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Fate of Pesticides during the Winemaking Process in Relation
to Malolactic Fermentation
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The effect of red wine malolactic fermentation on the fate of seven fungicides (carbendazim,
chlorothalonil, fenarimol, metalaxyl, oxadixyl, procymidone, and triadimenol) and three insecticides
(carbaryl, chlorpyrifos, and dicofol) was investigated. After malolactic fermentation using Oenococcus
oeni, which simulated common Australian enological conditions, the concentrations of the active
compounds chlorpyrifos and dicofol were the most significantly reduced, whereas the concentrations
of chlorothalonil and procymidone diminished only slightly. The effect of these pesticides on the activity
of the bacteria was also studied. Dicofol had a major inhibitory effect on the catabolism of malic acid,
whereas chlorothalonil, chlorpyrifos, and fenarimol had only a minor effect.
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INTRODUCTION complexity (5). A loss of fruit aroma and the reduction of
varietal characters have also been reported (1). MLF can be
inhibited by sulfur dioxide concentrations above 50 mg/L, pH
values below 3.3, and ethanol concentrations above 14% (v/v)
(6). Whereas any one of these conditions alone may not affect
MLF drastically, it is usually a combination of these conditions
that leads to inhibition of activity, the degree of which is strain
dependent (1—36). Temperatures between 18 and°Z5and

d low oxygen concentrations are preferred for MLF because LAB
fall in the range of microaerophilic to facultatively anaerobic

Malolactic fermentation (MLF) is a bacterial process chiefly
employed to decarboxylate(—)-malic acid toL-(+)-lactic acid
enzymatically. This process is carried out by lactic acid bacteria
(LAB), which include the generaactobacillus,Oenococcus
(formally Leuconostoy; andPediococcusOf the species within
these generaDenococcus oeniO. oen) is the predominant
organism used in Australian winemaking (1).

MLF is also a deacidification step as the diacidic malic aci
is converted to the monoacidic lactic acid, liberating carbon .
dioxide (1—3). This results in a decrease in titratable acidity organisms (3). . . .
and an increase in pH of the wine. This may be desirable for In red wines MLF occurs often without inoculation and may

highly acidic wines, but for Australian wines, which tend to be Proceed after inoculation. MLF occurs in only a small portion
made from ripe grapes with low acidity, an acid addition is of yvhlte wines with or without |no_culat|on. Malola_ctlc fermen-_
usually required during the winemaking process for desirable f@tion can occur naturally or be induced by adding a bacterial
mouthfeel. Tartaric acid is added to achieve this characteristic. Starter culture. The wine is usually inoculated during or soon
Some authors report that tartaric acid is not metabolized by LAB &ftér the alcoholic fermentation and is monitored by the
(1—3). However, evidence for the metabolism of tartaric acid dePletion of malic acid using a chromatographic or enzymatic
by lactic acid bacteria has been reported by Ribéreau-Gayon eSSy (1=3). . . .

al. (4). The increase in pH caused by MLF can also affect the Several studies have investigated the concentration of pes-
intensity of color in red wine. Susceptibility to bacterial spoilage ticide residues under different typical winemaking conditions
is also diminished after MLF as LAB are nutritionally fastidious, (7—14), which often involve MLF. Malolactic fermentation will
and so the resulting wine is depleted of nutrients that otherwise SOCMetimes progress more slowly than desired. In addition to
could support further microbiological activity,(2). The sensory ~ the causative conditions outlined above, some studiedg,
properties of the wine are altered by malolactic fermentation. 14) have directly or indirectly investigated the effect of pesticide

Diacetyl is produced, which can give a buttery character adding résidues on the rate of MLF, and a few studisg, 11) have
investigated the effect of this process on the concentration of
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Table 1. Data from Chemical Analysis of the Shiraz Wine Used in

Ruediger et al.

Table 2. Pesticides and Levels Used in This Study

This Study

concn solubility®
pH 3.35 pesticide? chemical family (mglL) MRLb (mglL)
e o 01 i goes |
total SO (mg/L) 2 carbendazim  benzimidazole 3.0  Australian 29
0.1  Canadian
321';3;6 a:igiltj;t(% S/E)(g”‘) 8% 4 chlorothalonil  benzene dicarbonitrile ~ 1.0¢  Australian 0.81
alcohol content (% v/v) 13.2 ) - . 01 Canadl_a n
malic acid content (gL) 396 fenarimol pyrimidinyl carbinol 0.1 Australian 13.7
. b : metalaxyl acylalanine 10  Australian 8400
pesticide content® (mg/L) metalaxyl 0.013 oxadivyi yiidide 50 Australian 3400
2Total SO; is the sum of free and bound SO,. » The metalaxyl present at this . . o 0.1 Canadian
trace level will have little or no influence on the outcome of the results as a much procymidone  dicarboximide 20 Australian 45
higher level had no effect on MLF (Table 3). No other pesticides were detected dimenol ! 8; ganadl[an 6
when the wine was analyzed by the multiresidue assay as outlined in Ruediger et triadimeno azoe ' ustralian
Il (1 0.1  Canadian
al. (17). insecticides
carbaryl carbamate 50  Australian 120
(O. oeni) was affected by the presence of certain pesticides. W hosoh 1-8 Japa"?_se
Due to the very low number of published studies in this area ~ ¢Mo'PYM0s  0rganopnosphorus (1)'1 é‘;ﬁgﬁiﬁ: 14
and because no such trials have bee_n conducted in Augtralia, dicofole organochlorine 50f  Australian 08
this study was undertaken to determine the fate of pesticides 2.0  European Union

that are commonly used in Australian viticulture, under Aus-

. . . . a ici I b i
tralian winemaking conditions. The structures of these pesticides have been published (17, 18). ® Maximum

residue limit. ¢ Solubilities are in water (18).  The Australian MRL is 10 mg/L.
The solubility of chlorothalonil in water is 0.81 mg/L but greater in organic solvents.
MATERIALS AND METHODS A solubility test in wine, which contains between 10 and 15% ethanol, indicted
Materials. Wine and Bacterial StrainThe wine used was a that chlorothalonil was soluble above 1.0 mg/L. ©Both the ortho,para (op) and
commercially prepared Shiraz wine, and a sample of the commercial Para,para (pp) isomers were studied in the ratio of 20:80, respectively (as they
batch was collected from a winery for use in this study. No $@s occur in the commercial formulation), and quantified separately. ' The solubility of
added to the must prior to fermentation, and there was minimal changedicofol in water is 0.8 mg/L but greater in organic Solvents. A solubility test in
in SO, concentration during fermentation. The wine was reductively Wine, which contains between 10 and 15% ethanol, indicted that dicofol was soluble
handled pre- and postfermentation. The wine was analyzed for pH and@bove 5.0 mglL.
titratable acidity according to the method of Amerine and Oug$),( ) . . ) ) )
free sulfur dioxide and total S@vere analyzed according to the method anaerobic conditions. The s_terlle bottles were fitted with a sampling
of Rankine and PocockL6), volatile acidity was analyzed by steam ~ POrt protected by a 0.4pm filter and an air lock. Fermentation was
distillation using a modified Markham still, glucose plus fructose and allowed to proceed for 52 days, after which 50 mg/L.Sas added
malic acid were determined enzymatically, alcohol concentration was &S Potassium metabisulfite, mixed thoroughly, and allowed to settle at
determined by near-infrared spectroscopy, and pesticide residues used 'C for 2 days. The samples were then centrifuged at 3000 rpm for
in the study were analyzed according to the method of Ruediger et al. 10 min and analyzed for residues _of the _added pesticide. All treatments,
(17) (Table 1). After analysis, the wine was stored under refrigeration and control sample_s the_tt were spiked with solver_lt or_1|y_ to determine if
with no ullage and sterile filtered, as described below, prior to the solvent would inhibit MLF, were conducted in triplicate.
inoculation. The bacterial strain used was Laltinoenos(O. oeni) _ Extraction Procedure, Chromatographic Analysis, and Valida-
EQ54 (Lallemand S.A.). tion. The extraction proceqlure,_chroma_tographlc anal_y5|s, and vall_datlon
ChemicalsThe pesticides used in this study were of analytical grade, Were performed as described in Ruediger etla) (which also details
that is, 95% or greater purity, verified by gas chromatograghgss the use qf cahbrant; in matrix and ar)alytlcal controls. S
spectrometry (GC-MS), and as defined in Ruediger et al. (17). Each of Stat_lstlcal Analy_S|s.Each fermentation was (_:onducted in triplicate,
the 10 pesticides used in this study is from a major chemical family and 1in 10 extractions gnq _analyses was duplicated. To asses_s_whether
(seeTable 2) as defined by the British Crop Protection CountB) a ferme_ntatlon had a significant effect on the re_moval of pesticides, a
and were used at levels equivalent to the Australian maximum residue C0mparison was made of the 95% confidence intervals (two standard
limit (MRL) (19). When a MRL set by a country importing large  €rrors of the mean), for the pre- and postfermentation concentrations.
guantities of Australian wine is lower than the Australian MRL, then
that level was also included in the stud$9( seeTable 2). The
pesticides were selected on the basis of their common use in Australian
viticulture and to ensure coverage of a wide variety of chemical families.

The solvents were of pesticide grade or better, and all other reagents . . . .
were of analytical grade. mercially prepared red wine of this type, which has been

Malolactic Fermentation Procedure. The wine was filtered through ~ carefully handled and which has completed primary alcoholic
a glass fiber filter (Gelman Sciences, Ann Arbor, MI), then through a fermentation but has not undergone malolactic fermentation.
0.8um membrane (Gelman Sciences), and finally through a sterile 0.2  Table 3 reports the percentage changes of the various
um capsule filter (Sartorius, Gottingen, Germany). Wine (500 mL) was pesticide concentrations and percentage decrease of the malic
aseptically transferred to sterile bottles, each spiked with one of the gcid concentration with respect to the appropriate control for
pesticides at the appropriate level (as definedable 2) and mixed the red wine.
thoroughly. Spiking volumes varied from 24 to 1.5 mL, and so the MLF resulted in little or no significant reduction in pesticide
wine was not s_|gn|f|cantly C."IUted' A s_ar_nple (50 mL) was tak_en for_ concentrations except for chlorpyrifos and dicofol. Chlorpyrifos
triplicate analysis, to determine the pesticide residue concentration, prior trati d d bw70% at both trati
to MLF. The remaining wine was inoculated with a 4% (w/v) rehydrated concentrations were reduce by 70 al both concentration
0. 0eni(EQ54) suspension (1QfL), as described by the manufacturer, 1€Vels. The total dicofol concentration was reduced=80%,
to give an inoculation rate of 1 x 10° colony-forming units (CFU)/ ~ With the para,para isomer being reduced %0% and the

ortho,para isomer being unaffected. This trend was observed at

mL and mixed thoroughly. The inoculated wine was aseptically
transferred into three sterile bottles and fermented af@Qunder both concentration levels. Chlorothalonil concentration was

RESULTS AND DISCUSSION

The chemical profile of the wine is shown Treble 1. The
data presented can be considered to be typical for a com-
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Table 3. Mean? Percent Residual Pesticide Remaining in of analytes most susceptible to the so-called “matrix-induced
Postmalolactic Fermentation Treatment and Mean? Percent Reduction chromatographic response enhancement” effect (20—25). This
of Malic Acid for a Shiraz Wine phenomenon can lead to recoveries 0100% [or indeed

>150% (24)] in regard to the GC analysis of pesticid2s, (

% reduction of 26). The effect as defined by Erney et &0f is seen when

pestiide POSEMLF (%) malic acid concn? improved chromatographic peak shape and intensity of the
carbary! high 125¢ 91 compounds of interest are observed when the analytes are
. low 103 92 injected in the presence of a complex matrix (such as a wine
carbendazim high 78¢ 102 o S
low 78 103 extract). When no matrix is present (or the matrix is simpler),
chlorothalonil high 66° g2e then poorer peaks with lower responses result for the same
. low 81 84¢ susceptible compounds, even though they are present in the
chlorpyrifos high 2r s matrix at the same concentration. The accepted explan&@n (
low 32¢ 76¢ ) . : :
dicofol op¢ high 111 f 25,26) is that the matrix components protect against the active
low 107 f sites within the GC system; thus, there are lower levels of loss
dicofol pp? high 58¢ f of the compounds of interest leading to better chromatographic
. low 562 fe peak shapes and higher intensities. Hydrogen bonding has also
dicofol tota L‘)'a,h 229 129 been implicated as an important factor in analyte interactions
fenarimol 187¢ g4e with active sites (see, e.g., ref§ and27). We have taken every
metalaxyl 99 101 reasonable action to ensure that possible matrix degradation and
oxadixyl high 116 96 enhancement effects are kept to a minimum, such as optimizing
procymidone ';’Ig’h g§ 1?(739 the GC-MS conditions and e_nsuring that samples_ are a_nalyzed
low 76¢ 97 versus calibrants made up in the same matrix (i.e., wine), as
triadimenol high 113¢ 95 detailed in Ruediger et al. (17).
low 134¢ 99 In conclusion, malolactic fermentation usi@g oeniresulted
2 Mean of triplicate determinations. ? Percent reduction compared to the controls in little change Ir_] pest|C|de_ residue Concentratlor_]s except in the
taken as 100%. € op = ortho,para isomer. ¢ pp = para,para isomer. ¢ Indicates a case of chlorpyrifos and dicofol. In the case of dicofol, the loss
significant difference compared to the pre-MLF concentration (p < 0.05). /Both was for the para,para isomer, whereas the ortho,para isomer was
the op and pp isomers are present in the ratio of 20:80 respectively as per unaffected. The concentrations of chlorothalonil and procymi-
commercial dicofol formulations, which were added to the wine as a combined done diminished only slightly. MLF was generally unaffected
reference standard, hence we did not study the effect of the individual purified by the presence of pesticide residues except in the case of
isomers on MLF separately. dicofol, which had a major inhibitory effect at the concentrations

used. Chlorothalonil, chlorpyrifos, and fenarimol appeared to
mildly reduced (35%) at the higher concentration. Some have a minor inhibitory effect. The level of residual pesticides
reduction in procymidone concentration was observed (25%) found in Australian wines has repeatedly been found to be
but only at the lower concentration. These reductions of pesticide extremely low and in full compliance with legislated MRLs in
concentrations could possibly be due to the absorption onto thedomestic and export markets. The fact that the high concentra-
bacterial cell walls, rather than chemical or biological degrada- tions of most pesticides had little effect on MLF indicates that,
tion as shown by Cabras et ab, (11), who determined the  at the concentration at which these compounds normally occur

concentrations of pesticides remaining in the bacteria. ~in wine (if at all), these pesticides are not responsible for the
MLF was generally unaffected by the presence of pesticide sluggish progress of MLF. In the case of dicofol, however, a
residues except in the case of dicofol, where onty1l8% of substantial slowing of MLF was observed when this compound

the malic acid was metabolized. Dicofol can be hydrolyzed to was present at high concentration. The effect of dicofol at lower
the corresponding benzophenone and chlorofdm énd either concentrations remains to be tested.

the parent compound, the hydrolytic products, or a combination

of all three compounds could have a detrimental effect on the ABBREVIATIONS USED
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