2.2. Antigen preparation (Ag)

Immunogens were prepared from whole bodies of immature forms of S. granarius (5 g)
crushed with a Polytron grinder in 10 ml of ice-cooled bu�ered saline solution (BSS) (1 vol. of
1/15 M Sorensen bu�er pH 7.3, 9 vols of isotonic saline solution and 0.02% merthiolate) at
pH 7.22 0.1. Extracts were stored at 48C overnight and centrifuged at 70,000 g for 40 min,
cleared through 0.45 m Millipore ®lters and ®nally lyophilised and stored at ÿ208C. Before the
liquid was lyophilised, a sample was taken for protein determination. The protein yield was
6.5%.
Antigens used for serological tests were obtained by grinding non-infested and infested wheat

in a known volume of BSS with a Polytron grinder. Other samples were triturated with a
common household grinder at low speed for 30 s and then the meal was mixed with a known
volume (10, 15, 20 ml) of BSS at pH 7.22 0.1. All extracts were centrifuged at 1500 g for
30 min.
Small samples of antigens were extracted by homogenizing a known number of weighed

larvae of di�erent instars and pupae of S. granarius in a BSS all-glass tissue grinder. This
preparation was then centrifuged at 1500 g for 30 min.
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2.3. Protein estimation

Protein was determined according to the procedure of Lowry et al. (1951) in all extracts.

2.4. Antisera production (Ab)

Three New Zealand white rabbits were immunised by subcutaneous injections. Each rabbit
was injected with 0.5 ml insect extract (4.1 mg proteins) emulsi®ed in an equal volume of
Freund's complete adjuvant. Injections were given one per month for six consecutive months
with increasing antigen dosage up to a double protein titre. After the last injection, the rabbits
were starved for 12 h and then sacri®ced.
The blood was then stored at 48C overnight to allow the clot to contract. The next day, the

clot was removed, the serum was centrifuged at 1500 G for 10 min and the supernatant was
stored at ÿ208C after addition of 0.02% merthiolate.

2.5. Serological tests

2.5.1. Double di�usion (DD)
The method was described by Hirschfeld (1963). The antigens and antibodies were placed in

small reactant wells bored in agar gel. They di�use towards each other and precipitation occurs
when they meet at an optimal concentration. One precipitation band was formed for each
antigen-antibody system. By placing the various antigens and antibodies side by side it is
possible to see if the antigens are related. Bands formed by identical antigens merge together,
those formed by di�erent antigens cross and the bands formed by partially related antigens
form spurs.
Agar gels were prepared using 1% noble agar (Difco) in phosphate bu�er (pH 7.1). Double

di�usion was conducted in gels supported on glass plates (5 � 8.3 cm) in which wells were
punched in the thick agar layer (2±3 mm) by agar gel cutters, providing seven wells, arranged
as follows. Two di�erent gel punches were used. Six peripheral wells (diameter 4 mm) 4 mm
apart, border to border, and separated from the central well (diameter 4 mm) by 7 mm, were
used to evaluate antigen titre. To detect and measure insect contamination of wheat, six
peripheral wells (diameter 5 mm), 5 mm apart and separated from the central well (diameter
6 mm) by 5 mm, were used. The central well contained 60 ml of antiserum while 35 ml of
antigen were placed in each of the other six wells.
The plates were incubated at 258C and observed for a period of up to 4 days. The

precipitation reactions were examined under ¯uorescent light against a black background.
When the reactions were completed, usually in about 3±4 days, the unreacted proteins were
removed by washing the gels, ®rst for 24 h in several changes of saline solution (85%) and
overnight in distilled water. They were then dried and stained with Coomassie brillant blue
(Fazecas de St. Croth et al., 1963) and photographed under ¯uorescent light.
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2.5.2. Immuno-osmophoresis or electrosyneresis (IO)
This technique combines electrophoresis and immuno-precipitation. Its successful application

is dependent on the extent of the negative net charge on the antigens and the (cathodic) endo-
osmotic liquid ¯ow characteristic of the particular agar used.
Experiments were carried out on a plastic plat (13.5� 9� 1 cm) in gel approximately 0.5 cm

thick, with a current of 1.0 mA at 25 V/cm for 4 h at room temperature; cold water ¯owed
under the plat to prevent increase of temperature during the IO.
Wells were punched in the gel (diameter 4 mm) in 2 rows, 15 mm apart. The antigen (35 ml)

was placed in the cathodic well of the pair, with the anti-serum (35 ml) in the anodic well.
Tests were performed in a gel of noble agar (Difco) (0.8%) and Agarose Type II (Sigma)

(0.2%) in veronal bu�er, pH 8.6 and ionic strength 0.02±0.05 m. The electrode vessel bu�er was
the same previously used for gel.
Precipitin lines were observed under ¯uorescent light and, after washing in saline solution

and distilled water, were dried and stained with Coomassie brillant blue, then photographed
under ¯uorescent light.

3. Results

3.1. Protein evaluation

The protein concentration of extracts from wheat (10 g) ground by Polytron grinder
(20.52 mg/g, 2.05%) was twice as concentrated as that obtained by the household grinder
(10.37 mg/g, 1.04%). The lowest concentration was detected in wheat samples blended with
10 ml of BSS (8.34 mg/g, 0.83%) (Table 1).
Lower protein concentrations in S. granarius extracts were detected from second instar

larvae (26.58 mg/mg, 2.68%) which were about half of that of third instar larvae (58.47 mg/mg,
5.86%) and pupae (55.96 mg/mg, 5.60%) (Table 2).

3.2. Double di�usion (DD)

The undiluted antiserum was able to detect one second-instar larva (0.8 mg) of S. granarius
blended in 1.6 ml of BSS (Table 3).

Table 1
Quantity and percentage of total protein obtained from 10 g of wheat in di�erent volumes of BSS triturated by
Polytron and household grinders

Grinder (10 g wheat+BSS) Protein (mg) Mean2SD %

Polytron (30 ml) 205.27210.03a1 2.05

Household (30 ml) 103.78211.41b 1.04
Household (20 ml) 137.4027.55c 1.37
Household (15 ml) 112.2623.53b 1.12

Household (10 ml) 83.4722.44 d 0.83

1 Means within column followed by the same letter are not signi®cantly di�erent (Pe0.05).
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Crude extracts (25 ml BSS) obtained by Polytron grinder from wheat (10 g) infested with
di�erent larval instars and pupae gave no reaction with immature larvae (2nd, 3rd) or pupae,
however samples infested with two mature larvae (4th) gave positive reactions (Table 4).
Crude extracts (10±15 ml BSS) produced by the household grinder gave precipitin lines with

one larva of di�erent instars or one pupa. However, extracts from non-infested wheat
frequently produced a false positive reaction (90%) when mixed with 10 ml of BSS, and
sometimes (15%) with 15 ml (Table 4).

3.3. Immuno-osmophoresis (IO)

The undiluted antiserum by IO is able to detect one second instar larva (0.8 mg) of S.
granarius blended in 12.8 ml of BSS (Table 3).
Crude extracts (10 ml, 15 ml BSS) obtained by the household grinder from wheat infested

with one larva (2nd, 3rd, 4th instar) and one pupa produced positive reactions (Table 4).
Larvae of second and third instars formed the precipitin lines close to the Ab well while the
fourth instar larva and pupa formed a precipitin line at the midpoint between the Ag and Ab
wells (Fig. 1).
No reaction was present in extracts from non-infested wheat.

Table 2
Quantity and percentage of total protein obtained from di�erent larval instars and pupae of S. granarius in BSS

ground by all-glass tissue grinder

Weight (mg)

Protein

Stage of S.granarius Mean2SD Mean2SD (mg) %1

2nd instar 0.7820.10 20.7421.83a2 2.68
3rd instar 1.7420.32 101.7426.50b 5.86
4th instar 4.4020.19 158.18218.76c 3.59

Pupa 3.4520.85 193.0725.54 d 5.60

1 % is related to the weight of the considered stage.
2 Means within column followed by the same letter are not signi®cantly di�erent (Pe0.05).

Table 3
Dilutions of S. granarius antigen (Ag) able to form visible precipitin line with homologous antisera by double di�u-

sion (DD) and immuno-osmophoresis (IO)1

Ag dilution (2nd larva/ml BSS)

Method 1/0.05 1/0.1 1/0.2 1/0.4 1/0.8 1/1.6 1/3.2 1/6.4 1/12.8 1/25.6

DD + + + + + + ÿ ÿ ÿ ÿ
IO + + + + + + + + + ÿ
1 + Precipitin line was visible; ÿ precipitin line was not observed.
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4. Discussion

Wheat samples to be analysed by serological techniques (DD and IO) ground with a
household grinder must be triturated since it produces an extract with a vegetable protein
concentration about half of that obtained using a Polytron grinder. This type of extraction
permits blending of the sample in 10 ml of BSS instead of 25 ml required by the Polytron
grinder, increasing the concentration of the insect proteins and improving the speci®c
immunological reaction for DD and IO.
The DD technique allows one to ®nd a second instar larva, but some nonspeci®c reactions

sometimes are observed and the time of analysis is long (about 5 days). The IO method allows
one to ®nd a single second instar larva in crude extract and yields two types of precipitin lines
Ag±Ab that are characteristic for immature larvae (2nd and 3rd instar) and mature larva (4th
instar) and pupa, respectively. This can be accomplished rapidly (about 4 h) and without
positive serological responses to the wheat. The electric ®eld (25 V/cm), at a set pH of 8.6, in
fact can favour the migration and separation of di�erent proteins (Ag and Ab) in a suitable gel
of agar/agarose (8/2).
The ELISA method (enzyme-linked immunosorbent assay), based on speci®c antibodies

against myosin, has been used even to quantify the infestations of S. granarius. This technique
allows the detection of hidden insects in wheat at a level that would be of interest for wheat
acceptance in Italian ¯our mills, approximately six insects in 50 g wheat. Furthermore, the
ELISA provided an uncertain diagnosis of the second instar larva and pupa and it did not give
information on the biological stadium of the insect (Schatzki et al., 1993).
The present results clearly show that the IO technique can be applied to 50 g of wheat and

requires the preparation of ®ve samples of 10 g each. Furthermore, it gives quantitative
information on the basis of serologically positive samples.

Table 4
Serological responses of S. granarius antisera, by double di�usion (DD) and immuno-osmophoresis (IO), to extracts

from non-infested and infested wheat (10 g) in BSS triturated by Polytron and household grinders

DD IO

Larvae or pupae (n ) Polytron grinder Household grinder Household grinder

in wheat (10 g) 25 ml 15 ml 10 ml 15 ml 10 ml

4th instar (2) + + + + +

3rd instar (2) ÿ + + + +
2ndinstar (2) ÿ + + + +
Pupa (2) ÿ + + + +
4th instar ÿ + + + +

3rd instar ÿ + + + +
2ndinstar ÿ + + + +
Pupa ÿ + + + +

Wheat ÿ +(15%) +(90%) ÿ ÿ
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The reproducibility of the results, the high resolution of the analysis, and the ease and
rapidity of the application, shows the excellent prospect for employing IO as an analytical
technique to determine hidden infestations of insects in cereals. Further studies will be carried
out with the aim of detecting even single ®rst instar larvae and eggs of S. granarius and
decreasing the time of analysis.

Fig. 1. Serological responses of antisera of S. granarius, by immuno-osmophoresis to extracts from non-infested
wheat (W, 10 g) and with single 2nd, 3rd, 4th instar larvae (L) and pupae (P) in 10 ml BSS triturated by a

household grinder.
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