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Summary

Harmonia axyridis (Pallas) (Coleoptera: Coccinel-
lidae; the Multicolored Asian Lady Beetle; MALB) is
a vineyard pest in many winemaking regions of the
world due to its ability to taint juice and wine (‘ladybug
taint’) through excretion or extraction of 2-isopropyl-3-
methoxypyrazine (IPMP) when the beetles are incorpo-
rated with the grapes at harvest. A common vineyard
intervention is the use of insecticidal sprays and the re-
sulting dead beetles are often incorporated in with the
harvested fruit. The main objective of this study was to
quantify the impact of dead MALB on IPMP concen-
trations in red wine. Duplicate 'Cabernet Sauvignon'
wines were produced with the addition of 10 beetles-I"!
juice, added either live or at 1, 3, 7, or 60-days post-
mortem. A control wine with no added beetles was in-
cluded. IPMP concentration was substantially higher
in live-beetle wines, and decreased to base-line levels
at approximately 6.5 days post-mortem. These results
should assist in decisions on viticultural interventions,
such as timing of insecticidal sprays, as well as the es-
tablishment of grape quality parameters.

Key words: Harmonia axyridis, Multi-colored Asian
Lady Beetle, MALB, IPMP, vineyard pest, wine aroma, wine fla-
vour.

Introduction

Harmonia axyridis (Pallas) (Coleoptera: Coccinelli-
dae; the Multicolored Asian Lady Beetle; MALB) can be
found throughout the USA and Canada (Day ef al. 1994,
HoeBekE and WHEELER 1996, NALEPA et al. 1996), and have
also been identified in France, Switzerland, England, South
America and other winemaking countries (PICKERING and
Lin 2006). MALB can negatively affect wine quality when
present with the fermenting juice, contributing peanut, bell
pepper and asparagus aromas and flavours in white wine,
and peanut, asparagus/bell pepper, and earthy/herbaceous
aromas and flavours in red wine (PICKERING ef al. 2004).
This collection of undesirable sensory attributes consti-
tutes ‘ladybug taint’ (LBT), which is stable after bottle
ageing (PICKERING et al. 2005) and generally resistant to
common wine fining agents (PICKERING et al. 2006 a). Thus,
treating MALB in the vineyard has become an important

focus in preventing occurrence of LBT in wine. 2-isopro-
pyl-3-methoxypyrazine (IPMP), a component of Coccinel-
lidae haemolymph, has been identified as the main causal
compound of this taint (PICKERING ef al. 2005, 2006 b).
For MALB, IPMP likely serves a dual function as both an
alerting signal and an aggregation pheromone (AL ABASSI
et al. 1998). In wine, this compound has a very low hu-
man olfactory threshold, ranging from 0.32 to 2.29 ng-l",
depending on wine style and evaluation mode (PICKERING
etal. 2007 a). LBT develops when IPMP is transferred
from MALB into juice or fermenting must, while transfer
from MALB onto grapes prior to or during harvest, at con-
centrations that elicit LBT, does not appear likely (PiCKER-
ING et al. 2007 b). Tolerance limits for MALB at harvest,
below which development of LBT is unlikely, have been
estimated as approx. 1,250 and 1,550 beetles/tonne grapes
for white and red wines respectively, although a more con-
servative limit of 200-400 beetles/tonne grapes has been
suggested (PICKERING ef al. 2007 b).

LBT has resulted in significant economic losses for
vineyards and wineries (PICKERING et al. 2006 b) and fur-
ther investigations aimed at improving understanding of
the origins of this taint and development of preventative
treatments have been encouraged. A practical concern for
winegrowers, faced with MALB infestation in the vine-
yard, is that dead beetles are often incorporated in with the
harvested grapes, as they often remain resident within ber-
ry clusters post-mortem. This incorporation makes it dif-
ficult to assess the ultimate efficacy of spraying and other
interventions directed at MALB in preventing formation of
LBT in the final wine. Determining the influence of MALB
post-mortem should assist in decisions on the timing of in-
secticidal sprays, and will also be of interest to icewine/
eiswein producers. Grapes for these latter wine styles are
picked 2-3 months after the normal table wine harvest, and
where nets and machine harvesting are employed, as is the
case in much of Canada, dead MALB have been noted as
components of the harvested ‘fruit’. The main objective
of this study, therefore, was to determine the influence of
dead MALB on IPMP concentration in red wine.

Material and Methods

MALB : Live MALB were sourced from the biologi-
cal control laboratory at University of Guelph as unmated
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adults. To euthanise the beetles, they were transferred into
a glass container sealed at the top with an air lock. Carbon
dioxide gas was fed into the bottom of the chamber for
approximately 5 min. The container was then sealed and
left for 3 h. Dead beetles were transferred into a plastic
Ziploc™ container, and the top was closed with nylon to
allow for air circulation to partially reflect environmental
conditions within berry clusters in a vineyard. The contain-
er was stored at room temperature (approx. 21 °C) until the
beetles were added to the fermentation vessels.

Winemaking and treatments:
Commercial Cabernet Sauvignon juice concentrate
(Californian Connoisseur, Vineco International Products
Ltd., St. Catharines, ON) was used to make the base juice.
'Cabernet Sauvignon' was selected for the study because it
is a late-ripening variety, which are more prone to LBT as
MALB tend to migrate into vineyards later in the season,
and because it is a variety that is grown in most winemak-
ing regions of the world. The concentrate was rehydrated
following manufacturer’s instructions, and 7.5 I aliquots of
juice were separated into 10 I glass carboys in preparation
for inoculation. The rehydrated juice was then inoculated
with yeast strain EC1118 (Lallemand Inc., Santa Rosa,
California) at 300 mg-1"'. MALB were added to each carboy
at a rate of 10 beetles1"! either as live beetles or 1, 3, 7, or
60 d post-mortem. A control condition followed the same
protocol without beetles. All treatments were duplicated
and fermentations were conducted in a temperature-con-
trolled chamber at a constant temperature of 18 °C. They
were monitored daily for °Brix and temperature and, at the
completion of primary fermentation, wines were racked,
sulfited, cold-stabilised, and stored at -2 °C until required
for analysis.

Chemical and statistical analysis:
pH (ATI Orion model 550 pH meter, Beverly, MA, USA),
titratable acidity (TA; NaOH titration to end point of 8.2),
°Brix, and ethanol (ebuliometery) were determined ac-
cording to ILanD et al. (2004). The basic physicochemical
composition of the juice and wine are given in the Table.

IPMP was determined using solid-phase microextrac-
tion coupled with gas chromatography mass spectrometry
(HS-SPME-GC-MS) after Kotseripis et al. (2008). IPMP
was extracted from the headspace of juice and wine sam-
ples using SPME, and adsorbed onto a 2 cm 23 gauge
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DVB/CAR/PDMS fiber (Supelco, Bellefonte, PA). After
extraction, IPMP was desorbed in the injector, and then
onto an HP-5 column (30 m, 0.25 mm i.d., 0.25 pm film
thickness) (J&W Scientific, Folsom, CA) in an Agilent
6890GC/5973MSD. IPMP detection used selected ion
monitoring (SIM). Mass channels were m/Z = 137 and
152 for IPMP and m/Z = 140 and 155 for [°H,] IPMP.
Ions 137 and 140 were used for quantification, while ions
152 and 155 were used as qualifier ions. All samples were
analyzed in triplicate. Quantitation was achieved using an
internal deteurated (OD,) IPMP standard ([*H,] IPMP), and
is described in full in Kotseripis ef al. (2008). All chemi-
cal data were analyzed using the ANOVA procedure within
XLSTAT® version 7.5.2 (Addinsoft, 40, rue Damrémont,
75018 Paris, France). If p(F) was < 0.05, Fishers LSD was
used as the means separation test.

Results and Discussion

No differences were observed for the pH of the wine
samples, and small differences were noted in TA (Table).
These data are in general agreement with PICKERING et al.
(2005, 2007 b) who reported no or small changes in ba-
sic wine composition after MALB were added to and
fermented with white grape juice. The 1-d-post-mortem
treatment showed a higher final ethanol concentration than
other wines (p < 0.05), a finding we are unable to account
for. The Figure shows the absolute and corrected aver-
age IPMP concentrations for the wines. Fermentation in
the presence of live MALB leads to substantially higher
IPMP concentration in the finished wines. When beetles
are added at 60 and 7 d post-mortem, there is no change in
IPMP concentration beyond that derived from the grapes.
Corrected IPMP concentrations decrease by approximately
21 % between the 1 and 3 d post-mortem treatments. Using
the 1, 3 and 7 d post-mortem data points (linear regression:
y=-1.237 x + 23.411; R? = 0.983), IPMP concentration
+ 1 SD returns to that of the control wine (no added bee-
tles) after 6.5 d. The increase in IPMP concentration after
fermenting with live MALB (45 ng-1"") is higher than pre-
viously reported. PICKERING ef al. (2005), also using juice
concentrate and a rate of 10 beetles-1”!, reported an increase
of 30 ng-I"" (white wine) and 23 ng'l"! (red wine). In that

Table

Basic physico-chemical composition of 'Cabernet Sauvignon' juice and wine'

Stage of Harmonia axyridis addition to wine?

Analyte Juice Live beetles Dead Dead 3 d Dead 7 d Dead 60 d Control
1d (no beetles)
°Brix 19.8+0.1 - - - - - -
pH 345 £0.03 3.54+0.06 3.47+0.08 349+002 3.51+007 3.57+0.04 3.44+0.04
Titratable
acidity 647+0.02 624+0.03 6714004 674+0.06 664+005 621+0.04 6.74+0.03
),
Ethano na 109+05 11.9+04 114+£02 11203 108+04 11.5+02
(% VIV)

! Data represents the mean value of triplicate measurements (juice) or triplicate measurement of duplicate fermentation replicates

(wine) + standard deviation; >beetles added at 10 beetles/L juice.
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Figure: Absolute and corrected 3-Isopropyl-2-methoxypyrazine (IPMP) concentrations in 'Cabernet Sauvignon' wines produced with
addition of 10 Harmonia axyridis beetles:1" juice. Corrected mean is total concentration minus initial IPMP juice concentration. Data
represent mean values from duplicate measurements of duplicate fermentation replicates + SD. Treatment means identified with differ-
ent letters are significantly different (p(F) < 0.05, followed by Fishers LSD).

study, the analytical method employed solid-phase liquid
extraction and external standards, possibly leading to un-
der-recovery of the total IPMP load. Alternatively, small
differences in fermentation technique and/or length, or dif-
ferences in the MALB populations sampled may account
for the discrepancy. Car et al. (2007) noted differences in
the headspace concentration of IPMP between lightly and
darkly colored beetles, possibly indicating sex-based vari-
ation.

Practical perspectives and conclusion:
IPMP levels return to baseline at approximately 6.5 d post-
mortem, after which time we speculate there is minimal
risk of LBT developing in the subsequent juice or wine
from the presence of dead beetles during processing. How-
ever, this should be corroborated with sensory data. Given
that any MALB incorporated with grapes during icewine/
eiswein harvest are likely to have been dead for many
weeks, because of spraying, low ambient temperature or
other factors, LBT seems unlikely to develop in these wine
styles.

A high density of MALB was used in this study, and
‘safe’ post-mortem periods should be shorter where there
are lower levels of vineyard/grape infestation. Additionally,
exposure of dead beetles to environmental factors such as
rain and wind may reduce the ‘extractable’ IPMP content
of a beetle, and these factors are not accounted for in this
experimental protocol. As various winemaking practices,
including skin contact, juice clarification (KoTsErIDIS et al.
2008) and bottle aging (PICKERING et al. 2005) may affect
IPMP concentration in the final wine, we recommend our
results be used as a guideline to aid in decisions on grape
quality control and vineyard interventions.

Acknowledgements

The authors wish to thank the Natural Sciences and Engi-
neering Research Council of Canada, the Wine Council of On-
tario and the Grape Growers of Ontario for their financial support

of this research. Thank you to M. Droui, L. Vax ZumeN, G. Hi-
GENELL, A. BLAKE, K. KER, Dr. T. HubLicky and Dr. A. REYNOLDS,
Brock University, for technical assistance and comments. Dr. G.
SoLEAs and his team from the Quality Assurance Dept. of the Liqg-
uor Control Board of Ontario are thanked for their input.

References

AL ABAssIA, S.; BIRKETT, M. A.; PETTERSSON, J.; PickeTT, J. A.; WooDp-
cock, C. M.; 1998: Ladybird beetle odour identified and found to
be responsible for attraction between adults Cell. Mol. Life Sci. 54,
876-879.

Cal, L.; Kozier, J.; O’NEAL, M.; 2007: Determination of characteristic
odorants from Harmonia axyridis beetles using in vivo solid-phase
microextraction and multidimensional gas chromatography—mass
spectrometry-olfactometry. J. Chromatography A 1147, 66-78.

Day, W. H.; ProkryM, D. R.; ELLis, D. R.; CHIANESE, R. J.; 1994: The
known distribution of the predator Propylea Quatuordecimpunctata
(Coleoptera: Coccinellidae) in the United States, and thoughts on
the origin of this species and five other exotic lady beetles in eastern
North America. Entomol. News 105, 244-256.

HokeBekk, E. R.; WHEELER A. G.; 1996: Adventive lady beetles (Coleop-
tera: Coccinellidae) in the Canadian maritime provinces, with new
eastern U.S. records. Entomol. News 107, 281-290.

TLaND, P.; BRAUER, N.; EpwarDS, G.; WEEKS, S.; WiLks, E.; 2004: Chemi-
cal Analysis of Grapes and Wine: Technique and Concepts. Patrick
Iland Wine Promotions PTY LTD. Campbelltown Australia.

Kortseripis, Y.; Spink, M.; BRINDLE, I.; PickeriNG, G. J.; BLAKE, A. ]
SEARS, M.; SoLEAs, G. J.; INGLis, D.; 2008: Quantitative analysis of
3-alkyl-2-methoxypyrazines in juice and wine using Stable Isotope
Dilution Assay. J. Chromatography A (in press).

Lawtess, H. T.; HEymann, H.; 1998: Sensory Evaluation of Food, Princi-
ples and Practices. Aspen Publ., Gaithersburg.

NaLepa, C. A.; Kipp, K. A.; AHLsTroM, K. R.; 1996: Biology of Harmonia
axyridis (Coleoptera: Coccinellidae) in winter aggregations. Arthro-
pod Biol. 89, 681-685.

OMAF; 2006: Ontario Ministry of Agriculture, Food and Rural Affairs
Fruit Production Recommendations 2006-2007 Publication 360.
Queen’s Printer for Ontario. Toronto.

PickerRING, G. J.; KARTHIK, A.; INGLIS, D.; SEars, M.; Ker, K.; 2007 a:
Determination of ortho- and retro-nasal detection thresholds for 2-
isopropyl-3-methoxypyrazine in wine. J. Food Sci. 72, 468-472.

PIcKERING, G. J.; KER, K; SoLEAS, G. J.; 2007 b: Determination of the criti-
cal stages of processing and tolerance limits for Harmonia axyridis
for ‘ladybug taint’ in wine. Vitis 46, 85-90.



230

PickerING, G. J.; LIN, Y.; 2006: Asian Lady Beetle (Harmonia axyridis)
and wine quality. In: R. Dris (Ed.): Crops: Growth, quality and bio-
technology. III. Quality management of food crops for processing
technology, 778-784. WFL Publisher, Meri-Rastilan tie 3 C, Hel-
sinki, Finland.

PIckERING, G. J.; LIN Y.; KER K.; 2006 b: Origin and remediation of Asian
Lady Beetle (Harmonia axyridis) taint in wine. In: R. Dris (Ed.):
Crops: Growth, quality and biotechnology. I1I. Quality Management
of food crops for processing technology, 785-794. WFL Publisher,
Meri-Rastilan tie 3 C, Helsinki, Finland.

G. J. PICKERING et al.

PIckERING, G. J.; LIN, J.; REYNOLDS, A.; SoLEAS G.; RIESEN, R.; 2006 a: The
evaluation of remedial treatments for wine affected by Harmonia
axyridis. Int. J. Food Sci. Technol. 41, 77-86.

PickERING, G. J.; LN, Y.; REYNOLDS, A.; SOLEAS, G.; RIESEN, R; BRINDLE, 1.;
2005: The influence of Harmonia axyridis on wine composition and
aging. J. Food Sci. 70, 128-135.

PickERING, G. J.; LN, J.; RIESEN, R.; REYNOLDS, A.; BRINDLE, I.; SOLEAS, G.;
2004: Influence of Harmonia axyridis on sensory properties of white
and red wine. Am. J. Enol. Vitic. 55, 153-159.

SpiNk, M.; 2007: The Influence of Harmonia axyridis Morbidity, Yeast
Strain and Clarification on Ladybug Taint. BSc (Hons) Thesis,
Brock University, Ontario, Canada.

Received October 8, 2007



