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Figure 1. Biogenic volatiles were collected by solid-phase microextraction (SPME) released from grape
skin. A glass vial was modified for vacuum-assisted SPME of volatile organic compounds (VOC)s from
a single grape. The vacuum was created with a syringe prior to SPME, so the vial was adhering to the
skin and sealing headspace for SPME.

3.4. Biogenic Volatiles from Whole Grape Clusters on the Vine

Sampling chambers for the non-destructive detection of in vivo volatile metabolite were made from
a rectangular sheet of PVF film, folded over itself, and heat-sealed on three sides (Figure 2). The PVF
chambers were held open with an inner aluminum cage frame, allowing the chambers to be supported
during sampling, and providing a consistent ~5 L headspace for sampling capacity. The PVF chambers
were fitted with custom SPME sampling ports, consisting of an 11 mm polytetrafluoroethylene (PTFE)
port and PTFE-lined silicone septa. These chambers with attached sampling ports for SPME insertion
were preconditioned by thermal desorption before first use at 107 ◦C for 48 h. The PVF chambers
were also cleaned prior to each sampling by rinsing in deionized water and oven baked overnight at
107 ◦C. Cleaned chambers were wrapped in aluminum foil for transport and to minimize the risk of
light-induced changes to sample integrity. Aluminum wire support cages were also kept in an aluminum
lined box. PTFE-lined silicone septa were replaced after each sampling (lasting 30 min).

Figure 2. Biogenic volatiles were collected with SPME using an enclosure made from a polyvinyl
fluoride (PVF) film to temporarily envelop a whole growing cluster of grapes (left). SPME is inserted
into enclosure via a sampling port (right).
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3.5. Volatiles Released from Crushed Grape Berries

Berries were collected from each cultivar on the same day and time of in vivo sampling. Five
berries were collected from clusters adjacent to the cluster tagged for in vivo sampling (i.e., from the
same vine but a different cluster than the in vivo sampled berries). Collected berries were frozen
prior to analysis and stored in a −20 ◦C freezer. Berries collected in South Dakota were also frozen
and shipped on blue ice blocks overnight for analysis in Iowa. Frozen berries were hand-crushed
in the lab, placed into 20 mL amber screw top vials (P/N: 16-6000, Wheaton, Millville, NJ USA)
with PTFE/silicone septa. A CTC CombiPal (LEAP Technologies, Carrboro, NC, USA) was used
for automated SPME sampling. Briefly, the vials were agitated and heated to 50 ◦C for 10 min,
followed by 30 min agitated headspace sampling using a 65 µm PDMS/DVB SPME fiber. The fiber
was thermally desorbed under a flow of helium prior to each sample exposure. Optimized SPME
parameters (sampling time, extraction temperature) were determined, data not shown.

3.6. Data Acquisition and Analysis

A custom multidimensional GC was used (Microanalytics, a part of Volatile Analysis Corporation,
Round Rock, TX, USA), built on a standard Agilent 6890 platform (Agilent Technologies, Santa Clara,
CA, USA). System automation and data acquisition software were MultiTrax v. 6.00.1 (Microanalytics,
Round Rock, TX, USA) and ChemStation E.01.01.335 (Agilent Technologies, Santa Clara, CA, USA).
Chromatography was performed on two capillary columns connected in series. The use of conventional
retention indexes (e.g., Kovats retention index) is not appropriate for identification in this type of column
configuration. The first column was 5% phenyl polysilphenylene-siloxane (30 m × 0.53 mm inner
diameter × 0.5 µm thickness, Trajan Scientific, Austin, TX, USA) with a fixed restrictor pre-column.
The second polar column was bonded polyethylene glycol in a Sol-Gel matrix (30 m × 0.53 mm inner
diameter × 0.5 µm thickness, Trajan Scientific, Austin, TX, USA). The midpoint between the two columns
was maintained at a constant pressure of 0.39 atm by a pneumatic switch. In this research, all effluent
from the first column was directed into the second analytical column, that is, no heartcutting was
performed. True multidimensional analyses were not performed (i.e., the system was used in full
heartcut mode), meaning separation was performed on both columns in series. Effluent from the second
polar column was simultaneously directed to a single quadrupole mass spectrometer (MS) (Model 5973N,
Agilent Technologies, Santa Clara, CA, USA) and an olfactometry (sniff) port via an open spit interface
at atmospheric pressure. The sniff port was equipped with a purge flow controller and supplied with
humidified air at 0.54 atm. Flow to the MS and sniff port was determined by fixed restrictor columns,
one part to the MS and three parts to the sniff port. Olfactometry was not utilized in the research.
The GC inlet was operated in splitless mode at 250 ◦C. GC oven parameters started with an initial
temperature of 40 ◦C, held for 3.0 min, followed by a 7 ◦C per min ramp to 240 ◦C, held for 8.43 min.
Total run time was 40 min. Carrier gas was ultra-high purity (UHP) helium (99.999%, Airgas, Des Moines,
IA, USA). Temperatures of the sniff port and MS transfer lines were 240 ◦C and 280 ◦C, respectively.
MS full scan range was set from 34 m/z to 350 m/z. Scans were collected in electron ionization (EI)
mode with an ionization energy of 70 eV. MS heated zones for quadrupole and source were 150 ◦C and
230 ◦C, respectively. Daily tuning of the MS was performed with perfluorotributylamine (PFTBA) before
each analysis.

Identification of compounds was performed using the Automated Mass Spectral Deconvolution
& Identification System (AMDIS) target library search with at least 80% mass spectral match [8]. Target
libraries included (a) the 6 libraries that are included with the AMDIS program, (b) an onsite library
created from analysis of pure standards (200+ compounds), and (c) NIST11 mass spectral library.
Retention times were also verified with pure standards.
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4. User Notes

Table S1 presented in spreadsheet format in Supplemental Materials has the same layout of
columns and column headings as in Table 1. The data in Table S1 can be sorted and ordered. Nearly
4800 rows of data are available.

Supplementary Materials: The following are available online at http://www.mdpi.com/2306-5729/4/1/22/s1,
Table S1: Summary of biogenic volatiles emitted from four cold-hardy grape cultivars during ripening.
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curation, S.R. and J.A.K.; writing—original draft preparation, S.R.; writing—review and editing, S.R., A.F., J.A.K.,
and M.D.; visualization, S.R.; supervision, J.A.K. and M.D.; project administration, J.A.K. and M.D.; funding
acquisition, M.D. and J.A.K.
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new and growing rural wineries.” In addition, this project was partially supported by the Iowa Agriculture and
Home Economics Experiment Station, Ames, Iowa and USDA National Institute of Food and Agriculture, Hatch
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Production Systems: Seeking Solutions through Focused Facilitation) is sponsored by Hatch Act and State of
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