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Dissipation of benzoylurea insecticide teflubenzuron in grapes exposed to field treatments was
evaluated. Vines of a white grape vineyard located in central Greece were sprayed twice, at a 28-
day interval, with a commercial formulation of the insecticide at 12 g of active ingredient/100 L.
Residues were determined by HPLC diode array detection, after ethyl acetate extraction and cleanup
on silica phase cartridges, with a detection limit of 0.005 mg/kg. Under field conditions teflubenzuron
residues in grapes were found to be very stable with no significant reduction for the whole
experimental period of 49 days. However, residues were slightly lower than the maximum residue
limits set by individual countries. The fate of teflubenzuron during the vinification process was
also studied. Residues were found to be transferred completely into the must but, due to their high
affinity for the suspended matter, were removed by ∼98%; thus, very low concentrations were
detected in the produced wine. Among various clarifying agents studied, charcoal was the only one
found to be effective for removing teflubenzuron residues from wine.
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INTRODUCTION

The use of insecticides in viticulture is a major issue
for grape protection against pest diseases, and their use
is therefore important in grape productivity and wine
quality. Thus, assessment for their presence and the
concentration of residues of phytosanitary products on
grapes and in their processed products, such as wine,
is of particular interest. However, studies on insecticide
residues in grapes and their fate during wine-making
are quite limited (Cabanis and Cooper, 1991; Cabras et
al., 1983, 1995; Sala et al., 1996) and more are required.

Teflubenzuron [1-(3,5-dichloro-2,4-difluorophenyl)-3-
(2,6-difluorobenzoyl)urea] is a nonsystemic insect growth
regulator with stomach action, belonging to the benz-
oylurea family of insecticides, which is used for the
control of the grape moth (Lobesia botrana), the most
widespread and harmful insect with regard to grapes.
It is also recommended for the control of Lepidoptera,
Coleoptera, Diptera, Aleyrodidae, Phyllidae, and Hemi-
ptera larvae in other crops such as pome, stone, citrus
fruits, and vegetables (British Crop Protection Council
and Royal Society of Chemistry, 1994). The preharvest
interval (PHI), that is, the number of days from final
application to harvest, for teflubenzuron in grapes is 40
days in Greece. No maximum residue limits (MRLs)
have been set by the European Union or by the FAO
for this compound in grapes.

Very limited data are reported concerning the dis-
sipation of teflubenzuron in agricultural products, for
example, in pears (Aplada-Sarlis et al., 1999), and there

is lack of published data for the fate of this insecticide
in grapes and in the produced must and wine.

The aim of this work is to evaluate teflubenzuron
residue levels in grapes exposed to field treatments and
to study the fate of teflubenzuron during the vinification
process. The influence of different clarifying substances
on the removal of residues from wine will also be
studied.

EXPERIMENTAL PROCEDURES

Field Experiment. The experimental trial was carried out
in a white grape vineyard (cv. Roditis), located at Aghialos, in
the vicinity of Volos, in central Greece. The vines were spaced
1.2 m from each other and 1.8 m between rows, and during
the experimental period they received routine horticultural
practices. The experimental area consisted of two plots of 32
plants each; one was treated with teflubenzuron, and the other
was used as the control. In the first plot, the grapevines were
sprayed twice, on August 1 and 29, 1997, with a 15% teflu-
benzuron formulation (Nomolt 15SC) at the recommended dose
(12 g of active ingredient/100 L of water) using a pressurized
hand-gun applicator at high volume to run off. To protect the
grapes against pest attack, the grapevines of the control plot
were often sprayed with a Baccilus thuringiensis formulation.
The average minimum/maximum daily air temperatures were
17.4 °C/28.4 °C for August, 12.9/23.5 °C for September, and
10.5/21.8 °C for October. The average relative humidity ranged
from 63.5% in August to 70% in October, and the rainfall was
10.6 mm in August, 13.0 mm in September, and 18.6 mm in
October.

Sampling. The grape samples intended for residues analy-
sis were taken by randomly collecting parts of bunches from
separated vines according to FAO/WHO (1986) recommenda-
tions. The overall sample weight was 1-1.5 kg. Grape samples
were forwarded to the laboratory, blended, subdivided into 50-g
aliquots as analytical replicates, and stored in individual bags
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at -18 °C until extraction. For studying the dissipation of
teflubenzuron on grapes, samples were collected from both
experimental plots just before the last application (-0 days
sample), at 2 h post-spray from dry plants (0 days sample),
and at 2, 4, 7, 10, 14, 17, 21, 24, 28, 31, 35, 42, and 49 days
after the last treatment. For studying the fate of teflubenzuron
residues from vine to wine, samples (∼30 kg of grapes collected
from all vines of the plot) were taken at 14, 28, 35, and 42
days after the last treatment and processed to produce must
and wine. Wine was also produced from grapes collected from
the control plot, to be used as control wine.

Vinification Processing. The vinification procedure was
performed at laboratory scale with the usual white wine
production method. After the grape samples had been pressed,
0.1 g/L sodium metabisulfite and 0.2 g/L dry yeast were added
in the produced must and the must was allowed to ferment at
room temperature. Alcoholic fermentation had a regular course
in all samples, and after 20 days, the obtained wine was
filtered and analyzed for teflubenzuron residues. For evaluat-
ing the affinity between teflubenzuron residues and the
suspended matter of the must, a 2 × 100 mL aliquot of cloudy
must was taken and centrifuged at 4000 rpm for 10 min, and
the obtained clear must was kept frozen until analysis.
Clarification tests were also carried out on 1-L samples of the
fermented wine to evaluate the effect of clarifying substances
on removing teflubenzuron residues. For clarifying wine, the
following substances were used at the indicated doses: ben-
tonite at 0.4 g/L, charcoal at 0.2 g/L, polyvinylpolypyrrolidone
(PVPP) at 0.4 g/L, cellulose at 0.3 g/L, potassium caseinate at
0.4 g/L, and colloidal silicon dioxide plus gelatin at 0.5 and
0.05 g/L, respectively. Must, clear must, and unclarified and
clarified wine, as well as control wine, were conserved at -18
°C until all samples were analyzed together.

Chemicals. Analytical standard of teflubenzuron (certified
>97.4%) was supplied by Cyanamid. Stock (1000 ppm) and
working standard solutions were prepared in methanol. Metha-
nol and water were of HPLC grade, and the other solvents
were of pesticide residue grade; all solvents were obtained from
Lab-Scan. Anhydrous sodium sulfate and bisulfate were of
proanalysis grade (Merck). C18 and silica SPE cartridges (500
mg/3 mL) were purchased from Isolute. Bentonite, charcoal,
PVPP, cellulose, potassium caseinate, gelatin, and colloidal
silicon dioxide were commercial grade products.

Analytical Procedures. All grape, must, and wine samples
were analyzed for teflubenzuron residues by high-performance
liquid chromatography, with a UV diode array detector. Grape
and must samples after solvent extraction were cleaned up in
silica cartridges, and wine samples were solid phase extracted
in C18 cartridges, according to a method for benzoylurea
determination in grapes and wine (Miliadis et al., 1999).
Extraction and cleanup are briefly described below.

Grape and Must Extraction Procedure. Fifty grams of
homogenized sample was blended with 100 mL of ethyl acetate
and 50 g of anhydrous sodium sulfate, and 50 mL of the filtered
extract was evaporated to dryness. The residue was redissolved
in 5 mL of hexane, and 1 mL of the solution was cleaned up
in a silica cartridge, preconditioned with 10 mL of hexane. The
residues were eluted with 2 mL of 2-propanol/dichloromethane
(1:9), and the solution was dried under a gentle nitrogen
stream, redissolved in 1 mL of MeOH, and filtered through a
0.2 µm filter in a sealed vial ready for HPLC analysis.

Wine Extraction Procedure. Ten milliliters of wine was
diluted with 30 mL of water, and teflubenzuron was extracted
on a C18 SPE cartridge preconditioned with 3 mL of acetone,
4 mL of 20% ethanol in water, and finally 4 mL of 2.5% ethanol
in water. Diluted wine samples (40 mL) were passed through
the cartridge under manual positive pressure with the aid of
a glass syringe. After a rinse with 4 mL of 2.5% ethanol in
water and removal of solvent residues by passing air, tefluben-
zuron residues were eluted from the cartridge with methanol
until 2 mL of eluate had collected in a volumetric flask. The
extract was filtered through a 0.2-µm filter in a sealed vial
ready for HPLC analysis.

HPLC Determination. Chromatographic analyses were per-
formed with a Hewlett-Packard, Model HP 1090 Series II

liquid chromatograph, equipped with a UV diode array detec-
tor and an ODS Hypersil C18 column, 250 × 2.1 mm, 5-µm
particle size. The mobile phase was methanol/water, delivered
at a flow rate of 0.3 mL/min with a gradient composition,
consisting of 10% v/v methanol for 5 min, a linear increase
over 15 min to 64% methanol, then an increase to 100%
methanol over 20 min, and finally a decrease at 10% v/v
methanol over 2 min, giving a total run time of 42 min. The
injection volume was 20 µL, the column temperature was 42
°C, and the detection wavelength was set at 260 nm. Under
these conditions the retention time for teflubenzuron was ∼28
min.

RESULTS AND DISCUSSION

Method Efficiency. The described methods of analy-
sis of teflubenzuron residues in grape and must and in
wine samples are relatively simple, and the cleanup of
the extracts is sufficient, as can be seen from the
chromatograms in Figure 1. The detector response was
linear in the investigated range of concentrations, with
a correlation coefficient r ) 0.9995 (N ) 5). Residue
determination in samples was made by comparing the
area of teflubenzuron peak in the sample’s chromato-
gram with the respective area of standard solutions and
quantification with the external standard method.

The efficiency of the method was evaluated by spiking
control grape and wine samples with teflubenzuron at
various levels covering the concentrations determined
in the field samples. All recovery values (Table 1) are

Figure 1. Typical HPLC chromatograms from analysis of
teflubenzuron residues: (a) fortified grapes at 1 mg/kg; (b) field
grapes 14 days after treatment; (c) must from grapes collected
14 days post-treatment.
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within accepted levels for residue determination ranges
(Greve, 1984). The method’s detection limit (Su, 1998)
was evaluated to be 0.005 mg/kg in grapes and 0.005
mg/L in wine.

Dissipation of Residues in Grapes. Teflubenzuron
residues in grape samples at various time intervals
following the last application are presented in Table 2.
As seen from these data teflubenzuron deposit remain-
ing on grapes from the first application (-0 days
sample) was 0.36 mg/kg, and initial deposit, immedi-
ately after the last application, was 0.89 mg/kg. There-
after, teflubenzuron residues remained remarkably
stable for the whole experimental period of 49 days,
indicating high stability of the molecule. The variation
of residue values in grapes was from 0.79 to 1.01 mg/
kg and seems to be independent of time for the experi-
mental period of 49 days. For this period time, it should
be noted that the grapes had attained their final growth
state and, therefore, any diluting effect was negligible.
No residues of teflubenzuron were detected in all
analyzed control grape samples. The recorded teflubenz-
uron residue levels in grapes can be compared only with
individual countries’ MRLs due to the absence of EU or
FAO/WHO MRLs. Italy, a country with climatic condi-
tions similar to those of Greece, has set 1 mg/kg as the
MRL. Teflubenzuron residues found in grapes were in
general lower but quite close to this MRL value.

Residues in Wine. Teflubenzuron residues trans-
ferred from grapes into the must and through the
vinification process into the wine are also presented in
Table 2. As seen from these data, residues in must were
found to be slightly higher than in grapes, indicating
possibly that teflubenzuron does not remain on the solid
commodity of the fruit but is completely transferred in

the juice product. However, after centrifugation of the
must, teflubenzuron residues disappeared almost com-
pletely, indicating that teflubenzuron is thoroughly
adsorbed by the suspended solids in the must. The same
great affinity of teflubenzuron for the suspended matter
is shown from the great reduction of residues during
wine-making. In fact, on passing from grapes to wine,
teflubenzuron concentration was reduced by ∼98% and
residues found in wine, as shown in Table 2, were from
0.013 to 0.017 mg/L, values slightly above the method’s
detection limit. Wine that was obtained after fermenta-
tion with the maceration technique (with the skins)
showed the same residues (0.015-0.020 mg/L), indicat-
ing that residues are not dependent on the vinification
technique.

The effect of clarification treatment on teflubenzuron
residues in wine is presented in Table 3. As seen from
the data of this table no residue was detectable when
charcoal was used for clarification, whereas the other
clarifying agents showed scarce effectiveness. These
results are in agreement with the results of Cabras et
al. (1995), who studied the effectiveness of these agents
on removing residues of other insecticides from wine.

Conclusions. Teflubenzuron residues found in grapes
for seven weeks following application were very stable,
and this is attributed to the stability of the insecticide
molecule against biological and environmental factors
and to the absence of the dilution effect, because the
grapes attain their final growth state before the last
treatment. Grape processing into wine caused almost
complete residue reduction as shown from the very low
concentrations found in wine, and this is attributed to
the significant adsorption of teflubenzuron on the
suspended matter during the vinification procedure.
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