Identification of Hop Varieties by Gas Chromatographic Analysis of

Their Essential Oils

Capillary Gas Chromatography Patterns and Analyses of Hop Oils from

American Grown Varieties

RON G. BUTTERY AND LOUISA C. LING

Capillary gas chromatography patterns and tables
of percentage composition are given for hop oils
from the American grown hop varieties Cluster
(early, late, seeded, seedless); Fuggle (seeded,
seedless); Bullion (seeded and seedless); Brewers

Gold (seeded, seedless), and Talisman (seedless).
A scheme is described whereby each variety can
be readily distinguished from the others by its
capillary gas chromatography pattern and by the
relative percentages of certain components.

Different hop varieties are rather difficult to distin-
guish by physical appearance especially after the hops
have been picked and baled. There had been no relia-
ble method available to identify the varietal origin of
picked hops or hop concentrates until the recent publica-
tion of Likens and Nickerson (4), who were able to
characterize the different American varieties by the
packed column gas-liquid chromatography patterns of
the volatile hop oil. The present work is an extension
of the method of Likens and Nickerson, but using capil-
lary column gas chromatography to differentiate the
varieties. Capillary gas chromatography with its
higher resolution over packed column gas chromatog-
raphy separates more components for any particular
hop oil and thus gives a greater number of differentiat-
ing factors.

Experimental

Hop Oil Samples. These were received from Likens
and Nickerson in sealed tubes and were kept stored at
—30° F. until analysis. The sources and isolation of
the oils are as described by Likens and Nickerson (4.)

Capillary Gas-Liquid Chromatography. The capil-
lary columns were 130-foot long by 0.01-inch id.
stainless steel coated with Silicone SF-96(100) contain-
ing the tail reducing agent Igepal CO-880 (5 7, by weight
of the silicone); the carrier gas was helium at a flow
rate of 11 cm. per second and an inlet pressure of 10
p.si.; sample size was 3 ul., injector temperature
200° C. with a split of 1/300; column oven was pro-
grammed at 50° to 160° C. at 0.5° per minute and held
at the upper limit; detection was by flame ionization
detector.

Peak areas were automatically measured using a
Perkin-Elmer Model D-2 digital integrator and printer.
All components were assumed to have the same de-
tector response, and the percentages in Table I are cal-
culated on this basis.

Western Regional Research Laboratory, Agricultural
Research Service, U. S. Department of Agriculture,
Albany, Calif. 94710.

Results and Discussion

Figure 1 shows typical curves for the oils from the
different American varieties. Table I lists the relative
percentages of the components of each oil. The identi-
fication of hop oil components has been outlined in
previous publications (I-3). With seedless vs. seeded,
late vs. early, and different growing areas there are
minor differences in certain components and some
quantitative differences especially with the ratio of the
C,; components (humulene, etc.) to Ci, components
(myrcene, etc.). However, the main character of the
pattern remains essentially the same with the same
variety regardless of these above variables. A scheme
for differentiating the varieties without regard to the
growing variables is outlined below and shown dia-
grammatically in Figure 2.

A Scheme for Differentiating American Hop Varieties
According to the Capillary GLC Pattern of the Steam
Volatile Qil. The American oils can be put first into
two main groups, which for convenience will be re-
ferred to as groups I and II.

Group I contains the varieties Bullion and Brewers
Gold. The requirements for group I are as follows:
peak 39 (geranyl acetate) greater than or approximately
equal to peak 41 (copaene); peak 25 (methyl non-
anoate) greater or approximately equal to peak 31
(2-undecanone); peak 52 (Santalene-type sesquiter-
pene) greater than peak 56a (2-tridecanone and others).

The Bullion variety may be distinguished from the
Brewers Gold by the following conditions: Bullion
has peak 34 (methyl deca-4,8-dienoate) considerably
greater than peak 35 (methyl geranate); peak 50b
(geranyl propionate) greater or approximately equal to
peak 52 (Santalene type sesquiterpene); peak 39
(geranyl acetate) greater or approximately equal to peak
34 (methyl deca-4,8-dienoate).

The Brewers Gold variety may be distinguished from
the Bullion by the following conditions: peak 35
(methyl geranate) greater or approximately equal to
peak 34 (methyl deca-4,8-dienoate); peak 52 (Santal-
ene type sesquiterpene) usually considerably greater
than peak 50b (geranyl propionate); peak 34 (methyl
deca-4,8-dienoate) considerably greater than peak 39
(geranyl acetate).

VOL. 15, NO. 3, MAY-JUNE 1967 531



S0°
cl

£9°
|t4

8y
418

€
T’

123

LO

£t
€

sy
61"
z
.

ST
|t4

—_—— O

coco

cco~ o

0

C NO

!
0
0
0

ISl
URWISI[E], POpPo9s

$T0
860
89°0
8970
v10
Y00
Y0 0
€00

L1°0
80°0
60°0

6070
€e’0
S0
SI0

o
08°0
80°0
LE°0
1£°0

66 0
61°0
8o
SE0

ysem

$S9|
PRS

81°0 vI°0
£e0 ¢'0 0 sI'o 2ro 1 13 |
19°0 S§L°0 9L°0 0 650 89°0 680
IS0 1S°0 TL0 £€9°0 LLO 6570 L0
€0 t'0 8930 t1’0 210 00 800
10°0 10°0 60°0 800 20°0 9070
800 W0 vCo v0°0
900 TWo0 ST0 ¥0°0
' €00
SI'0 ¢I'0 610 €0 8C0 o 0
cr'o <o c0 80°0 LO'O 10°0
¥0°0 00 100 600 00
I'0 %0 ¢TC0 P0O°0 €070
a0 €0 €00 80°0 800 1070
Leo 8o 9o €0 80 S0 SE°0
€0 €0 vE0 €90 8¥°0 90 v o
LT°0 S1'0 $T0 120 0 0 910
LT°0 0 I€0 Leo oo €e'0 LT
LT°0 0 €0 <1 $S6°0 't $S°0
S0°0 ¢0°0 S00°0 600 100 o s0°0
60 8¢°0 a0 £e0
vo o t€0 1€°0 LTO €E°0 620
yo 80 80 $0 $0 €e’0 ¢€0
't S6°0 £l 61 ¢'1 t£¢ I4
S1°0 600 V170 9¢'0 ¢6T°0 ¢c’0 810
Ly 8¢ 124 69 19 <L a9
£9°0 890 10 I't 680 <1 I
€0 <10 €10 &0 Lo €0 620
I'o €00 <00 L1°0 120 0 €10
y'o ¥£°0 9¢°0 S0 LV'O 90 600
uodoI() uoddI) ‘yYsepy UogaIi(y uoga() U0 uoddIQN
SS9 $$9] popaasg  ss9| popaas  $S9]
“P9S  -PIRS P39S )
9133n4 uorjng PO s1amarg

6v
9T

44
sO°
90"
YA
10°
0
ST

8¢”

L6

SL”
ST

8¢

8y’
.
LS’

N
ST
Y0
o1

vy <t
< N

cocccoco

—

<

<

< - O

8¢

0
0
0
0

uogaiQ
popaas

vl

—

4
%
vL O
vE0
600
L0°0

vy

Lo

[0
00
S0°0
S1°0
10°0

|81
10
SI°0

L9°0
8¢°0
t0'0
€0
IZ°0

90
9°¢C
90

89
98°0
6£°0
L0°0
I 0

ysem

$89]
PRS

=)

9
£t
c0°
PO’

¢

I
0’
0’
60’
0’
19
£

61"

4

0s”
€0’
8¢”
L

6¢"
L
(4%

17}
L9”
(a8
€8’

cCoccCcooC

0

ccoo <

S N o

0
0
0

oyep|
SS9

1018n1) Ne]
sanoueA doH UMOID) UBILIDWY WO IO JNRIOA WEINS 3} W punoy spusuodwo)) Jo s3ejuadiog Anepy ‘I dqel,

g

vy
vy

6¢’
80°
L

ce”
ST

60°
38
10

z
8"
YA

L’

99

60"
6t

£t

8y
¢
IL”

I
1§
I
g

=N

coo s o

=

0

o O wm e

S N o

OO —~

uo3210)
PopaIsg

Lo Tl
€1 81
0z 0¢C
P90 90
§T0 870
1270
61°0 +0°0
PE0  TE0
ST°0 €10
8070
P00 P00
0 o
€0°0 100
L9°0 180
81°0  ¥0
£1°0  TO
£€°0 9v°0
€20 S0
Y00 8070
o 1o
910 €T0
6£0 SS°0
61 tv
00  $0
142 8¢S
L0 T
Lro I
600 L1°O
I€0 260
‘ysem  oyepy
SS9 SS9|
-pPS  -padg

191sn) Alieg

1BOULRIIP [AYIDN
reursod Ay
1OURIP-8°H-BIIP [AYIPN
J)BOUI-H-03p AP

QuourddpUN-

AP3yourIq) S1eoURIIP [KYPN
00 "M

(payouriq) uoueddpuN-¢
d1eIAINQoST [A1doH

J1ROUBUOU [AUPWN

,ABOUDUOU AW + 3eJ08 [A100
Jreuordoud [K1daf

U3} pa1euddAx(
Jrouridayorys [AyPRN

91RIAINQOS! [AXOH

21ROURID0 JAYIDN

[oorRuI

ajeuordoad [AXoH

J1B0OURID00SI [AYIDA
21BOUBXIYOIY) [AYIDN
91pIAINQOS! [A1uad 4 audwQ
,uadio],
,uadia],
ausuowry

9120Ud-Z-Xay Ay}
Ayrowr + areourrday [AYDA
971eIAINQOSI [AINQIAYISN-C
91RILINQOST JAINQIAYION-E
QUADIAIN

uauig-¢f

euordoad 1ANQIAYIoN-C

Juaulg-o

NeILINqost [AdoId[AYPN-C
RNNMISU0)) JO AJuap|

9¢
33
P
£t
£
0¢
6c
8¢
9C

Y4
14
£C
44
I
174
61
B8l

91

4}
£l
41
A
BOI

gﬁmmw O~ 00 &

Head

532 J. AGR. FOOD CHEM.



DANEIUD) AINUIPI 1OBXY q
‘UMOUYUR 10 DANBIUD) DIOW AJUIP] »

7Y vL'o SO0 vC°0 o I'o <¢o'¢ 810 SIO 0 SC0 10 S0 ¢0o sro o Ty 9L
L0 o 1o €0 1I1o §s¢0 100 Y10 €80 LSO 9t0 4 2 (A €0 SL
¥6°0 €0 vI'o 6£0 1£°0 ¢e0 SO0 €0 S¥O yr vLo <o PS0 S6°0 ¢tV O SI9YIO - SUO-Z-UBIP-6'9-LIOPEIUd] vl
St 0 €0 600 0 Lo 0 0 110 ¥o €0 900 1€0 600 T €L
SO0 20T "MIN 2uadadnnbsas "AX()  BJL
170 €0 €10 SsC0 81'0 <0 3 V) v0 €0 §C0 10 ¥0 91POURRPLY [AYIIN - BOL
80 0 800 8CO0 8¢°0 8CO0 €070 I'o0 S0°0 0¢c 80 600 I1°0 LV O §'I  PuourdIpeN]-Z -+ Ipixoda susnumy 0L
yo <0 $00 ¥0°0 €070 [A) »49159 QuadIa |, S9
0 0o SI'0 €0 €0 v0 9C°0 L0 880 vL' 0 0 0o $9°0 auadioynbsa§ B9
970 9’0 820 €00 <20 800 €0 60 10 q9UO-Z-U2-6-09pBIID, P9
S1°0 00 S0°0 ¥0°0 €0 ¥I'o LO°O 0 80 600 «((payouRIq) SUOUEIIPRIPL-T £9
§0 €0 I'o 8170 Lo 10 €0°0 610 €0 €0 0 900 €1'0 SC0 900 ¥ "ON dusuIes a9
I€°0 €0 800 €10 S0°0 <10 €00 SI'0 LI'O ¢0 €10 SO0 1'0 120 <200 € 'ON 2uaulpPg 19
v'c | 'l | L0 80 ¢SS0 60 860 vl S60 60 L0 91T LY0 auduIpe)-¢ 09
S I\ : L 90 vTo : : : : : susmpeD)-A 8§
[4
: (O | 01 <1 vl wa.o 760 68°0 'l 1 I <1 I vl I 2R1L)NqOS! |KUTIRD) S
81 | 90 I v¢0 8v0 ¢0 v0 1 91 (4! S1 L1 i UOUBRPHI-T  BYS
§¢°0 80 SCO0 0 60 90 0 AN\ L0 860 IS0 ¢£0 8€°0 I $€°0 JUIPS-0 9s
10 620 S1°0 ST0 IS0 LSO 20 990 850 980 SS°0 ov 0 60 60 €0 JudUIAS-¢ 123
§1 $8°0 S0 vLO v 0 9°0 €0 90 90 9.0 W0 SPO o 80 0 (ad4y sudpeiuES) duadisynbsag 4
9121AINQOSI [K1ION IS
vL'0 ¥5°0 12°0 S1°0 ¢0 dreuordoxd jAuereny  qQS
Y20 8¢°0 0 sTo Le0 LSO 88°0 ¢€¥0 €0 6C°0 SIo uosouled  BOS
9'¢ 9T 44 0t <L cl [ It €0l vo STl L1 86 Ic 88 Jud[nunH 0s
€970 $0 A €0 0 [y 60°0 $S°0 §0 9L'0 S0 LEO 6C°0 ¥'o 970 ,AUad1)Inbsog 8
C '8 9 '8 L 4 L9 6t $9 ¢'9 6'8 s vy % v'8 9'¢ JuajAydoAie) Ly
£0°0 Z20°0 1070 €00 S0°0 Preouadapun [AYRN St
€0 10
L0°0 €070 Lo S1°0 9070 ro soo e0o T o a4
070 €00 €070 0 L0 LT0 6£°0 860 TO PIROUEIIPIAYISW-6 AN [4%
Y0 ge’0 Sro Sg0 ¢ero v1°0 1°0 0 L0 Ie0o 91’0 I1°0 o veo <o suaedo) |§7
10 1'0 ¢0°0 SO0 €00 <00 L0°0 9170 L0°0 €0°0  LO0O  T0°0 suadiaymbsag U%
vl €60 80°0 100 €00 00 00 J1e1AOE [AURIID 6¢
SI°0 9070 9181908 [AION 8¢

00 100 60°0 91RIAINQOST [A100 L€

VOL. 15, NO. 3, MAY-JUNE 1967 533



8, uy, LATE CLUSTER a
REGON
1“ 160 SEEDED OREGC
, ol [ ‘
N N
s s ]
i e} ¥ . W
' \ [] A !
B IR » gl
| TR P L
m‘ ) h I I Wl wii
" ‘ ! 4 N L 1
| now S f R ¢ | fu? ‘J! | Jl s
|
Sl W N J"J Vit
. b S B R
a
H_LATE CLUSTER jy |
Sy ™~ 1 seeouess ~
14 36 waSH, "
0 | ! Rt Tt
oM \ 1 Bl
¢ i § 1
12 -
l \"J i \ ;
L] s
o <l i
l‘ ksz"wi\ ""‘ 'l||‘”"I ) w |' 2
Qye RN U N Y D AR NN S
LATE CLUSTER
5 SEEDLESS 1GAHT
El ™
» “ A
) LY [ !
all 1
- " Hm i
55
Hw { ¢ I8 | }
" |‘/ ‘| ) ! [T
] 8 " S s l '
by nw l \l [N » : I
" ’,’ A .".l‘ LR C ook L
— aati ey oA A AL JAE.
L L Y ! | ]
74“ ZW 180 150 120 80 60 30 0
MINUTES
"} EARLY CLUSTER ,4 ‘L b
] oA
v n \“ SEEDLESS DARO
[ S
\HJ“ s
ol |
Il | q
n 2 B i

un
s | ;
™, ‘, i ' \ rsz\

" /5 15 b
i i I ;
3 411 I i
Mo L ”n k] n n | A
N u L gl / o
B0 “ | 7 SR 4 1 [ [
H Mu \_,,\, ‘2iz| I )
U ,\d _»WUM o Lo i
| i
™ EARLY CLJUSTER :
)3 SEEDED OREGON "t
5
v % 1 5 .
a /i
v
86, |

EEW IR

1 LK ! I

EARLY CLUSTER |
SEEDLESS wASH

9 20 wn IE(J 120 0
MINUTES

BREWERS GOLD

T SEEDED OQREGON ”
P I
sl 3 ‘
/ 5!
7 0
st } - w N
LAY - |
i ‘ /|
- ) ‘ n I i ' “ i “Az ‘
Y] : : i
¥ e n\‘[m‘ J =, p B L ‘ |
NS Jw;‘-ux Z ;41;/ . | e bl k)
s BREWERS GOLD i
LN Hoeeniess orecon 1’y
i o g
m su/ o' a
N
\ “‘ o
1 !
g, ¥ n i Ny !
3 | ﬂ | ;
nu ;” r“‘ # » ‘[ B Y
s /:n 0 R
et ; IR S A
e B ik e
" /” BREWERS GOLD ”I |
/5“ SEEDLESS waSH [N
o ow i
%/ s 1
HE !
“ ]
6 ’ £
" 91, g
1 m, | '\' il ' lf’ ) 5 ) " i !
wd l7n‘ ] 1 LS
3 M\\ S f fy o it ]
L ; 0 g e
e ~L_w,“_z&..ﬂu‘f lJ_JJ‘I 1
| { L
P21} ZW IBU 150 120 8

MINUTES

534 J. AGR. FOOD CHEM.

BULLION 1 ‘\‘ d
P seenen omeson g |||
9 |

1 I BULLION M
:’. -‘ SEEDLESS OREGON ] “
) [ 4
"y - r
h e o
s »
‘\i/ | I wy |
" “ . .
[ » " !
:7“ n'?""‘,‘ g N ] fa) L " |'| ‘ | |'|”‘, ‘
AN AT B oLV UL SR

n

’;”::M EJ{ W\JE“LC‘ \ Ln ln 2

TALISMAN i

§ 3

My JJM_,_N

l e L —)
"l 1' ] |2l L] U b ] )
MINUTES
|
“ol FuGaLE ‘ e
o SEEDED OREGON
'
A
W
1
| W "w A
“ l w il
L u P
ol ‘\\ E ( ‘
7;\ * v e 4 2|
7'!‘ jou ﬁwﬂ W wl:,.J'« ny b » L ; u o
n
FUGGLE
i SEEDLESS OREGON
[l - Yo
o T i g
56, ! » 18y Ll
’:1 i / ; ‘i « o
1]} % w\ i i vo\‘ Lo
L M “ l ‘\ ! ﬂ u \iul “ LRSI
! ; §
7’|7« g af “ u\ ) an‘E\ w2 i
JRLNCHIWT ]} " » W vl ] l \ U .4‘,',_L,r P J
|
/” EUGGLE
L SEEDLESS WASKH !\.7 A
L EAEE -
I My
8| 3
L i ‘
Vlg
757[ N HH\ 7 “ 5 J " ”J ' 3
n % m“hl‘ ||H ‘05 “ \m‘lz'"‘? :nlull ]HN
.A_L
1 I | 1 J
%0 2|D 180 150 TZU 90 Eﬂ 3 )
MINUTES

Figure 1.

patterns

Capillary gas-liquid chromatography
of samples of hop oils from varieties

indicated in the figures

Capillary gas-liquid chromatography conditions used
are described in the text

Group II contained the varieties Cluster (Early and
Late), Fuggle, and Talisman.
group II are as follows:
ably greater than peak 39 (geranyl acetate);
(2-undecanone) greater than peak 25 (methyl non-
peak 56a (2-tridecanone plus others) greater
or approximately equal to peak 52 (Santalene-type

anoate);

sesquiterpene).

The Cluster variety may be distinguished from the
Fuggle and Talisman by the following conditions:
peak 30 (methyl branched decanoate) is greater or ap-
proximately equal to peak 41 (copaene);
(methyl 9-methyldecanoate) is greater or approximately
equal to peak 41 (copaene);
approximately equal to peak 52 (Santalene-type ses-
quiterpene).

The requirements for
peak 41 (copaene) consider-
peak 31

peak 42

peak 54 (3-selinene) is
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Figure 2. A scheme for differentiating American
hop varieties according to the capillary GLC pattern
of the hop oil shown diagrammatically

The Fuggle and Talisman varieties may be distin-
guished from the Cluster by the following conditions:
Peak 41 (copaene) is greater than peak 30 (methyl
branched decanoate); peak 41 (copaene) is consider-
ably greater than peak 42 (methyl 9-methyldecanoate);
peak 52 (Santalene-type sesquiterpene) is considerably
greater than peak 54 (3-selinene).

The Fuggle variety may be distinguished from Talis-
man by the following conditions; Peak 18a (linalool)
greater than peak 19 (methyloctanoate); peak 31
(2-undecanone) much greater than peak 36 (methyl-
decanoate); peak 24 (octyl acetate and methyl non-
enoate) approximately equal to peak 25 (methyl non-
anoate).

The Talisman variety may be distinguished from the
Fuggle by the following conditions: Peak 19 (methyl
octanoate) considerably greater than peak 18a (linalool);
peak 36 (methyl decanoate) greater or approximately
equal to peak 31 (2-undecanone); peak 25 (methyl
nonanoate) considerably greater than peak 24 (octyl
acetate and methyl nonenoate).

The capillary GLC analyses of hop oils could gen-
erally be carried out on a relatively routine daily basis.
However, the capillary columns usually deteriorated
giving lower efficiencies after about three months of
continual use. This deterioration probably results
from the fact that hop oil usually contains about 17 of
the high boiling bitter constituents of hops which steam
distill to some extent with the oil. The normal injec-
tion of hop oil naturally carries some of the high boiling
material onto the capillary resulting in its eventual de-
terioration. The capillary columns therefore usually
required replacement or recoating about once every three
months of continued use.

A preliminary study of some samples of European
varieties (Hallertau, Spalt, Tettnang, Styrian, Gebirg),
of Australian varieties (Ringwood Special, Golden
Cluster, Late Grape),and of a Japanese variety (Shinshu-
wase) indicates that these can also be readily identified
and classified according to the capillary GLC pattern of
their steam volatile oils.
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