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Abstract

The volatile oil of the grape Vitis labrusca var. ‘Steuben’ could not be obtained by steam distillation
of the leaves. However, components contained in floral-water were obtained by extraction with hexane.
Principal components of the floral water of Steuben were t-cadinol, at 8.1%, followed by a-terpineol
at 7.4% and linallol at 6.9%. Analysis of the aroma components of the leaves using the headspace (HS)
method revealed that the two components (E)-2-hexenal (49.2%) and hexanal (27.9%) characteristically
accounted for more than 77% of total aroma ingredients.

Regarding antimicrobial effects, the combination of Steuben floral-water with one of the isoprenoids,
such as geraniol and farnesol, showed higher antibacterial activity than the isoprenoid alone.
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1. Introduction

Archaeological records from the time farming culture
initially prospered in the Middle and Near East around
8000 to 6000 BC show the beginning of cultivation of
grapes and wheat, among others . McGovern and
colleagues reported finding chemical evidence of wine
(Neolithic wine) made in ancient times (5400-5000BC).
Instrumental analysis (HPLC, IR, UV, etc.) of residues
in pottery jars used to store wine identified the presence
of components naturally contained in grapes, such as
calcium tartrate ),

In Japan, grapes today are most widely cultivated in
Yamanashi and Nagano Prefectures. Common cultivars
include Kyoho, Delaware, and Muscat, among others.
Our group has focused on Steuben, a specialty cultivar
grown in Aomori Prefecture, in the Tohoku area of
northern Honshu. Steuben was developed by crossing
of the “Wayne’ and ‘Sheridan’ cultivars at the National
Agricultural Experimental Station of New York, and was
introduced into Japan in 1952 °. The Tohoku district
and New York share a similar climate and latitude, and
Steuben plantings in this area are large, particularly in
Aomori Prefecture, which accounts for about 70% of
total Steuben production'?. Thus, Steuben grapes have

been grown in Japan for use in wine production and
elsewhere for many years.

These grapes and the wine made from them
contain many polyphenols, including resveratrol and
anthocyanin, which are known to have many health
advantages, such as delaying aging !9, Other reports
have described the presence of polyunsaturated fatty
acids and their value as a good source of lipids ', and
that the pomace of some grapes has strong antioxidant
and anti-tumor activity '*'?. Phenols contained in grape
pomace possess strong antibacterial activity, and are
also reported to prevent food poisoning and infectious
diseases 2°. Interestingly, the vine and stem of grapes
also contain terpenes, such as geraniol and citronellol 2",

In March 2015, we reported our findings on
components of the leaves of the ‘Fuji” apple tree. Here,
we report our findings on components of the leaves of
the grape variety Steuben 222,

2. Experimental

2.1. Plant material
We used the leaves (1953g) of Vifis labrusca
‘Steuben’ obtained in Goshogawara City in Aomori
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Prefecture. Extraction was carried out by steam
distillation, followed by component analysis. Further,
we also analysed the aroma component of the leaves
(0.31g) of Steuben using the headspace method.

2.2. Extraction of floral-water (distilled water)
Floral-water extracts were extracted 4 times with
hexane (300 ml hexane/L distilled water).

2.3. Analysis

Floral-water extracts were analysed by flame
(GC-FID).
GC-FID analysis was performed using a Hitachi Gas
Chromatograph G-5000A (Hitachi, Tokyo, Japan).
Nitrogen was passed through a poly (alkylene glycol)

ionization detector-gas chromatography

column (30mx0.25mm i.d.) at a carrier flow rate of
60 mL/min using a 10°C/min gradient, initiated with
a 5-min hold at 40°C and ended on reaching 200 °C.
150°C
spectrometer-gas

Injector and detector temperatures
and 250°C, Mass
chromatography (GC-MS) analysis was performed on
a JEOL Q1000GC-Mk II Mass Spectrometer (Japan
Electron Optics Laboratory Co. Ltd., Tokyo, Japan)

were

respectively.

consisting of an HP-5 column (30mx@0.32mm x
0.25um film thickness: coated with 5%-phenyl-poly
[methylsiloxane]) with a 1 mL/min helium carrier flow
rate. Temperature was programmed to deliver a 15°C/
min gradient initiated with a 4.7-min hold at 50°C and
terminated with a 2-min hold at 280 °C. Injector and GC-
transfer line temperatures were both set at 200 °C.

Separated components were measured under non-
isothermal conditions and identified by comparison
with the Rls calculated from the Van den Dool-Kratz
equation and the MS coincidence rate 229, Component
ratios were computed from the peak area ratio of GC-
MS. Oil-drilling rate and extractability were calculated
from the sample weight and extraction yield.

2.4. Headspace method

GC-MS measurement of the leaves was done
using the headspace method. The aroma component
of the leaves was analysed by GC-FID under the same
conditions as the volatile oils analysis. GC-MS analysis
was performed on a JEOL Q1000GC-Mk II equipped
with a JEOL 12031 headspace auto sampler, consisting
of an AQUATIC capillary column (Agilent, 60 m x¢ 0.32

mm, 0.25 pm film thickness) with a 1 mL/min helium
carrier flow rate (15 psi). Temperature was programmed
to deliver a 10°C/min gradient initiated with a 3.0-min
hold at 40°C, then to increase to 170°C at 10°C/min
and then to 200 °C (12.5 min) at 20 °C/min. The increase
was terminated with a 2-min hold at 280 °C. Injector and
GC-transfer line temperatures were both set at 200 °C.

Separated components were identified by comparing
retention times and mass spectra with laboratory data
and the NIST library. The accordance of retention times
in the GC-MS was confirmed by co-injecting the reagent
with an n-alkane (C7—C 40) retention index. The relative
amounts of components were calculated from their
respective GC-MS peak areas.

2.5. Assay of antimicrobial activity

Antibacterial assays were performed in accordance
with the agar plate dilution method recommended by the
Japanese Society of Chemotherapy 2°2¥. Antibacterial
assay was then performed according to our previous
method 2 39, Bacteria were inoculated into 10ml of
Miieller-Hinton Broth medium (MHB, Difco ™, Becton
Dickinson (BD), USA) and cultured at 37°C for 24 h
without shaking. Each isoprenoid was dissolved in
DMSO. Then, 120 pL of the dissolved isoprenoid solution
was added to 12ml Miiller-Hinton Ager (MHA; Difco
laboratories, USA) culture medium. For combination
assays, floral-water obtained from the leaves by steam
distillation was used instead of regular distilled water
for the MHA culture medium.

2.6. Bacterial strains

Gram-positive bacteria used were Staphylococcus
aureus 209P and S. aureus 834 (methicillin resistant -
MRSA). Gram-negative bacteria used were Escherichia
coli IFO-3806 and Shigella sonnei.

3. Results

3.1. Components of floral-water extracts

Results of the analysis of floral-water extract is
shown in Table 1. Among components extracted from the
leaves of Steuben, t-cadinol was contained at the highest
concentration, accounting for 8.1% of extracts. t-Cadinol
has been reported to have a calcium antagonistic action
and is attracting interest in such fields as cardiology as a
treatment for cardiovascular disease. Other components



included linalool (6.9%) and a-terpineol (7.4%), as well
as myrcenol (0.4%) and y-terpineol (0.4%) as minor
constituents.

3.2. Scent component of Steuben leaves

Aroma component analysis of the leaves of the
Steuben identified 19 compounds (Table 2). Among
scent components, (E)-2-hexenal accounted for 49.2%
followed by hexanal at 27.9%, together accounting
for more than 75%. The leaves did not yield any
sweet scent component reminiscent of grapes, such as
2-phenylethanol and citronellol.

3.3. Antibacterial activities

To create an MHA culture medium, geraniol was
added to the MHA culture medium (Steuben floral-water
MHA culture medium), which uses Steuben floral-water
instead of distilled water. The results of combination
studies of Steuben and geraniol are shown in Table 3,
and Steuben and farnesol in Table 4. Geraniol alone
showed an MIC of 534 ng/mL against the Gram-positive
bacteria S. aureus and MRSA. However, in combination
studies of Steuben distilled water and geraniol, MIC for
both was decreased to 311 ug/mL, indicating increased
antibacterial activity.

In addition, for the Gram-negative bacteria E. coli and

Table 1. Components contained in the floral-water of Steuben leaves.

Rate Rate
No. RT RI Compound CI|No. RT RI Compound CI
(%) (%)
2,6,6-trimethyl-6-vinyl 23 11:08 1319 p-vinyl guaiacol 1.4 -
1 6:29 975 03 -
tetrahydropyrane 24 11:33 1363 dehydro-ar-ionene 2.1 -
2 7:04 1001 (E)-2-pentenylfuran 1.2 -1 25 11:47 1388 geranyl acetate 1.1 O
3 7:08 1005 octanal 07 -126 11:50 1393 -damascenone 05 -
4 7:38 1037 2,2,6-trimethylcyclohexanone 0.7 - | 27 11:59 1409 methyl eugenol 14 -
5 7:47 1046 benzenacetaldehyde 1.7 - |28 12:12 1434 B-caryophyllene 33 O
6 8:15 1076 cis-linalool oxide 24 - |29 12:21 1451 coumarin 0.6 -
7 829 1091 trans-linalool oxide 1.6 - | 30 12:25 1445 neryl acetone 0.3 -
8 838 1100 linalool 6.9 O] 31 12:27 1462 B-farnesene 02 -
9 842 1105 nonanal 3.6 - | 32 12:30 1468 a-caryophyllene 04 -
10 8:56 1124 myrcenol 0.4 - |33 12:45 1496 [-ionone 1.4 -
11 9:14 1148 [-terpinene 0.4 - |34 12:54 1514 (E,E)-a-farnesene 15 -
12 9:20 1156 ocimenol 0.3 35 13:01 1528 y-cadinene 09 -
13 9:39 1181 terpinen-4-ol 49 O] 36 13:05 1536 d-cadinene 0.3 -
14 9:44 1188 p-cymen-8-ol 04 - |37 13:11 1548 dihydroactinidiolide 0.1 -
15 9:48 1193 a-terpineol 74 O] 38 13:22 1570 caryophyllene oxide [ 0.7 -
16 9:53 1200 y—terpineol 0.4 - 139 13:27 1580  cis-3-hexenyl benzoate 03 -
17 9:55 1203 safranal 1.1 - | 40 13:38 1602  caryophyllene oxide II 1.6 -
18 10:10 1227 B-cyclocitral 09 - |41 14:03 1657 t-cadinol 81 -
19 10:13 1231 citronellol 32 O] 42 14:12 1676 alloaromadendrene oxide 2.0 -
20 10:30 1258 linalyl acetate 3.1 O 43 1529 1851 phytone 0.7 -
21 10:53 1289 lavandulyl acetate 1.7 - |44 17:16 2122 phytol 0.8 -
22 10:59 1304 carvacrol 33 O Total 76.3

RT: Retention Time RI: Retention Index

CI: Co-injection with authentic sample



S. sonnei, geraniol alone showed an MIC of 445 ng/mL,
whereas combined use of Steuben floral-water and
geraniol or Steuben floral-water and farnesol showed a
decrease to 267 pg/mL and 334 pg/mL, respectively. In
other words, combined use showed stronger antibacterial
activity.

Against the Gram-positive bacteria S. aureus and MRSA,
the MIC of farnesol alone was 184 pg/mL for both.
In combination studies of Steuben floral-water and
farnesol, in contrast, MIC for both decreased to 111
ug/mL (Table 4), again indicating that combination use
enhances antimicrobial activity.

In contrast, farnesol showed no antibacterial activity
against Gram-negative bacteria.

4. Discussion

In this phytochemical study, steam distillation
of the leaves of Steuben failed to yield volatile oil.

However, floral-water was extracted with hexane, and
39 components were identified. Among the extracted
components, t-cadinol content was highest, accounting
for 8.1% of extracts. -Cadinol has been reported to show
an antagonistic action against calcium, and its use in the
treatment of cardiovascular conditions is anticipated V.

We also analysed the aroma components of the
leaf using the headspace method (HS method). Two
components, (E)-2-hexenal (49.2%) and hexanal (27.9%),
characteristically accounted for more than 77% of the
total aroma ingredients. These components are known to
produce a grassy smell and were previously identified as
the main aroma components in the leaves of the Fuji apple
tree, with (E)-2-hexenal again the major component 2.
No sweet scent component reminiscent of grapes, such
as the 2-phenylethanol, citronellol or similar compounds
contained as flavour components in the fruit of the grape
were obtained from the leaves of Steuben 2.

Table 2. Aroma components of the leaf of Steuben

No. RT Compound Rate (%) MS agreement | No. RT Compound Rate (%) MS agreement
1 9:23  3-methyl butanal 1.1 96% 11  14:23 isobutyl cyclopentane 5.3 89%
2 9:37  2-methyl butanal 1.9 99% 12 14:36 (E)-2-hexenal 49.2 94%
3 955 1-penten-3-ol 23 98% 13 16:17 (E,E)-2,4-hexadienal 1.8 95%
4 10:21 2-ethyl furan 2.7 86% 14 16:47 (E)-2-heptentenal 0.1 90%
5 10:24  1-penten-3-one 4.4 99% 15 17:00 2-penthyl furan 0.1 85%
6 11:18 4-methyl-1-hexene 0.3 85% 16 17:21 (E)-2-pentehyl furan 0.2 87%
7 12:03 5-methyl-1-heptene 0.3 93% 17 17:52 benzaldehyde 0.2 96%
8 12:19 cis-2-penten-1-ol 0.7 99% 18 18:09 (E,E)-2,4-heptadienal 0.2 91%
9 12:24 (E)-2-pentenal 1.0 97% 19 19:29 benzenacetaldehyde 0.5 96%
10 13:00 hexanal 27.9 93%

RT: Retention Time

Table 3. Antibacterial activity of geraniol using MHA culture medium adjusted with Steuben floral-water.

geraniol (ug/mL) Gram-positive bacteria Gram-negative bacteria
(MHA culture medium adjusted with S, qureus MRSA E. coli S. sonnei

Steuben floral-water)

356 - - + +

334 - - + +

311 + + + —

289 — — + —

267 — — + —

245 — — — —
geraniol MIC (ug/mL) 534 534 445 445




Table 4. Antibacterial test of farnesol using MHA culture medium adjusted with Steuben floral-water.

farnesol (ug/mL)

Gram-positive bacteria

Gram-negative bacteria

(MHA culture medium adjusted with
Steuben floral-water)

S. aureus

MRSA E. coli S. sonnei

177
133
111
89
67

+ o+ +

+ + +

farnesol MIC (ug/mL)

184

184

5. Conclusion

Although steam distillation of the leaves of Steuben
did not yield essential oil, the floral-water was extracted
with hexane and 39 components were identified. In
addition to common contents such as terpineol and
linalool, one noteworthy component of the floral-water
extracts was t-cadinol, which accounted for 8.1% of the
extract.

Furthermore, analysis of the aroma components
of leaves by the headspace method identified 19
components. Interestingly, (E)-2-hexenal and hexanal
were found to account for 75% of the total ingredients.

The combination of Steuben floral-water with
one of the isoprenoids such as geraniol and farnesol
showed higher antibacterial activity than the isoprenoid
alone. We previously obtained synergies between such
isoprenoids and floral-water of the Rose rugosa flower
[12], and their use in various aspects of antimicrobial
agent development is expected.

We consider that the ongoing accumulation of
basic research as represented by the present study
will contribute to the development of pharmaceutical
products.
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