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Abstract
The volatile oil from the leaf of the blackcurrant (Aomori Cassis) was obtained by hydrodistillation
DQGWKHÀRUDOZDWHU(aromatic distilled-water) was extracted with hexane. Analysis of the components by
ÀDPHLRQL]DWLRQGHWHFWRU-gas chromatography and mass spectrometer-JDVFKURPDWRJUDSK\LGHQWL¿HG
components in the oil, of which sabinene (32.9%), cis-, trans-ocimenes (15.3%), and 3-carene (11.6%)
ZHUHWKHPDMRU,QFRQWUDVWSULQFLSDOFRPSRQHQWVRIWKHÀRUDOZDWHURIEODFNFXUUDQWZHUHWHUSLQHQ-4-ol
(41.0%), followed by ȕ-caryophyllene (7.8%) and 3-carene (5.9%).
,QYHVWLJDWLRQRIWKHDQWLR[LGDQWHIIHFWVRI¿YHNLQGVRIFDWHFKLQVUHYHDOHGVWURQJDQWLR[LGDQWDFWLYLW\
suggesting that these might be suitable for development as radical scavengers.
Key words : black currant (Aomori Cassis); essential oil; hydrodistillation; antioxidant activity; radical
scavenger

Introduction

The black currant “Ribes nigrum L.”, also called
cassis, is grown across Northern Europe, Russia, the
United States and New Zealand, among others. Despite
estimations that Russian production is 1.5 times more
than that of Poland, Russia has not formerly presented
production data, and the largest producer is therefore
considered to be Poland. In Japan, Aomori Prefecture
accounts for 90 percent of production [1–3]. “Aomori
Cassis” LV WKH ¿UVW JHRJUDSKLFDO LQGLFDWLRQ UHJLVWUDWLRQ
in Japan (registered December 22, 2015), and this name
is protected as intellectual property by the geographical
indication (GI) protection system, such that the origin
of the product can be pinpointed from the name by GI
[4, 5].
Cassis belongs to the Rosales currant family, which
is a characterized by a refreshing acidity and aroma. This
family also includes strawberries and blueberries. Cassis
contains many polyphenols, anthocyanins, catechins,
vitamins, and minerals, and is used in jam, jelly,
sweets, and liqueurs, etc. In general, the polyphenols of
anthocyanins and catechins contained in cassis promote
EORRG ÀRZ LQ WKH SHULSKHUDO EORRG YHVVHOV DQG VRPH

UHSRUWVKDYHGHVFULEHGHI¿FDF\DJDLQVWH\HVWUDLQ[6–14].
Additional properties include an antibacterial effect,
antiviral activity, and pollinosis, and some reports note
WKDWWKHVHHIIHFWVDUHEHQH¿FLDOWRKHDOWK[15–22].
We recently conducted componential analyses of
the leaves of the main fruit trees grown in Aomori
Prefecture, including apple and Steuben grape, and
reviewed their biological activity [23, 24]. We also
reported the essential oil components and antimicrobial
activity of the rugosa rose, which also grows in Aomori
Prefecture [25, 26]. Here, we report our analysis of the
leaf of the “Aomori cassis”, and then compare its
essential oil components with previously reported results
for the apple and Steuben grape.
Numerous studies have reported that the polyphenols
of anthocyanin and catechin found in black currants
KDYH EHQH¿FLDO KHDOWK HIIHFWV [6–22]. Based on our
marked interest in the biological activity of catechins,
and we also the investigated antioxidant actions of these
polyphenols.
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2. Materials and Methods

2.1. Plant materials
Steam distillation of 1,123 g of the leaves of black
currant in May 2011 yielded 0.75 g (0.067%) of essential
oil.
2.2. Reagents
Butylated dihydroxyanisole and 1,1-diphenyl2 picrylhydrazyl were purchased from Wako Pure
Chemical Industries, Ltd. (Tokyo, Japan) and Tokyo
Chemical Industry Co., Ltd. (Japan), respectively. Other
common reagents of biochemistry grade or highest
quality were purchased from Nacalai Tesque (Kyoto,
Japan) and Wako Pure Chemical Industries. Ninety sixwell multiwell plates were purchased from Corning
International KK (CIKK) (Akasaka, Tokyo).
2.3. Hydrodistillation and extraction
Steam distillation of black currant leaves was carried
out over 4 hours. The yield of essential oil (upper layer)
was 0.75 g. Two liters of distillation water (ÀRUDOZDWHU)
ZDVREWDLQHG7KHÀRUDOZDWHUZDVWKHQH[WUDFWHGZLWK
hexane and 0.035% (0.39 g) of the extract was obtained.
2.4. Analysis
(VVHQWLDO RLOV DQG ÀRUDO ZDWHU ZHUH DQDO\]HG E\
ÀDPH LRQL]DWLRQ GHWHFWRU-gas chromatography (GCFID). GC-FID analysis was performed using a Hitachi
Gas Chromatograph G-5000A (Hitachi, Tokyo, Japan).
Nitrogen was passed through a poly (alkylene glycol)
column (30 m × 0.25 mm i.d.) DW D FDUULHU ÀRZ UDWH RI
60 ml/min using a 10 C/min gradient, initiated with a
5-min hold at 40 C and ending upon reaching at 200 C.
Injector and detector temperatures were 150 C and
250 C, respectively. Mass spectrometer-gas chromatography
(GC-MS) analysis was performed on a JEOL Q1000GCMk II Mass Spectrometer (Japan Electron Optics
Laboratory Co. Ltd., Tokyo, Japan), consisting of an
HP-5 column (30 m × ĳ 0.32 mm × 0.25 μP¿OPWKLFNQHVV
coated with 5%-phenyl-poly [methylsiloxane]) with a
1-POPLQ KHOLXP FDUULHU ÀRZ UDWH 7HPSHUDWXUH ZDV
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-

LVRWKHUPDO FRQGLWLRQV DQG LGHQWL¿HG E\ FRPSDULVRQ
with the RIs calculated from the Van den Dool-Kratz
equation and the MS coincidence rate [27]. Component
ratios were computed from the peak area ratio of GCMS. Oil-drilling rate and extractability were calculated
from the sample weight and extraction yield.
2.5. Antioxidant activity test
We investigated the antioxidant effect using
reagents of the catechins. Antioxidant assay was
performed according to a previously reported DPPH
radical elimination method [24].
To the 96-well plates were added 120 ȝl portions
of 0.1 M acetate buffer (pH 5.5) and the ethanol
solution of the sample, followed by 60 ȝl of a 0.5 mM
DPPH ethanol solution. As blank, ethanol was added
instead of the sample. After stirring, the mixture was
allowed to stand for 30 minutes, and absorbance at
550 nm was measured with a Multiskan JX microplate
reader (Thermo Labsystems, MA, U.S.A). Using this
absorbance, antioxidant activity (%) of the sample was
calculated using the following formula:
% Antioxidant activity = 100 ×(Ablank – Asample )/Ablank
The radical 50% scavenging effect (SE50) was
obtained according to a similar method reported
previously. BHA (butylated dihydroxyanisole) was used
as positive control.

3. Results and Discussion

3.1. Components of essential oil
&RPSRQHQWV RI WKH HVVHQWLDO RLO LGHQWL¿HG E\
analysis of the leaf of black currant (Aomori Cassis)
“Ribes nigrum” are shown in Table 1.
Essential oil of the leaves of black currant are most
likely to contain sabinene, at 32.9% of total essential
oil components. Other components include 3-carene
(11.6%), cis- and trans-ocimene (9.5% and 6.8%,
respectively), and ȕ-caryophyllene (9.1%). In addition,
monoterpenes accounted for 80.1% of terpenes.
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Table 1. Essential oil components of the leaves of black currant

RT, Retention Time; RI, Retention Index; CI, Co-injection with authentic sample

&RPSRQHQWVRIÁRUDOZDWHUH[WUDFW
$QDO\VLV RI WKH ÀRUDO ZDWHU H[WUDFW LV VKRZQ LQ
Table 2. The main component was terpinen-4-ol (41.2%).
Other basic components were ȕ-caryophyllene (7.8%),
3-carene (5.9%), and sabinene (5.3%). Thirty-eight
FRPSRQHQWVZHUHLGHQWL¿HGLQÀRUDOZDWHU
In view of the structural formulas, the main
component of the essential oil of the leaf is sabinene.
7KH PDLQ FRPSRQHQW RI WKH ÀRUDO ZDWHU H[WUDFW ZDV
terpinen-4-ol, which is likely secondarily derived from
sabinene during steam distillation, as described by
Cornwell et al. [28]. The predicted production of
terpinen-4-ol in steam distillation is shown in Fig. 1.

To date, we have used steam distillation to report
WKH HVVHQWLDO RLO DQG ÀRUDO ZDWHU RI UXJRVD URVH [25],
apple [24], Steuben grape [23] and black currant. All
four of these plants are grown in Aomori Prefecture.
&RPSRQHQWVRIWKHVHIRXUW\SHVRISODQWVZHUHLGHQWL¿HG
and their features were observed. Yields of their essential
RLOV REWDLQHG E\ VWHDP GLVWLOODWLRQ DQG RI ÀRUDO ZDWHU
H[WUDFWDUHVKRZQLQ7DEOH7KHÀRZHUDQGOHDYHVRI
rugosa rose and the leaves of Steuben grape and apple
contained very few essential oil components. Indeed, the
leaves of Steuben grape yielded almost no essential oil
at all.
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Table 2. &RPSRQHQWVRIÀRUDOZDWHUH[WUDFWVRIWKHOHDYHVRIEODFNFXUUDQW

tr: trace (< 0.1%)

RT, Retention Time; RI, Retention Index; CI, Co-injection with authentic sample

Fig. 1. Predicted production of terpinen-4-ol during steam distillation (Prediction: hydration reaction)
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Table 3.<LHOGRIHVVHQWLDORLODQGÀRUDOZDWHUH[WUDFWRIIRXUSODQWVJURZQLQ$RPRUL3UHIHFWXUH

(VVHQWLDO RLO IURP WKH ÀRZHU RI UXJRVD URVH
contained citronellyl acetate at 12.1% and citronellol at
0RUHRYHUWKHÀRUDOZDWHUH[WUDFWVDOVRFRQWDLQHG
citronellol, at 31.1%, and showed a characteristic scent.
7KHÀRUDOZDWHUH[WUDFWV\LHOGHGOLQDORRO(3.9%), which
has a sweet scent and which is also contained in geraniol
(4.2%) and lavender. These are typically associated with
the scent of rose.
Phytol content was highest in essential oil from
the leaves of the apple, at 34.2%. The essential oil also
contained (E, E)-Į-farnesene (9.5%) a scent component
found in the epidermis of the apple. Components
H[WUDFWHG IURP WKH ÀRUDO ZDWHU RI WKH DSSOH LQFOXGHG
terpinen-4-ol at 30.4% and linalool at 21.0%.
Ĳ-Cardinol concentration (8.1%) was highest in
the leaves of the Steuben grape Ĳ-Cardinol is reported
to have calcium antagonistic activity and has attracted
LQWHUHVWLQWKLV¿HOG

On the other hand, the main component of the
HVVHQWLDORLODQGÀRUDOZDWHUIURPWKHOHDYHVRIWKHEODFN
currant was sabinene.
3.3. Anti-oxidant activity test
The present and previous studies widely suggest that
the polyphenols of anthocyanin or catechin contained in
WKHEODFNFXUUDQWDUHEHQH¿FLDOIRUKHDOWK[6–22].
Since we targeted the analysis of volatile
components, we did not isolate polyphenols. However,
due to our interest in the biological activity of catechins,
we also examined their anti-oxidant effects, with a
particular focus on the antioxidant effect of catechins
in polyphenols.
The results are summarized in Table 4 and depicted
in Photos 1–5. The structure of the catechins used is
shown in Fig. 2.

Fig. 2. Structures of catechins

Table 4. Antioxidant effect of catechins.
Radical Scavenging Effect (%)


í
í
í
í

FDWHFKLQ
HSLFDWHFKLQ
HSLJDOORFDWHFKLQ
HSLFDWHFKLQJDOODWH
HSLJDOORFDWHFKLQJDOODWH

0.001mM
12.4%
58.4%
83.6%
78.9%
8.6%

SE50: 50% Scavenging Effect
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0.01mM
60.8%
87.5%
85.1%
86.3%
47.6%

0.1mM
89.7%
87.1%
86.1%
86.6%
85.4%

SE50 ȝJPO
6.6
16.0
2.1
1.9
2.4

Photo 2. Antioxidant acitivity of epicatechin

Photo 1. Antioxidant acitivity of catechin

Photo 3. Antioxidant acitivity of epigallocatechin
Photo 4. Antioxidant acitivity of epicatechin gallate

Photo 5. Antioxidant acitivity of epigallocatechin gallate

ȕ-Farnessene is contained in the essential oil of the
leaf of the apple, as reported previously [24]. As shown
LQWKHSKRWRVDQG7DEOHKRZHYHU¿YHNLQGVRIFDWHFKLQ
(catechin, epicatechin, epigallocatechin, epicatechin
gallate, and epigallocatechin gallate) showed high
antioxidant activity. In particular, the 50% Scavenging
Effect (SE50) of epicatechin gallate was 1.9 ȝg/ml,
indicating very strong antioxidant activity (Table 4). Free
radicals damage biological molecules, leading to cell
necrosis and apoptosis. This damage is a major cause of
certain types of cancer, Alzheimer’s disease, Parkinson’s
disease, and the degenerative conditions of aging
[29–33]. Usually, certain enzymes such as superoxide
dismutase have the action of inactivating active oxygen.
Vitamins, glutathione, cysteine, ȕ-carotene, CoASH, and uric acid are also known to have antioxidant
properties. An increase in radical production or free
radical concentration will result in oxidative damage
to various cellular components, such as mitochondria.
Consumption of supplements and foods with antioxidant
properties as a source of radical scavengers is therefore

usually considered important.

4. Conclusion

Aomori Prefecture accounts for 90% of total
Japanese production of black currants, as well as 60%
of apples and 70% of Steuben grapes.
Comparing the essential oil components of these
three kinds of fruit, the highest concentration is generally
seen for phytol (34.2%), a diterpene alcohol found in
apples. Phytol is also known as a precursor of vitamins
E and K.
The Steuben grape yielded only trace amounts of
essential oil.
In stark contrast to the apple, sabinene accounted for
32.9% of the essential oil of black currants. On the other
hand, terpinen-4-ol was the most common component
LQWKHÀRUDOZDWHURIDSSOHVDQGEODFNFXUUDQWVDQGZDV
third-most common in that of Steuben grapes. Overall,
strong polar alcohols are the major components of these
ÀRUDOZDWHUV
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Oxidative stress is a major cause of not only
degenerative diseases but also of aging and lifestylerelated disease. Inactivation of radical species by an
antioxidant effect is desirable for both disease prevention
and anti-aging.
The accumulation of such basic antioxidant
experiments will contribute to future studies in chemistry.
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要

旨

青森カシスの葉の水蒸気蒸留を行い、精油を得た。さらに、蒸留湯はヘキサン抽出を行った。成分
は GC-MS（ガスクロ・マススペクトル）分析を行い、精油から 39 種類の化合物を同定した。その主成
分は、サビネン（32.9%）、

‑ オシメン（15.3%）および 3 ‑ カレン（11.6%）であった。それに対

し、蒸留湯（フローラル・ウォーター）の主成分はテルピネン ‑ 4 ‑ オール（41.0%）、β‑ カリオフィレ
ン（7.8%）、および 3‑ カレン（5.9%）と続き、38種の化合物を同定した。
後半では、5 種類のカテキン類の抗酸化作用について調査した。いずれも強力な抗酸化作用を示し、
十分なラジカル消去能を有することが確認された。
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