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Abstract 

A novel dynamic headspace technique was developed in the Food Safety and Quality Testing Laboratory 

(FQSL) of UASVM Cluj-Napoca for determination of volatile compounds from hop. The aim of this study 

was to characterize the Magnum hop variety and their hop products by analysis the composition of volatile 

compounds using in-tube extraction gas chromatography–mass spectrometry (ITEX-GC–MS). This 

technique has enabled a comparative study of the composition of aroma compounds in cones, pellets and 

the volatile oil. ITEX /GC-MS technique, called “Dynamic Headspace - HD” allows a better qualitative 

evaluation of flavor compounds than “Static Headspace - SH”. A number of 32 to 48 compounds were 

separated and identified from all types of Magnum samples. The major volatile compounds found in 

Magnum hop variety were: β-myrcene, caryophyllene, α-caryophyllene (humulene), α-pinene, β-pinene, D-

limonene, β-phellandrene. 
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1. Introduction 

Hop (Humulus lupulus L.) plants are essential in the 

brewing industry. The composition of hop essential 

oil has been studied extensively using many 

different analytical techniques for the separation and 

identification of the volatile organic compounds 
[1,2]. Volatile or essential oil (e.o.) consists of 

volatile compounds collected by steam distillation 

or hydro distillation and other methods from plant 
material and can be used to identify plant species 

and varieties. Selection of parents for hop breeding 

depends upon agronomic and chemical 

characteristics. Over 250 chemical constituents have 

been identified in the essential oil of hop (Humulus 

lupulus L.) [3]. As each hop variety has a typical 

essential oil pattern, hop oil analyses can be used to 

identify hop varieties [4,5,6] and hop authenticity.  

Due to this fact, the identification of the hop cultivar 
is a very actual question as well as the development 

of the methods for this purpose. Hop producers need 

methods for distinguishing the cultivars to claim 

their rights and expect high precision; on the other 

hand, the brewers need to keep standard quality of 

beer by using standard quality raw materials, and 

they expect the identification methods to be simple 

and well reproducible. Certificate of origin of hops 
is an important tool for traceability of beer [7]. 

In-tube extraction (ITEX) combines efficient 

sample extraction, with selective analyte 
concentration and rapid transfer of target 

compounds to the GC-MS systems. A micro trap 

filled with adsorbent material, such as Tenax is 

placed between the HS syringe and the syringe 

needle allowing a rapid, simple and efficient 

extraction and concentration of volatile and semi-

volatile sample compounds during headspace 

analysis [8,9]. 

In the present work the volatile compounds from 
Magnum hop variety, cultivated in Romania, were 

determined. The aim of this paper was to determine 
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the volatile composition of cones, essential oil and 

pellet samples from the same hop variety, using the 
ITEX/GC-MS technique, to establish the 

compositional differences of these Hop products. 

 

2. Materials and Method 

The analyses were carried out in the Food Quality 

and Safety Testing Laboratory (FQSTL) from the 

University of Agricultural Science and Veterinary 

Medicine from Cluj-Napoca (USAMV). 

 

Plant material. 

The samples of Magnum hop cones and pellets were 

obtained from a Romanian hop grower from 
Sighisoara region. Magnum is a hop variety 

originated from Germany and acclimatized in 

Romania. It is classified as a supper Alfa hop 

variety, with usually alpha acids content between 

12% and 14% with a bitterness taste and pleasant 

flavor. The hop cones were air dried 48 hours, in a 

cool dark place. The samples were codified as 

follows: MG - C (dried cones), MG –Ceo (essential 

oil from dried cones), Mg-P (pellets) and MG-Peo 

(essential oil from pellets). 

 

Essential oil extraction. 

Samples of hop essential oil were isolated by hydro 
distillation: 50 g of ground hop cones/ hop pellets 

(ground in a coffee mill) were weighed into a 700 

ml distillation flask. The distillation time was 3 

hours since the distillation begins. At the end of 

extraction the obtained essential oil was collected 

and measured. 

 

ITEX analysis. 

The parameters for the method 
(ITEXT20s60t30m1) were: incubation temperature 

60
o
C; incubation time 20 minutes, number of 

strokes 30. Depending on the sample type, the 
following weight or volumes were: for the MG-C – 

0.20 g, MG-Ceo - 1µL, MG-P – 0.15 g and for the 

MG-Peo - 1µL.  

The other parameters were maintained constant for 

all samples: syringe temperature 60ºC; agitation 

speed 500 rpm; extraction volume 1000 µL; 

extraction speed100 µL/s; desorption temperature 

200ºC; trap cleaning temperature 250ºC; trap 

cleaning time 2 min. The used ITEX fiber was a 
ITEX-II Trap (G23)-SilicoNert 2000, Tenax TA 

80/100 mesh, ea, fiber. After incubation a 250 µL 

headspace sample was injected in the GC-MS 
injector.  

 

GC-MS analysis. 

The analyses were carried out on a Shimadzu GC-

MS QP-2010 model gas chromatograph - mass 

spectrometer equipped with an AOC-5000 auto 
sampler (CombiPAL). A Zebrone ZB - 5ms column 

of 50m x 0.32 mm i.d. and 0.25 µm film thickness 

was used for the analyses. The parameters for the 
method were: injector temperature 250.0ºC; 

pressure 93.1 kPa; linear velocity 44.0 cm/s; split 

ratio 1:200; carrier gas – helium; detector MS; ion 

source temperature 250.0ºC; interface temperature 

250.0ºC; MS mode EI, scan range 50-400u; scan 

rate 2000u/s. The program for column oven 

temperature was: 60ºC (3 min) to 160ºC at 3ºC/min 

to 150ºC (10 min). Due to the high concentration of 

myrcene and caryophyllene the detector sensitivity 

was changed to ranges 8.90-9.80 (min) and 30-31 
(min). The identification of separated compounds 

was made based on the comparison of the obtained 

mass spectra with the ones from the mass spectra 
libraries, NIST27 and NIST147. 

 

 

3. Results and Discussion 

The volatile compounds extracted and separated 

from the hop samples using the described 
ITEX/GC-MS methods, are presented in Table 1. 

The overlaid chromatograms for  the samples are 

presented in Figures 1-2. 

The main volatile constituents of hop dried cones 

are: β-Myrcene (53.19%), β-Pinene (12.11%), 

Caryophyllene (6.73%), α-Pinene (2.91%), β-
Phellandrene (2.73%), D-Limonene (2.12%). The 

Linalool (1.87%), β-cis ocimene (1.17%),  α-

Cariophyllene (0.90 %), δ-Cadinene (0.81 %), γ-

Murolene (0.44%), α-Murolene (0.40%), 

Germacrene D (0.38%), 3-Carene (0.14%), α-

Cubebene (0.12%), being also identified in the 

analyzed samples. In lower concentration were 

found γ-Terpinene (0.03%) and α-Selinene (0.06%). 
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Table 1. The chemical composition of the Magnum variety samples, using the ITEX/ GC-MS technique 

;o. Compound Retention 

time (min) 

Concentration (% from total peaks area) 

 

MG - C MG-Ceo MG-P MG-Peo 

1 1,3-Octadiene 4.341 0.13 - - - 
2 2-Hexenal, (E)- 4.930 - 0.35 - 0.15 

3 Propanoic acid, 2-methylpropyl ester 5.224 0.88 0.30 0.39 0.18 

4 1-Butanol, 3-methyl-, formate 5.499 0.05 0.07 0.08 0.10 

5 1,5-Heptadiene, 2,6-dimethyl- 5.627 - 0.06 - 0.12 

6 Linalool 6.528 1.87 0.21 1.97 1.69 

7 Hexanoic acid, methyl ester 6.833 0.88 0.34 0.24 0.17 

8 1,3-Nonadiene, (E)- 6.953 1.00 0.21 0.99 0.22 

9 α-Pinene 7.221 2.91 0.96 3.69 1.68 

10 Thiopivalic acid 7.418 0.24 0.26 0.33 0.19 

11 Camphene 7.806 0.04 0.07 0.24 0.12 

12 2-Pentanol, propanoate 8.513 3.78 4.93 3.96 5.10 

13 β-Pinene 8.810 12.11 6.28 15.41 8.05 
14 β-Myrcene 9.265 53.19 27.28 50.17 26.93 

15 α-Phellandrene 9.924 - - 0.14 - 

16 Propanoic acid, 2-methyl-, 3-

methylbutyl ester 10.157 1.01 1.49 1.45 1.67 

17 Propanoic acid, 2-methyl-, 2-

methylbutyl ester- 10.292 1.92 3.27 3.34 4.53 

18 Heptanoic acid, methyl ester 10.619 1.68 3.33 0.79 0.67 

19 N.I. 10.730 1.03 1.68 - - 

20 D-Limonene 10.877 2.12 1.70 2.94 2.23 

21 β-Phellandrene 10.941 2.73 2.12 1.97 1.34 

22 β-trans ocimene 11.158 - 0.09 0.09 0.16 
23 β-cis ocimene 11.621 1.17 1.39 1.51 1.21 

24 γ -Terpinene 12.140 0.03 0.05 0.05 0.10 

25 Methyl 6-methyl heptanoate 13.437 0.26 0.17 0.27 0.50 

26 2-Nonanone 13.630 - 0.13 - 0.08 

27 Butanoic acid, 2-methyl-, 2-

methylbutyl ester 14.213 - 0.03 - 0.04 
28 N.I. 14.476 - - - 0.04 

29 Octanoic acid, methyl ester 15.186 0.10 0.48 - 0.25 

30 Nonanoic acid, methyl ester 19.890 - 0.47 - - 

31 2-Undecanone 23.173 - 0.76 - 1.22 

32 4-Decenoic acid, methyl ester 23.894 0.80 4.46 0.49 4.77 

33 N.I. 24.100 - 1.10 - - 

34 Methyl nerolate 24.506 0.08 0.68 0.09 1.38 

35 Decanoic acid, methyl ester 24.630 - 0.45 - 0.42 

36 α-Cubebene 25.647 0.12 0.23 0.13 0.02 

37 2-Dodecanone 26.180 - 0.19 - 0.06 

38 Ylangene 26.660 - 0.18 0.05 0.27 
39 Copaene 26.955 - 0.64 - 0.91 

40 Pentadecanoic acid, methyl ester 27.554 - 0.09 - 0.10 

41 Caryophyllene 28.910 6.73 22.37 6.01 22.71 

42 Germacrene D 29.354 0.38 0.92 0.27 0.62 

43 alpha.-Caryophyllene 30.487 0.90 4.13 0.76 3.65 

44 α- Selinene 31.939 0.06 0.52 0.18 0.51 
45 N.I. 32.267 - - 0.32 1.02 

46 α-Murolene 32.381 0.40 0.18 0.08 0.49 

48 3,6-Dodecadienoic acid, methyl ester 32.705 - 0.47 - 0.31 

49 3-Carene 32.813 0.14 0.83 0.24 0.83 

50  γ - Murolene 32.982 0.44 1.49 0.52 1.31 

51 δ -Cadinene 33.197 0.81 2.59 0.83 1.87 
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In essential oil from dried cones, the main identified 

compounds, from qualitative point of view, were  
the same as those found in dried cones : β -Myrcene 

(27.28 %), Caryophyllene  (22.37 %), β -Pinene 

(6.28%), α-cariophyllene (4.13 %), β-Phellandrene 
(2.12 %), δ-Cadinene (2.59 %), γ-Murolene 

(1.49%), β-cis ocimene (1.39%),  Germacrene D 

(0.92%),  D-Limonene (1.70%), α-Pinene (0.96 %), 

3-Carene (0.83%), α-Selinene (0.52%), α-Cubebene 

(0.23 %), Linalool (0.21%) and  α-Murolene 

(0.18%), also γ-Terpinene (0.05%) were found in 
lower concentration. Instead, in the essential oil 

sample two new compounds were separated and 

identified: Ylangene (0.18 %) and Copaene ( 0.64 
%).  

Comparing the two categories of samples (dried 

cones and essential oil) it can be notice a decrease 

of β-Myrcene, α-Pinene, β-Pinene, β-Phellandrene, 

α-Murolene, Linalool and D-Limonene, while 

Caryophyllene, α-cariophyllene, α-Cubebene, 

Germacrene D, 3-Carene, β-cis ocimene, γ-

Murolene and δ-Cadinene were found in high 

concentration. 

The compounds that where separated from pellets 
sample were: β-Myrcene (50.17 %), β-Pinene 

(15.41%), Caryophyllene (6.01 %), α-Pinene (3.69 

%), D-Limonene (2.94 %), Linalool (1.97%), β-
Phellandrene (1.97% ), β-cis ocimene (1.51%), δ-

Cadinene (0.83 %), α-cariophyllene (0.76 %), γ-

Murolene (0.52%), 3-Carene (0.24 %), Germacrene 

D (0.27%), α- Selinene (0.18%), α- Phellandrene 

(0.14 %), α-Cubebene (0.13 %) and in lower 

concentration were found : α-Murolene (0.08%), 
Ylangene (0.05 %) and γ-Terpinene (0.05%). 

In essential oil from pellets, the main identified 

compounds were: β-Myrcene (26.93 %), 
Caryophyllene (22.71 %), β-Pinene (8.05%), α-

Caryophyllene (3.65 %), D-Limonene (2.23 %), δ-

Cadinene (1.87 %), α-Pinene (1.68 %), Linalool 
(1.69%), β-Phellandrene (1.34 %), γ-Murolene 

(1.31%), β-cis ocimene (1.21%), Copaene (0.91 %), 

3-Carene (0.83%), Germacrene D (0.62%), α- 

Selinene (0.51%), α-Murolene (0.49%),  Ylangene 

(0.27 %) and in lower concentration : γ-Terpinene 

(0.10%) and α-Cubebene (0.02 %). The 
concentration of β-Myrcene, D-Limonene, α-

Pinene, β-Pinene, β-Phellandrene, β-cis ocimene, 

Linalool and α-Cubebene from essential oil sample 
are lower than pellets, but the concentration of 

Caryophyllene, α-Caryophyllene, 3-Carene, 

Germacrene D, α-Selinene, α-Murolene, γ-

Murolene, δ-Cadinene and Ylangene are higher. 

Ylangene and Copaene were separated and 

identified only in essential oil, also α- Phellandrene 

was found only in hop pellets sample, from all 

Magnum samples. 

The hop samples are rich in esters; many are present 

in a homologous series. It holds true about the group 
of fatty acid methyl esters with linear chain in the 

order of hexanoate to dodecanoate. 

Other compounds as: 2-Hexenal, 1,5-Heptadiene, 
2,6-dimethyl, 2-Nonanone, Butanoic acid, 2-methyl-

, 2-methylbutyl ester, Decanoic acid, methyl ester, 

2-Dodecanone, Pentadecanoic acid, methyl ester 

and 3,6-Dodecadienoic acid, methyl ester, were 

found only in essential oil samples. They are 

probably, oxidation compounds, formed due to high 
temperatures that we need during the steam 

distillation process. 

 
 

Figure 1: The overlapping ITEX /GC-MS chromatograms of MG-C and MG-Ceo 
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Figure 2: The overlapping ITEX /GC-MS chromatograms of MG-P and MG-Peo 

 

 

 

4. Conclusion 

The obtained results show that the ITEX-GC/MS 

method is suitable for the determination of volatile 
compounds from hop samples; a number of 32 to 48 

compounds were separated and identified from 

Magnum samples.  

The major volatile compounds found in Magnum 

hop variety were: β-myrcene (26.93-53.19%), 

cariophyllene (6.01-22.71%), α-cariophyllene 
(humulene) (0.90-4.13%), α-pinene (0.96-3.69%), 

β-pinene (6.28-15.41%), D-limonene (1.70-2.94%), 

β-phellandrene (1.34-2.73%).  

The other, minor volatile constituents of Magnum 

hop variety were: γ-Murolene, 3-Carene, 

Germacrene D, α-Selinene, α-Murolene, γ-

Terpinene, β-cis ocimene, Linalool, α-Cubebene 

and δ-Cadinene. 

The results obtained by this method can be used for 
discrimination of hop varieties by chemometrics 

analysis. 

The next step in our future researches is to run a 

comparative study on the composition of the 

volatile oil isolated from hop varieties in different 

phenophases: during the formation, ripening and 

harvesting cones. 
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