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José Figueira
Fátima Rodrigues
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Research Article

Headspace solid-phase microextraction
combined with mass spectrometry as a
powerful analytical tool for profiling the
terpenoid metabolomic pattern of
hop-essential oil derived from Saaz variety

Hop (Humulus lupulus L., Cannabaceae family) is prized for its essential oil contents, used in
beer production and, more recently, in biological and pharmacological applications. In this
work, a method involving headspace solid-phase microextraction and gas chromatography–
mass spectrometry was developed and optimized to establish the terpenoid (monoterpenes
and sesquiterpenes) metabolomic pattern of hop-essential oil derived from Saaz variety
as a mean to explore this matrix as a powerful biological source for newer, more se-
lective, biodegradable and naturally produced antimicrobial and antioxidant compounds.
Different parameters affecting terpenoid metabolites extraction by headspace solid-phase
microextraction were considered and optimized: type of fiber coatings, extraction tem-
perature, extraction time, ionic strength, and sample agitation. In the optimized method,
analytes were extracted for 30 min at 40�C in the sample headspace with a 50/30 �m di-
vinylbenzene/carboxen/polydimethylsiloxane coating fiber. The methodology allowed the
identification of a total of 27 terpenoid metabolites, representing 92.5% of the total Saaz
hop-essential oil volatile terpenoid composition. The headspace composition was domi-
nated by monoterpenes (56.1%, 13 compounds), sesquiterpenes (34.9%, 10), oxygenated
monoterpenes (1.41%, 3), and hemiterpenes (0.04%, 1) some of which can probably con-
tribute to the hop of Saaz variety aroma. Mass spectrometry analysis revealed that the main
metabolites are the monoterpene �-myrcene (53.0 ± 1.1% of the total volatile fraction), and
the cyclic sesquiterpenes, �-humulene (16.6 ± 0.8%), and �-caryophyllene (14.7 ± 0.4%),
which together represent about 80% of the total volatile fraction from the hop-essential oil.
These findings suggest that this matrix can be explored as a powerful biosource of terpenoid
metabolites.

Keywords: Essential oil / GC-qMS / Hop Saaz variety / HS-SPME / Terpenoid
metabolites
DOI 10.1002/jssc.201200244

1 Introduction

It is well known that plant-derived natural products are exten-
sively used as biologically active compounds. From these, the
essential oils, which represent a small fraction of a plant’s
composition, and some of their constituents are used not
only in pharmaceutical products for their therapeutic activi-
ties but also in agriculture, as food preservers and additives
for human or animal use, in cosmetics and perfumes, and
other industrial fields [1, 2]. Particular emphasis has been
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Abbreviations: HS-SPME, headspace solid phase microex-
traction; RI, retention index

placed on their antibacterial, antifungal, and insecticidal ac-
tivities [3]. In many cases, they serve as (i) plant defense
mechanisms against predation by microorganisms, insects,
and herbivores; (ii) metal transporting agents; (iii) agents of
symbiosis between microbes and plants, nematodes, insects,
and higher animals; (iv) sexual hormones; and (v) differenti-
ation effectors [4,5]. Levels of secondary metabolites in plants
are both environmentally induced as well as genetically con-
trolled [6].

Among the thousands of metabolites produced by plants,
terpenoids represent, by far, the largest and the most diverse
class of secondary metabolites, followed by alkaloids and phe-
nolic compounds [7]. They have received special attention
by the scientific community, due to their useful and wide
range of biological and pharmacological activities [2,8]. Some
monoterpenes, such as �-pinene, cineole, eugenol, limonene,
terpinolene, citronellol, citronellal, camphor, and thymol, are
common constituents of a number of essential oils described
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Figure 1. Biosynthetic pathways of terpenoid metabolites [2].

in the literature, as presenting mosquito repellent activity [9].
Among sesquiterpenes, �-caryophyllene is most cited as a
strong repellent against Aedes aegypti [10]. Although repel-
lent properties of several essential oil regularly appear to be
associated with the presence of monoterpenes and sesquiter-
penes [9, 11], other authors have found that farnesol has a
wide spectrum of desirable biological properties including
antitumor [12, 13], antioxidant [14], antifungal, and antibac-
terial effects [15]. Moreover, farnesol has been demonstrated
to selectively inhibit monoamine oxidase B of rat brain [16],
a possible role for farnesol in prevention of Parkinson dis-
ease [3]. Some others isoprenoids show antiviral (e.g. saponin
and glycyrrhizin) [17], antihyperglycemic (e.g. stevioside) [18],
anti-inflammatory (e.g. linalool) [19], and antiparasitic (e.g.
artemisinin) [20] activities. The biosynthesis of the terpenoid
compounds in the essential oil uses the same building blocks

as required for the isoprenyl side chains of the hop resins
(Fig. 1).

Essential oils represent a small fraction of the composi-
tion of plants but confer the characteristics for which aromatic
plants are used in the pharmaceutical, food, cosmetic, and fra-
grance industries [21]. Are complex mixtures containing from
a few dozen to several hundred volatile organic compounds
produced as secondary metabolites in plants: they are consti-
tuted by hydrocarbons (monoterpenes and sesquiterpenes)
and oxygenated compounds (alcohols, esters, ethers, alde-
hydes, ketones, lactones, phenols, and phenol ethers) [3].
Their composition may vary considerably between aromatic
plant species and varieties, and within the same variety from
different geographic areas [22]. Frequently, both hydrocar-
bons and oxygenated compounds are responsible for the dis-
tinctive characteristic odors and flavors of plants.
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2284 J. Gonçalves et al. J. Sep. Sci. 2012, 35, 2282–2296

T
a

b
le

1
.

S
u

m
m

ar
y

co
m

p
o

si
ti

o
n

o
f

th
e

m
o

st
re

p
re

se
n

ta
ti

ve
co

m
m

er
ci

al
h

o
p

va
ri

et
ie

s
[2

3,
24

]

Ho
p

va
rie

ty
Or

ig
in

Br
ew

in
g

%
�

-a
ci

ds
%

�
-a

ci
ds

%
Co

-h
um

ul
en

ea)
To

ta
lo

il
%

M
yr

ce
ne

b)
%

Hu
m

ul
en

eb)
%

Ca
ry

op
hy

lle
ne

b)
%

Fa
rn

es
en

eb)
Ar

om
a

us
ag

e
(m

L/
10

0
g)

Ah
ta

nu
m

US
A

Ar
om

a
5.

7–
6.

3
5.

0–
6.

5
30

–3
5

0.
8–

1.
2

50
–5

5
16

–2
0

9–
12

<
1

Fl
or

al
,c

itr
us

Br
ew

er
’s

Go
ld

En
gl

an
d

Bi
tte

rin
g

5.
0–

9.
0

2.
5–

3.
5

40
–4

8
1.

8–
2.

2
26

–4
1

24
–3

2
4–

9
<

1
Bl

ac
k

cu
rr

an
t,

fru
ity

,s
pi

cy
Ca

sc
ad

e
US

A
Ar

om
a

4.
5–

7.
0

4.
5–

7.
0

33
–4

0
0.

8–
1.

5
45

–6
0

10
–1

6
3–

6
4–

8
M

ed
iu

m
in

te
ns

ity
,fl

or
al

,c
itr

us
,

an
d

gr
ap

ef
ru

it
Ce

nt
en

ni
al

US
A

DP
c)

9.
5–

11
.5

3.
5–

4.
5

28
–3

0
1.

5–
2.

5
45

–6
0

10
–1

8
4–

8
<

1
M

ed
iu

m
in

te
ns

ity
,fl

or
al

,a
nd

ci
tru

s
to

ne
s

Ch
in

oo
k

US
A

DP
12

.0
–1

4.
0

3.
0–

4.
0

29
–3

4
1.

5–
2.

5
35

–4
0

20
–2

5
9–

11
<

1
M

ed
iu

m
in

te
ns

ity
,s

pi
cy

,p
in

ey
,

an
d

di
st

in
ct

w
ith

su
bt

le
to

ne
s

of
gr

ap
ef

ru
it

Cl
us

te
r

US
A

DP
5.

5–
8.

5
4.

5–
5.

5
36

–4
2

0.
4–

0.
8

45
–5

5
15

–1
8

6–
7

0
St

ro
ng

,fl
or

al
,a

nd
sp

ic
y

Cr
ys

ta
l

US
A

Ar
om

a
3.

5–
5.

5
4.

5–
7.

5
20

–2
6

0.
8–

2.
1

40
–6

0
18

–2
4

4–
8

0–
1

M
ild

,fl
or

al
,a

nd
sp

ic
y

Fu
gg

le
En

gl
an

d
Ar

om
a

4.
0–

5.
5

1.
5–

2.
0

25
–3

2
0.

7–
1.

2
40

–5
0

20
–2

6
6–

10
4–

5
M

ild
,w

oo
dy

,a
nd

fru
ity

Ga
le

na
US

A
DP

12
.0

–1
4.

0
7.

0–
9.

0
37

–4
2

0.
9–

1.
2

55
–6

0
10

–1
5

3–
5

0
Ci

tru
s

Go
ld

in
g

En
gl

an
d

Ar
om

a
4.

0–
6.

0
2.

0–
3.

0
20

–2
5

0.
4–

1.
0

25
–3

5
35

–4
5

15
–2

0
0

M
ild

,d
el

ic
at

e
cl

as
si

c
En

gl
is

h-
ty

pe
Ha

lle
rta

u
m

f
Ge

rm
an

y
Ar

om
a

3.
5–

5.
5

3.
5–

5.
5

18
–2

5
0.

6–
1.

5
10

–1
5

36
–4

0
10

–1
2

0
Ve

ry
m

ild
,s

lig
ht

ly
flo

w
er

y,
an

d
sp

ic
y

He
rk

ul
es

Ge
rm

an
y

Bi
tte

rin
g

12
.0

–1
7.

0
4.

0–
5.

5
32

–3
8

1.
6–

2.
4

30
–5

0
30

–4
5

7–
12

<
1

M
ed

iu
m

in
te

ns
ity

,e
ve

nl
y

di
st

rib
ut

ed
im

pr
es

si
on

s
He

rs
br

uc
ke

r
Ge

rm
an

y
Ar

om
a

2.
0–

5.
0

2.
5–

6.
0

18
–2

5
0.

7–
1.

3
12

.7
32

.4
13

.6
0

M
ild

to
m

ed
iu

m
,p

le
as

an
t,

flo
ra

l,
an

d
sl

ig
ht

ly
fru

ity
Ho

riz
on

US
A

DP
11

–1
3

6.
5–

8.
5

16
–1

9
1.

5–
2.

0
55

–6
5

11
–1

3
7.

5–
9.

0
2.

5–
3.

5
Fl

or
al

,s
pi

cy
Li

be
rty

US
A

Ar
om

a
3.

0–
5.

0
3.

0–
4.

0
24

–3
0

0.
6–

1.
8

32
–4

2
30

–4
0

9–
12

0
M

ild
,s

lig
ht

ly
sp

ic
y

M
ag

nu
m

Ge
rm

an
y

Bi
tte

rin
g

10
.0

–1
4.

0
4.

5–
7.

0
24

–3
0

1.
9–

3.
0

35
–4

5
25

–3
0

8–
12

0
N

o
di

st
in

ct
ar

om
a

ch
ar

ac
te

ris
tic

s
M

er
ku

r
Ge

rm
an

y
Bi

tte
rin

g
12

.0
–1

5.
0

3.
5–

7.
0

16
–2

0
2.

2–
2.

8
48

.9
30

.7
8.

6
0

St
ro

ng
w

ith
ea

rth
y,

flo
ra

l,
an

d
sp

ic
y

to
ne

s
M

ill
en

ni
um

US
A

Bi
tte

rin
g

14
.5

–1
6.

5
4.

3–
5.

3
28

–3
2

1.
8–

2.
2

30
–4

0
23

–2
7

9–
12

<
1

M
ild

,h
er

ba
l

M
t.

Ho
od

US
A

Ar
om

a
4.

0–
8.

0
5.

0–
7.

5
22

–2
7

1.
0–

1.
3

30
–4

0
25

–3
5

8–
15

0
M

ild
,s

om
ew

ha
tp

un
ge

nt
N

or
th

er
n

Br
ew

er
En

gl
an

d
DP

8.
0–

10
.0

3.
0–

5.
0

20
–3

0
1.

5–
2.

0
50

–6
0

20
–3

0
5–

10
0

M
ed

iu
m

in
te

ns
ity

w
ith

Ev
er

gr
ee

n,
w

oo
d,

an
d

m
in

to
ve

rto
ne

s
N

ug
ge

t
US

A
Bi

tte
rin

g
12

.0
–1

4.
5

4.
0–

6.
0

24
–3

0
1.

7–
2.

3
52

–5
6

19
–2

0
8–

9
0

M
ild

,h
er

ba
l,

an
d

pl
ea

sa
nt

Op
al

Ge
rm

an
y

Ar
om

a
5.

0–
8.

0
3.

5–
5.

5
13

.0
–1

7.
0

0.
8–

1.
3

20
–4

5
30

–5
0

8–
15

<
1

Ba
la

nc
ed

fru
ity

,h
op

py
,fl

ow
er

y,
ci

tru
sy

,a
nd

he
rb

al
ch

ar
ac

te
ris

tic
s

Pa
lis

ad
eTM

US
A

Ar
om

a
5.

5–
9.

5
6.

0–
8.

0
24

–2
9

1.
4–

1.
6

9–
10

19
–2

2
16

–1
8

<
1

Fl
or

al
,f

ru
ity

,a
nd

ea
rth

y
to

ne
s

Pe
rle

Ge
rm

an
y

Ar
om

a
7.

0–
9.

5
4.

0–
5.

0
27

–3
2

0.
7–

0.
9

45
–5

5
28

–3
3

10
–1

2
0

Sl
ig

ht
ly

sp
ic

y
w

ith
flo

ra
lt

on
es

Sa
az

Cz
ec

h
Re

pu
bl

ic
Ar

om
a

2.
0–

5.
0

7.
0–

8.
0

23
–2

8
0.

4–
1.

0
23

20
.5

6.
0

14
.0

Ve
ry

m
ild

w
ith

pl
ea

sa
nt

ho
pp

y
no

te
s

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com



J. Sep. Sci. 2012, 35, 2282–2296 Other Techniques 2285

T
a

b
le

1
.

C
o

n
ti

n
u

ed

Ho
p

va
rie

ty
Or

ig
in

Br
ew

in
g

%
�

-a
ci

ds
%

�
-a

ci
ds

%
Co

-h
um

ul
en

ea)
To

ta
lo

il
%

M
yr

ce
ne

b)
%

Hu
m

ul
en

eb)
%

Ca
ry

op
hy

lle
ne

b)
%

Fa
rn

es
en

eb)
Ar

om
a

us
ag

e
(m

L/
10

0
g)

Sa
nt

ia
m

US
A

Ar
om

a
5.

0–
7.

0
6.

0–
8.

5
20

–2
4

1.
3–

1.
7

27
–3

6
23

–2
6

7–
8

13
–1

6
Sl

ig
ht

ly
sp

ic
y

w
ith

he
rb

al
an

d
flo

ra
lt

on
es

Sa
ph

ir
Ge

rm
an

y
Ar

om
a

2.
0–

4.
5

4.
0–

7.
0

12
–1

7
0.

8–
1.

4
∼4

0
∼2

0
∼1

0
0

Di
st

in
ct

ar
om

a
w

ith
flo

w
er

y
an

d
fru

ity
to

ne
s

Sm
ar

ag
d

Ge
rm

an
y

Ar
om

a
4.

0–
6.

0
3.

5–
5.

5
13

–1
8

0.
7–

1.
7

20
–4

0
30

–5
0

9–
14

<
1

Pr
ed

om
in

an
tly

fru
ity

w
ith

ho
pp

y
an

d
flo

w
er

y
to

ne
s

Sp
al

te
r

Ge
rm

an
y

Ar
om

a
2.

5–
5.

5
3.

0–
5.

0
22

–2
9

0.
5–

0.
9

15
.1

25
.4

14
.6

0
M

ild
an

d
pl

ea
sa

nt
w

ith
flo

w
er

y,
fru

ity
,a

nd
sp

ic
y

to
ne

s
Sp

al
te

rS
el

ec
t

Ge
rm

an
y

Ar
om

a
3.

5–
5.

5
3.

5–
4.

5
20

–2
5

0.
8–

1.
2

40
–5

0
6–

8
15

–2
0

10
–1

5
Ar

om
a

si
m

ila
rt

o
Sp

al
te

rh
op

St
er

lin
g

US
A

Ar
om

a
6.

0–
9.

0
4.

0–
6.

0
22

–2
8

1.
3–

1.
9

44
–4

8
6–

8
20

–2
2

13
–1

5
He

rb
al

an
d

sp
ic

y
w

ith
a

hi
nt

of
flo

ra
la

nd
ci

tru
s

St
ris

se
ls

pa
lt

Fr
an

ce
Ar

om
a

3.
0–

5.
0

3.
0–

5.
5

20
–2

5
0.

6–
0.

9
n.

i.
28

–3
2

n.
i.

n.
i.

M
ed

iu
m

in
te

ns
ity

,p
le

as
an

t,
an

d
ho

pp
y

Ta
ur

us
Ge

rm
an

y
Bi

tte
rin

g
12

.0
–1

7.
0

4.
0–

6.
0

20
–2

5
0.

9–
1.

4
30

30
8.

4
0.

2
St

ro
ng

Te
ttn

an
ge

r
Ge

rm
an

y
Ar

om
a

4.
0–

5.
0

3.
0–

4.
5

20
–2

5
0.

4–
0.

8
36

–4
5

18
–2

3
6–

7
10

–1
2

Sl
ig

ht
ly

sp
ic

y
To

m
ah

aw
k

R©
US

A
Bi

tte
rin

g
14

.0
–1

8.
0

4.
5–

5.
8

29
–3

4
2.

0–
3.

5
25

–4
0

10
–2

2
7–

12
0

Ea
rth

y,
sp

ic
y,

pu
ng

en
t,

w
ith

so
m

e
ci

tru
s

ov
er

to
ne

s
Tr

ad
iti

on
Ge

rm
an

y
Ar

om
a

5–
7

4–
5

26
–2

9
1.

0–
1.

4
21

.8
48

.4
13

.4
<

0.
1

M
ed

iu
m

in
te

ns
ity

,fl
or

al
,a

nd
he

rb
al

to
ne

s
Ul

tra
US

A
Ar

om
a

4.
0–

5.
0

3.
6–

4.
7

25
–3

0
0.

8–
1.

2
25

–3
5

30
–4

0
10

–1
5

0
Si

m
ila

ra
ro

m
a

pr
ofi

le
to

Ha
lle

rta
ue

rM
itt

el
frü
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Over centuries, hop (Humulus lupulus L.) was used pri-
marily as an essential ingredient in the manufacturing of
beer since its components add the typical bitter taste and con-
tribute to the attractive aroma of the final beverage. Essential
oil of hop comprises two major fractions: the first belongs to
the group of hydrocarbons of which terpene hydrocarbons ac-
count for about 70% [25]. The remaining 30% are compounds
containing oxygen (oxygenated fraction that is generally more
aromatic and less volatile) such as esters, aldehydes, ketones,
acids, and alcohols [3]. Different hop varieties produce differ-
ent essential oils that can have widely distinct taste, odor, and
aroma, depending on their chemical nature (Table 1 ).

Geographical location, climate, and agronomical factors
also affect the oil composition, potentially creating different
profiles for hop samples with the same genetic material [3].

In recent years, essential oil has received much attention
as potentially useful bioactive compounds against insects. Al-
though effective, the constant application of pesticides to con-
trol insects, can disrupt the natural biological control systems
and has led to outbreaks of insect species, which sometimes
resulted in the widespread development of resistance, had
undesirable effects on nontarget organisms, and fostered en-
vironmental and human health concerns. These problems
have highlighted the need for the development of new strate-
gies for selective and specific pest control. Furthermore, the
different activities of aromatic plants essential oils, such as an-
timicrobial, antiviral, and anticarcinogenic activities, explain
their broad use in phytotherapy [26]. Particularly, the antimi-
crobial activity has formed the basis of many applications,
including raw and processed food preservation, pharmaceu-
tical, alternative medicine, and natural therapies. According
to Bozin et al. [26], this aspect assumes a unique relevance
due to an increased resistance of some bacterial strains to the
most common antibiotics and antimicrobial agents for food
preservation.

A range of extraction and concentration methods have
been developed for the analysis of essential oil, which in-
clude steam distillation [27] or extraction with a conventional
solvent [28], supercritical fluid CO2 extraction [29], column
chromatography [30], and stir bar sorptive extraction [31].
Nevertheless, these techniques present certain nonnegligi-
ble drawbacks such as the use of high volumes of solvent, the
time required, and the use of expensive devices with a lim-
ited lifetime that may entail carry-over or cross-contamination
problems. Consequently, in order to overcome these draw-
backs, solid-phase microextraction (SPME) has emerged as
an efficient extraction-preconcentration method and a reliable
alternative to traditional sample preparation techniques, due
to important features such as simplicity, low cost, selectivity,
and sensitivity when combined with appropriate detection
modes [32–37]. This method, developed by Pawliszyn and
co-workers [38, 39], eliminates the use of organic solvents,
and substantially shortens the time of analysis. SPME can
integrate sampling, extraction, concentration, and sample in-
troduction into a single uninterrupted process, resulting in
high sample throughput and also be used as a solvent-free
sample preparation method with gas chromatography (GC)

mass spectrometry (MS) analysis, which has been success-
fully applied for profiling the metabolomic pattern of fruits
[40–44], and analysis of environmental [45], food [40, 42, 44],
forensic [46], and pharmaceutical samples [47] and also as a
powerful technique for extraction of urinary potential cancer
biomarkers [48, 49].

In the present communication, we report on using
SPME, in headspace mode (HS-SPME), coupled to GC-qMS
(quadrupole first stage mass spectrometry) as a powerful
methodology to investigate the metabolomic pattern of ter-
penoid composition in hop-essential oil derived from Saaz
variety as a mean to explore, in a near future, these matrix
as a powerful biological source of antimicrobial (antibacte-
rial and antifungal) and antioxidant agents, constituting an
environmentally friendly alternative as potential substitutes
for synthetic compounds. Important SPME experimental pa-
rameters that may affect extraction efficiency, namely, na-
ture of fiber coating, extraction temperature, extraction time,
ionic strength, and sample agitation, were considered on this
study. The optimized conditions were applied to the char-
acterization of the terpernoid metabolites in hop-essential
oil from Saaz variety. The method is simple, requires small
amounts of sample, and was expected to provide global ter-
penoid metabolomic signature of hop-essential oil while of-
fering a significant time reduction when compared to other
methods commonly used.

2 Materials and methods

2.1 Reagents and materials

The SPME holder for manual sampling and the fibers used
were purchased from Supelco (Bellefonte, PA, USA). Am-
ber silanized glass vials (4.0 mL) were obtained from Agilent
Technologies (Palo Alto, CA, USA). According to manufac-
turer’s recommendation, the fibers were first conditioned in
the GC injection port to remove fiber contaminants. Prior
to extraction, the fiber was, daily, inserted in the hot injec-
tion port for 6 min. A blank test was performed to check
possible carry-over. The Kovat’s retention index (RI) was
calculated through injection of a series of C8–C20 straight-
chain n-alkanes (concentration of 40 mg/L in n-hexane) pur-
chased from Fluka (Buchs, Switzerland). Sodium chloride, of
analytical grade, was purchased from Panreac Quimica SA
(Barcelona, Spain).

2.2 Samples

Five hop-essential oil samples, obtained by supercritical CO2

extraction, were kindly provided by Empresa de Cervejas
da Madeira (ECM), Madeira Island, Portugal. Samples were
transported under refrigeration (ca. 2–5�C) to the laboratory
and stored at −20�C until analysis. All samples were analyzed
in triplicate.
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2.3 HS-SPME extraction conditions

Right before analysis, samples were thawed at 20�C for 10
min and then were subjected to HS-SPME. Extraction was
carried out using 0.5 g of hop-essential oil into a 4-mL
glass HS vial. The samples were equilibrated during the
incubation time (10 min in all assays) in a temperature-
controlled six-vial agitator tray at the appropriate temper-
ature and time (selected according to the optimization de-
sign). Subsequently, the SPME fiber was manually inserted
into the sealed vial through the septum and the fiber was
exposed to the sample HS for a specific extraction time and
extraction temperature. Following the extraction process, the
fiber was retracted prior to remove from the sample vial and
immediately inserted into the GC-qMS injector for thermal
desorption of metabolites at 250�C for 6 min in splitless
mode. All measurements were made with, at least, three
replicates.

2.4 Optimization of SPME parameters

The effectiveness of analyte preconcentration using the
SPME technique depends on several experimental parame-
ters, from which the fiber coating, extraction time, and extrac-
tion temperature are the most significant. For this reason, the
extent to which each of these variables affects the efficiency of
SPME procedure was examined by application of univariate
optimization design.

2.4.1 Selection of the fiber coating

In the preliminary selection, all commercially avail-
able silica SPME fibers, varying in polarity, thickness
of the stationary phase, and coated with the follow-
ing polymers: polydimethylsiloxane (PDMS, 100 �m),
PDMS/divinylbenzene (PDMS/DVB, 65 �m), DVB/carboxen
on PDMS (DBV/CAR/PDMS; StableFlex, 50/30 �m),
CAR/PDMS (CAR/PDMS, 75 �m), polyacrylate (PA,
85 �m), and polyethyleneglycol (PEG, 60 �m) were tested
in order to select the best polymer to extract the terpenoid
metabolites. In this step, all the fibers were exposed to
the sample HS under the following conditions: 10 min of
equilibrium time, 30 min of extraction time, and 40�C for
extraction temperature (conditions arbitrarily established
by the authors in the choice-of-fiber step). Fibers were
thermally conditioned in accordance with the manufacture’s
recommendations before first use. Before the first daily
analysis, and in order to guarantee the absence of peaks in
the run blanks and the good quality of the SPME extraction
and chromatographic procedures, each of the fibers was
reconditioned at 250�C for 15 min, following the manu-
facturer’s recommendations. All the fibers were tested in
triplicate and the results presented represent the mean values
obtained.

2.4.2 Effect of extraction time and temperature

Extraction time and temperature are two of the most im-
portant parameters affecting the volatility of analytes. There-
fore, these two parameters were optimized. The procedure
described in Section 2.3 was employed to evaluate the ex-
traction time and temperature. The HS-SPME extraction of
the hop-essential oil samples (CO2 supercritical extract) was
done using fiber exposure times between 15 and 60 min us-
ing DVB/CAR/PDMS fiber at 40�C. In order to optimize the
extraction temperature, up to three consecutive extractions
were carried out at each of the following temperatures: room
temperature (24�C), 30, 40, and 50�C using DVB/CAR/PDMS
fiber for 30 min.

2.5 GC-qMS conditions

The SPME-coating fibers containing the adsorbed terpenoid
metabolites extracted from the hop-essential oil were manu-
ally introduced into the GC injection port at 250�C and kept
for 6 min for desorption. The split/splitless injector, operat-
ing in the splitless mode, was equipped with an inlet liner for
SPME (internal diameter 0.75 mm i.d., Supelco, Barcelone,
Spain). The desorbed terpenoid metabolites were separated
in an Agilent Technologies 6890N Network GC equipped
with a BP-20 fused silica capillary column (30 m × 0.25 mm
i.d. × 0.25 �m film thickness) supplied by SGE (Darmstadt,
Germany) connected to an Agilent 5973N quadrupole mass
selective detector. Helium (Air Liquid, Portugal) was used as
carrier gas at 1.1 mL/min constant flow (column head pres-
sure: 12 psi). The injections were performed in the splitless
mode (5 min). The GC oven temperature was programmed as
follows: 40�C for 1 min, 1.7�C/min ramp until 180�C (1 min)
then to 220�C at 30�C/min and held isothermally at 250�C
for a further 1 min. For the MS system, the temperatures of
the transfer line, quadrupole, and ionization source were 250,
180, and 230 ³C, respectively; electron impact mass spectra
were recorded at 70 eV and the ionization current was about
30 �A. Data acquisitions were performed in scanning mode
(mass range m/z 30–300; 6 scans per second). The GC peak
area of each compound was obtained from the ion extraction
chromatogram by selecting target ions for each one. Repro-
ducibility was expressed as relative standard deviation (RSD).
Signal acquisition and data processing were performed using
the HP Chemstation (Agilent Technologies).

Terpenoid metabolites identification was based on (i)
comparison of the GC retention time and mass spectra, with
those, when available, of the pure standard compounds; (ii)
comparison between the MS for each putative compound
with those of the data system library (NIST, 2005 software,
Mass Spectral Search Program V.2.0d; NIST 2005, Washing-
ton, DC, USA); and (iii) Kovat’s RI determined according to
the Van den Dool and Kratz [50]. For the determination of the
RI, a C8–C20 n-alkanes series was used, and the values were
compared, with available values reported in the literature for
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similar chromatographic columns. All Identity Spectrum
Mach factor above 850 resulting from the NIST Identity Spec-
trum Search algorithm (NIST MS Search 2.0) was determined
to be acceptable for positive identification.

Monoterpenes and specially sesquiterpenes are notori-
ously difficult to resolve and identify because they have the
same molecular formulae and therefore interact with column
stationary phases in the same manner and exhibit very similar
mass spectra.

3 Results and discussion

The influence of the main parameters that can affect the HS-
SPME process from HS, i.e. fiber coating, extraction temper-
ature, extraction time, ionic strength, and sample agitation,
was evaluated. HS-SPME mode was used instead of direct
sampling mode because, for volatile analytes, in the former
mode the equilibrium times are shorter compared to direct
extraction. The HS mode also protects the fiber from ad-
verse effects caused by nonvolatile, high molecular weight
substances present in the sample matrix. Temperature has
a significant effect on the extraction kinetics, since it deter-
mines the vapor pressure of the analytes, and for that their
influence in the extraction process was also investigated. In
the optimized method, analytes were absorbed for 30 min at
40�C in the sample HS with a 50/30 �m DVB/CAR/PDMS
fiber. The best conditions obtained for HS-SPME/GC-qMS
methodology was chosen based on intensity response (GC
peak area), number of identified compounds, and RSD (RSD,
%). After the optimization step, the terpenoid metabolomics
profile of the hop-essential oil derived from Saaz variety was
established.

3.1 Optimization of HS-SPME parameters

The optimization of the different parameters involved in HS-
SPME was performed choosing the conditions that allowed
obtaining the maximum response in terms of analyte peak
area.

3.1.1 Fiber-coating selection

The selection of a suitable fiber coating is an important step in
SPME optimization. The sensitivity of the SPME extraction
technique depends greatly on the value of the distribution
constant of analytes partitioned between the sample and fiber-
coating material. For this reason, six different types of SPME
fibers were evaluated in this study, in order to assess that the
coating having highest affinity toward terpenoid metabolites.
The comparison of the SPME fiber performance was based
on extraction efficiency, estimated by total peak area, number
of isolated compounds from the extract, and reproducibility.
Table 2 reports the results of the relative extraction efficiency
of the six SPME fibers with respect to their capacity to ex-
tract the terpenoid metabolites of the Saaz hop-essential oil.

Each fiber was exposed to the HS under the same conditions
of equilibrium time (10 min), extraction time (30 min), and
temperature (40�C), and although the extraction conditions
were the same, the differences in the areas obtained revealed
the behavior of each type of coating used for each fiber tested
(Table 2). The results of this screening showed that the high-
est extraction sensitivity was obtained with the CAR-related
stationary phase. Although the means of the total areas ob-
tained for the PDMS, DVB/CAR/PDMS, and CAR/PDMS
fibers did not present significant statistical differences (Tukey
at P < 0.05), the fiber DVB/CAR/PDMS was chosen, since it
presented the best extraction efficiency for a highest number
of terpenoid metabolites (Table 2). The good performances
obtained with fibers containing PDMS coating were partially
expected since PDMS is a lypophilic coating, so with a higher
affinity than the partially polar PA and PEG, for nonpolar
molecules such as terpenoid metabolites.

Conversely, the lowest sorption capacity expressed as
chromatographic areas (P < 0.05) were in general obtained
with the PA fiber under the same experimental conditions.

DVB/CAR/PDMS coating (molecular weight ranging
from 35 to 300) combines the absorption properties of the
liquid polymer with the adsorption properties of porous par-
ticles, which contains macro- (>500 Å), meso- (20–500 Å), and
microporous (2–20 Å), and has bipolar properties. The mu-
tually synergetic effect of adsorption and absorption of the
stationary phase explains its high retention capacity. Based
on the data evaluation completed within this particular opti-
mization experiment, DVB/CAR/PDMS fiber was chosen to
be used for all further optimization steps and hop-essential
oil analysis experiments, without adding salt and without ag-
itation of the sample. Using the DVB/CAR/PDMS 50/30 �m
fiber, the addition of salt and the agitation of the sample led to
a decrease of chromatographic peak areas (P < 0.05) for some
analytes. Similar results were obtained by Laura Campo et al.
[51] in the quantification of 13 priority polycyclic aromatic
hydrocarbons in human urine by HS-SPME GC and isotope
dilution MS.

3.1.2 Extraction time and temperature

Extraction time and temperature are very important experi-
mental factors to define the optimum extraction conditions
from the HS. Since time affects the mass transfer of the an-
alytes onto the fiber, optimum time is required for the fiber
to reach equilibrium with HS. To study the effects of extrac-
tion time, Saaz hop-essential oil samples were extracted for
predetermined extraction times ranging from 15 to 60 min at
40�C. The results are shown in Fig. 2A. A typical extraction
time profile consists of an initial rapid portioning followed by
a slower prolonged uptake and finally a steady-state equilib-
rium between the fiber and the vapor phase of the analyte. As
can be observed, over 30 min, no significant increase in the re-
sponse was observed. Moreover, 30 min showed excellent re-
producibility (RSD = 1.0%) when compared with 45 (RSD =
8.4%) and 60 min (RSD = 6.8%).

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com



J. Sep. Sci. 2012, 35, 2282–2296 Other Techniques 2289
T
a

b
le

2
.

R
et

en
ti

o
n

ti
m

es
,l

it
er

at
u

re
,a

n
d

ca
lc

u
la

te
d

K
ov

at
’s

re
te

n
ti

o
n

in
d

ic
es

(R
I)

,m
et

ab
o

lit
es

id
en

ti
fi

ca
ti

o
n

,m
/z

o
f

m
aj

o
r

fr
ag

m
en

t
io

n
s,

an
d

ef
fe

ct
o

f
fi

b
er

ty
p

e
o

n
th

e
p

ea
k

ar
ea

(n
=

3)
(×

10
6

ar
ea

u
n

it
s)

o
f

te
rp

en
o

id
m

et
ab

o
lit

es
fr

o
m

h
o

p
-e

ss
en

ti
al

o
il

o
f

S
aa

z
va

ri
et

y
as

d
et

er
m

in
ed

b
y

H
S

-S
P

M
E

/G
C

-q
M

S
[5

2]

Pe
ak

no
.

RT
a)

(m
in

)
RI

lit
b)

RI
ca

lc)
Id

en
tifi

ca
tio

nd)
M

et
ab

ol
ite

M
Fe)

m
/z

f)
Si

m
ila

rit
y

(%
)

Pe
ak

ar
ea

(×
10

6
ar

ea
un

its
)±

RS
D

(%
)

DV
B/

CA
R/

PD
M

Sg)
PD

M
Sg)

CA
R/

PD
M

Sg)
PD

M
S/

DV
Bg)

PE
Gg)

PA

1
1.

42
-

90
8

M
S,

RI
Is

op
re

ne
C 5

H 8
32

,6
7,

53
96

0.
1

±
7.

8
-

0.
4
±

1.
2

0.
7

±
1.

5
-

-
2

3.
92

10
07

10
16

M
S,

RI
,S

T
�

-P
in

en
e

C 1
0H

16
93

,7
7,

12
1

93
0.

7
±

9.
7

1.
0

±
2.

8
0.

6
±

2.
9

0.
5

±
2.

5
0.

1
±

3.
1

0.
02

±
8.

2
3

4.
77

10
75

10
57

M
S,

RI
Ca

m
ph

en
e

C 1
0H

16
93

,1
21

,4
1

94
0.

04
±

8.
7

0.
2

±
9.

5
0.

1
±

8.
5

0.
3

±
3.

2
0.

01
±

5.
5

-
4

5.
73

11
16

11
07

M
S,

RI
,S

T
�

-P
in

en
e

C 1
0H

16
93

,4
1,

69
91

2.
4

±
1.

2
5.

8
±

3.
9

3.
0
±

3.
2

3.
2

±
8.

0
0.

5
±

2.
7

0.
1

±
1.

3
5

8.
79

11
45

11
35

M
S,

RI
,S

T
�

-M
yr

ce
ne

C 1
0H

16
93

,6
9,

41
97

15
3.

3
±

1.
1

19
1.

1
±

1.
7

15
9.

3
±

1.
9

12
6.

7
±

1.
9

27
.7

±
2.

5
7.

6
±

5.
0

6
9.

53
11

80
11

72
M

S,
RI

,S
T

Li
m

on
en

e
C 1

0H
16

68
,9

3,
79

93
1.

3
±

1.
3

1.
1

±
5.

0
1.

2
±

5.
0

1.
7

±
7.

6
0.

3
±

2.
9

0.
1

±
2.

1
7

10
.0

1
11

85
11

82
M

S,
RI

�
-P

he
lla

nd
re

ne
C 1

0H
16

93
,7

7,
13

6
95

1.
1
±

2.
6

0.
2

±
6.

8
0.

9
±

5.
1

1.
1

±
1.

0
-

-
8

11
.6

4
12

42
12

46
M

S,
RI

tra
ns

-�
-O

ci
m

en
e

C 1
0H

16
93

,7
9,

41
89

0.
1

±
1.

2
0.

1
±

7.
4

0.
1
±

1.
1

0.
1

±
2.

4
0.

01
±

4.
2

-
9

11
.7

9
12

62
12

67
M

S,
RI

,S
T

�
-T

er
pi

ne
ne

C 1
0H

16
93

,1
36

,7
7

91
0.

1
±

1.
4

0.
1

±
3.

3
0.

1
±

2.
6

0.
1

±
2.

7
0.

01
±

3.
5

-
10

12
.4

8
12

74
12

79
M

S,
RI

ci
s-

�
-O

ci
m

en
e

C 1
0H

16
93

,7
6,

41
92

2.
1

±
1.

3
2.

6
±

3.
2

2.
2
±

2.
5

1.
5

±
2.

5
0.

2
±

1.
0

0.
03

±
1.

3
11

13
.1

5
-

12
90

M
S,

RI
,S

T
o-

Cy
m

en
e

C 1
0H

14
11

9,
32

,1
34

95
0.

1
±

1.
9

0.
1

±
2.

7
0.

1
±

1.
3

0.
04

±
1.

3
0.

01
±

1.
2

-
12

13
.7

5
12

84
12

80
M

S,
RI

�
-T

er
pi

no
le

ne
C 1

0H
16

93
,1

21
,1

36
97

0.
1

±
3.

4
0.

1
±

3.
6

0.
1
±

1.
0

0.
1

±
2.

8
0.

01
±

1.
1

-
13

22
.8

8
12

95
13

05
M

S,
RI

Pe
ril

le
ne

C 1
0H

14
O

69
,8

1,
15

0
96

0.
2
±

1.
5

0.
2

±
8.

6
0.

2
±

2.
9

0.
2

±
2.

5
0.

03
±

2.
3

-
14

26
.0

7
14

76
14

81
M

S,
RI

Yl
an

ge
ne

C 1
5H

24
10

5,
11

9,
16

1
95

0.
4

±
2.

0
0.

2
±

5.
8

0.
3
±

2.
0

0.
2

±
3.

2
-

-
15

26
,6

4
14

80
14

91
M

S,
RI

�
-C

ub
eb

en
e

C 1
5H

24
16

1,
11

9,
10

5
91

1.
2

±
2.

0
0.

8
±

1.
7

0.
8
±

1.
6

0.
7

±
3.

5
0.

1
±

2.
2

0.
3

±
1.

6
16

33
.6

2
16

63
16

21
M

S,
RI

,S
T

�
-H

um
ul

en
e

C 1
5H

24
13

3,
93

,6
9

96
48

.1
±

7.
5

52
.8

±
2.

0
41

.4
±

1.
5

36
.8

±
3.

7
10

.9
±

2.
6

3.
1

±
8.

0
17

38
.6

3
16

57
16

65
M

S,
RI

,S
T

�
-C

ar
yo

ph
yl

le
ne

C 1
5H

24
93

,8
0,

12
1

93
42

.4
±

4.
1

21
.3

±
2.

3
16

.8
±

1.
9

15
.4

±
3.

6
3.

6
±

2.
5

1.
0

±
2.

2
18

39
.9

0
16

81
16

87
M

S,
RI

�
-M

uu
ro

le
ne

C 1
5H

24
16

1,
10

5,
11

9
88

1.
7

±
2.

7
1.

3
±

2.
8

0.
9
±

1.
8

0.
8

±
1.

4
0.

6
±

3.
3

0.
1

±
1.

9
19

41
.4

0
15

66
15

54
M

S,
RI

M
et

hy
lg

er
an

at
e

C 1
1H

18
O 2

69
,4

1,
11

4
90

3.
7
±

1.
1

3.
1

±
4.

2
1.

3
±

3.
1

2.
3

±
2.

0
0.

4
±

2.
8

0.
1

±
3.

2
20

41
.8

9
17

24
17

13
M

S,
RI

,S
T

�
-S

el
in

en
e

C 1
5H

24
18

9,
16

1,
93

92
0.

8
±

9.
8

0.
2

±
2.

3
0.

2
±

6.
8

0.
4

±
4.

1
0.

2
±

3.
0

0.
04

±
2.

3
21

42
.5

0
-

17
44

M
S,

RI
�

-M
uu

ro
le

ne
C 1

5H
24

10
5,

16
1,

93
89

0.
3

±
2.

5
0.

3
±

1.
8

0.
2
±

1.
6

0.
2

±
4.

1
0.

1
±

3.
6

0.
02

±
1.

4
22

44
.5

9
17

49
17

40
M

S,
RI

,S
T

(+
)-�

-C
ad

in
en

e
C 1

5H
24

16
1,

13
4,

11
9

89
1.

9
±

2.
2

1.
6

±
1.

8
1.

0
±1

.5
1.

0
±

4.
2

0.
4

±
2.

6
0.

1
±

1.
0

23
45

.8
8

-
17

55
M

S,
RI

,S
T

Cu
be

ne
ne

C 1
5H

24
11

9,
10

5,
16

1
93

0.
3

±
5.

4
0.

2
±

5.
7

0.
1
±

1.
2

0.
2

±
4.

4
0.

1
±

3.
8

0.
01

±
7.

1
24

46
.6

0
-

17
69

M
S,

RI
N

ap
ht

ha
le

ne
H4

,7
DM

1R
h)

C 1
5H

24
10

5,
16

1,
91

96
0.

2
±

2.
5

0.
1

±
2.

1
0.

1
±

2.
0

0.
1

±
4.

7
0.

1
±

6.
3

0.
01

±
9.

8
25

48
.2

7
-

17
80

M
S,

RI
�

-F
en

ch
en

e
C 1

0H
16

79
,3

2,
67

95
0.

1
±

3.
0

0.
1

±
4.

6
0.

02
±

2.
7

0.
04

±
5.

2
0.

01
±

1.
1

0.
01

±
1.

0
26

49
.3

0
18

00
17

89
M

S,
RI

,S
T

3-
Ca

re
ne

C 1
0H

16
69

,9
3,

41
98

0.
9

±
2.

5
0.

4
±

1.
1

0.
3
±

2.
3

0.
4

±
5.

0
0.

3
±

1.
2

0.
04

±
8.

0
27

51
.6

8
18

25
18

35
M

S,
RI

,S
T

ci
s-

Ge
ra

ni
ol

C 1
0H

18
O

69
,4

1,
93

92
0.

2
±

2.
0

0.
1

±
3.

9
0.

1
±

3.
2

0.
1

±
2.

0
0.

1
±

1.
0

-
To

ta
lp

ea
k

ar
ea

(×
10

6 )
26

3.
7

28
5.

0
23

1.
8

19
4.

4
45

.6
12

.4
A

ve
ra

ge
RS

D
(%

)
3.

4
3.

9
2.

7
3.

4
2.

8
3.

9
N

o.
m

et
ab

ol
ite

by
fib

er
27

26
27

27
24

17

a)
R

et
en

ti
o

n
ti

m
e

(m
in

).
b)

K
ov

at
’s

re
te

n
ti

o
n

in
d

ex
re

p
o

rt
ed

in
th

e
lit

er
at

u
re

fo
r

B
P

-2
0

ca
p

ill
ar

y
co

lu
m

n
o

r
eq

u
iv

al
en

ts
[5

3]
.

c)
K

ov
at

’s
re

te
n

ti
o

n
in

d
ex

re
la

ti
ve

n
-a

lk
an

es
(C

8
–C

20
)

o
n

a
B

P
-2

0
ca

p
ill

ar
y

co
lu

m
n

.
d)

T
h

e
re

lia
b

ili
ty

o
f

th
e

id
en

ti
fi

ca
ti

o
n

o
r

st
ru

ct
u

ra
lp

ro
p

o
sa

li
s

in
d

ic
at

ed
b

y
th

e
fo

llo
w

in
g

:M
S

-N
IS

T
an

d
W

ile
y

lib
ra

ri
es

sp
ec

tr
a

an
d

th
e

lit
er

at
u

re
;R

I—
K

ov
at

’s
re

te
n

ti
o

n
in

d
ex

o
n

a
B

P
-2

0
ca

p
ill

ar
y

co
lu

m
n

in
re

fe
re

n
ce

[3
0]

;S
T

—
co

in
je

ct
io

n
w

it
h

au
th

en
ti

c
st

an
d

ar
d

co
m

p
o

u
n

d
s.

e)
M

o
le

cu
la

r
fo

rm
u

la
.

f)
O

rd
er

ed
b

y
d

ec
re

as
in

g
in

te
n

si
ty

,b
ei

n
g

th
e

p
ea

k
b

as
e

th
e

fr
ag

m
en

t
o

n
th

e
le

ft
si

d
e.

g)
M

ea
n

o
f

tr
ip

lic
at

e
as

sa
ys

±
R

S
D

(r
el

at
iv

e
st

an
d

ar
d

d
ev

ia
ti

o
n

=
10

0
s/

x)
,w

h
er

e
s

is
th

e
st

an
d

ar
d

d
ev

ia
ti

o
n

o
f

n
m

ea
su

re
m

en
ts

an
d

x
is

th
e

m
ea

n
o

f
th

e
sa

m
e

n
m

ea
su

re
m

en
ts

h
)

1,
2,

4a
,5

,6
,8

a-
h

ex
ah

yd
ro

-4
,7

-d
im

et
hy

l-
1-

(1
m

et
hy

le
th

yl
)-

,[
1R

-(
1-

al
p

h
a,

4a
.a

lp
h

a,
8a

.a
lp

h
a)

]-
n

ap
h

th
al

en
e.

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com
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Figure 2. Influence of the extraction time on the extraction ef-
ficiency of terpenoid metabolites by HS-SPME (fiber 50/30 �m
DVB/CAR/PDMS, extraction temperature of 40�C), expressed as
(A) total peak area; and (B) profile of major terpenoid metabolites
(a.u. arbitrary units).

The extraction time profile of the major terpenoid
metabolites in essential oil from hop of Saaz variety is repre-
sented in Fig. 2B. For some analytes, higher chromatographic
responses were observed for longer sampling time. The peak
area for �-myrcene decreased with time, while �-humulene
and �-caryophyllene reach the steady-state equilibrium at 30
and 45 min, respectively. Considering the results for the 27
identified terpenoid metabolites, an extraction time of 30 min
was chosen as a good compromise between obtaining an op-
timized chromatographic signal and a reasonable analysis
time. In addition, the lower extraction time can extend the
lifetime of the SPME fiber.

The extraction temperature presents several effects on
extraction efficiency. The temperature increases diffusion co-
efficients and Henry’s constants while the time required to
reach equilibrium decreases [54]. To evaluate the effect of tem-
perature on SPME extraction efficiency, different extraction
temperatures (24, 30, 40, and 50�C) were investigated. The
results concerning total GC-qMS peak area as a function of
temperature are illustrated in Fig. 3A. It can be observed that
the extracted amount increases with the increase of the ex-
traction temperature. Increase in extraction temperature will
improved the mobility of volatile compounds through liquid

Figure 3. Effect of the extraction temperature on the extraction
efficiency of terpenoid metabolites from Saaz hop-essential oil
by HS-SPME (fiber, 50/30 �m DVB/CAR/PDMS, extraction time, 30
min; (A) total peak area of the terpenoid fraction; and (B) profile
of the major terpenoid metabolites (a.u. arbitrary units).

and gas phases leading to an increase in extraction amounts.
However, increasing temperature over 30�C, no significant
increase in the total response was observed. In addition, in
what concerns the GC-qMS response (based on peak areas)
as a function of temperature (Fig. 3A), a high reproducibility
was obtained at 40�C (RSD = 2.9%) in comparison to 30�C
(RSD = 11.4%) and 50�C (RSD = 16.4%), respectively; there-
fore, 40�C was selected as extraction temperature for further
studies.

The absorption kinetics at different temperature of the
most abundant terpenoid metabolites absorption found in
hop-essential oil is shown in Fig. 3B. As well for extraction
time, and taking into account the three major compounds
(�-myrcene, �-humulene, and �-caryophyllene), it can be ob-
served that an extraction temperature of 30�C afforded the
highest extraction sorption for �-myrcene, in contrast to �-
humulene and �-caryophyllene that extraction efficiency was
highest when the HS-SPME extraction was performed at
50�C. From these findings, an absorption temperature of 40�C
was chosen in order to maximize the analytical response of
all compounds.

The conditions selected as optimal for the establishment
of the terpenoid metabolomics pattern from hop-essential oil

C© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.jss-journal.com
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Figure 4. (A) A typical GC-qMS chromatogram of volatile fraction of the Saaz hop-essential oil isolated by HS-SPME (extraction conditions:
DVB/CAR/PDMS fiber at 40�C during 30 min; for GC-qMS conditions see Section 2.5, for details on peaks identities see Table 2); and (B)
pattern of the Saaz hop-essential oil terpenoid fraction obtained by HS-SPMEDVB/CAR/PDMS/GC-qMS methodology.

of Saaz variety were 50/30 mm DVB/CAR/PDMS fiber at
40�C for 30 min.

3.1.3 Determination of terpenoid metabolites in

hop-essential oil derived from Saaz variety by

HS-SPMEDVB/CAR/PDMS/GC-qMS

The optimized HS-SPME/GC-qMS methodological condi-
tions were used for profiling the terpenoid metabolomics
pattern of the hop-essential oil from Saaz variety. A char-
acteristic GC-qMS profile of Saaz hop-essential oil obtained
with a DVB/CAR/PDMS fiber using the experimental opti-
mized conditions is shown in Fig. 4A.

A total of 27 terpenoid metabolites (Table 2 and Fig. 4B)
were identified in the HS of the essential oil from the Saaz
hop variety. Among these, 60.7% were monoterpene hydro-
carbons, 37.7% were sesquiterpenes hydrocarbons, and it

also contained 1.52% oxygenated monoterpenes and 0.04%
hemiterpenes. Table 2 shows the identified terpenoid metabo-
lites, their RI values listed in order of elution on a BP-20
capillary column, and the relative composition. The chemical
structures of the terpenoid metabolites in the essential oil of
hop from Saaz variety are summarized in Fig. 5.

The major constituents in the hop-essential oil from Saaz
variety were the monoterpene (5) �-myrcene (53.0 ± 1.1%
of the total volatile fraction), and the cyclic sesquiterpenes
(16) �-humulene (16.6 ± 0.8%) and (17) �-caryophyllene
(14.7 ± 0.4%), which together account for 84.3 ± 1.5% of the
volatile essential oil. Metabolites found at low content include
(4) �-pinene (1.8%), (19) methyl geranate (1.4%), (10) �-cis-o-
cymene (0.7%), (22) (+)-�-cadinene (0.7%), and (6) limonene
(0.5%). The results are according to Nance and Setzer [52],
who reported that the main constituents of hop-essential oil
derived from Saaz variety are �-myrcene, �-humulene, and
�-caryophyllene.
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Figure 5. Chemical structures of terpenoid metabolites determined in hop-essential oil from Saaz variety.

These compounds are interesting from the standpoint
of pharmacological, because of their antimicrobial activity
[55] as well as to their anti-inflammatory effects [56]. On the
other hand, limonene (6) and �-pinene (4) have been reported
as antitumor [57] and antimicrobial [55] agents, respectively.
Biological activities and odor description of some plant sec-
ondary metabolites found in hop-essential oil derived from
Saaz variety are summarized in Table 3.

The odor threshold of �-myrcene (5) in water has been
determined to range between 13 and 36 ppb [69], and so is
expected to exert a large impact on the odor profile of the es-
sential oils. This has been supported in studies using GC-O
[3]. It has odor descriptors of resinous, herbaceous, balsamic,
and geranium-like [3]. �-Myrcene (5) and essential oils con-
taining this monoterpene have been widely used as scenting
agents in cosmetics, soaps, detergents, and as flavoring addi-
tives in food and beverages. Lorenzetti et al. [70] reported that
�-myrcene is a peripheral analgesic substance and the active

ingredient in lemongrass (Cymbopogon citratus) tea. This po-
tion is widely used in folk medicine to treat gastrointenstinal
disturbances and as a sedative and antipyretic [3]. Farnesene
was found to be present in some cultivars but not in others.
It was not found in the oils of Saaz hops. Dehydration of
�-terpineol gives limonene (6), the major hydrocarbon of cit-
rus oils but also present in hop-essential oil. Limonene (6) is
probably the precursor of the bicyclic monoterpenes such as
�- (2) and �-pinene (4) and camphene (3). Limonene (6) can
also disproportionate into o-cymene (11) [3].

4 Concluding remarks

A HS-SPMEDVB/CAR/PDMS/GC-qMS methodology was devel-
oped that allowed to profiling the terpenoid metabolomic pat-
tern of hop-essential oil from Saaz variety.
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The importance of terpenoids is not limited to their
aromatic properties; they are also associated to insect re-
pellent activity and to desirable properties in the human
health.

Concerning the application of the developed methodol-
ogy to the Saaz hop-essential oil, it was possible to identify
in their HS 27 terpenoids, which include 13 monoterpenes,
ten sequiterpenes, three oxygenated monoterpenes, and one
hemiterpene. According to GC-qMS analysis, the terpenoid
fraction of the Saaz hop-essential oil is dominated by the
monoterpene �-myrcene, and the cyclic sesquiterpenes �-
humulene, and �-caryophyllene, which together account for
84% of the volatile hop-essential oil. Considering the wide
range of biological and pharmacological activities associated
to terpenoid metabolites, and taking into account the highest
content of these metabolites in hop-essential oil derived from
Saaz variety, we can estimate that this matrix can be used as a
powerful and valuable natural biosource of terpenoid metabo-
lites. In brief, our findings suggested that the essential oil de-
rived from hop Saaz variety and its effective constituents can
be explored as a powerful biological source for newer, more
selective, biodegradable and naturally produced antimicrobial
and antioxidant compounds, as an environmentally friendly
alternative to synthetic chemicals to control some bacterial
strains, fungs, and insects.

Future works will include studies on biological activity of
the hop-essential oil through the evaluation of their antibac-
terial, antifungal, and antioxidant activity.
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Sep. Sci. 2009, 32, 1875–1888.

[43] Ferreira, L., Perestrelo, R., Câmara, J. S., Talanta 2009,
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