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lNTRODUCTLON 

Several hop oil components have been found in hopped wart, but most do not 
survive the brewing process and do not appear in the final product. Identified as 
being present in the hopped wort were methyl dec-4-enoatc and methyl deca-4,8- 
dienoater. Evidence reported here demonstrates that these compounds probably are 
trans-esterified and that they appear in the final product as the ethyl esters. 

Ml3THOD 

We collected steam-volatile, pentane-soluble concentrates from 9 1 of commer- 
cially prepared wort (before and after hopping), fermented wort, and ale by using a 
combination distillation-extraction apparatus (see Fig. L) previously describedl. 
The concentrates were’evaporated to ioo ~1. A sample (4 ~1) of the whole concentrate 
was analyzed by gas chromatography. The oxygenated and hydrocarbon fractions 
were separated on a silicic acid column (0.5 x 10 cm, 13.5 o/o moisture). The hydro- 
carbon fraction was eluted with IO ml pentane, and the oxygenated fraction eluted 
with IO ml diethyl ether. The fractions were concentrated to 200 ~1 and an aliquot 
analyzed by gas chromatography. The remainder of the oxygenated fraction was 
concentrated to about, 20 ~1 and saponified with 50 ~1 2 O4, KOH in go y. MeOH. 
The saponification was carried out in a sealed ampoule kept at IOOO for I 11. 

The non-sa.ponifiables, including alcohols, were extracted with pxrtane, concen- 
trated and analyzed by gas chromatography. Thy aqueous phase was then acidified 
with a few drops of IO N H,SO, and extracted with ether. The ether estract was 
concentrated and pentane added. The solution’ ‘was divided into 2 parts and evapo- 
rated in separate ampoules. Esterification was carried out with ,approximately 50 ~1, 
of methyl or ethyl alcohol containing z o/o H,SO,. The ampoule was sealed and kept at 
IOOO for I h. A few drops of water were added and the esters were extracted from the 
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aqueous phase with pentane. The pentane extract was concentrated to 25 ~1 and an 
aliquot taken for gas chromntographic analysis. The procedure followed in separating 
the concentrates is outlined in Table I. 

Fig 1. Distillation-extra&ion apparatus. The steam-volatiles from Lhc sample are extra&cd 
conl;inuously in fresh pcntanc. The aqueous phase is returned to the large distilling flask Lhrough 
arm B. The pentanc is r&urned through arm A and concenLrated in the small tube. 

Standard ethyl esters, were prepared from reference samples of methyl dec-4- 
enoate and methyl deca-4,8-dienoste supplied by Dr. BUTTERY*. 

A ‘Late Cluster’ hop oil (the variety used in the commercial samples) was 
separated on a silicic acid column. The methyl and ethyl esters we;‘e prepared from 
the saponified portion of the oxygenated fraction. 

Gas-chromatographic separations were made on an l/s in. x 27 ft. column 
packed with 2 o/o BDS coating on 60/80 mesh Chromosorb “I?” at x44”, 27.5 p.s.i. N, 
inlet pressure, I : 3 split with hydrogen flame detector. 

RESUL’IS AND DISCUSSION 

.The commercial brew had been hopped at the rate of 0.5 lb/bbl. Approximately 
260 p.p.b. methyl dec-4-enoate and ~65 p.p.b. methyl deca-4,8dienoate were available 

_ 
* Consultant: for Lhe United States Brewers Association aL the Western Ulkization Research 

and DevelopmenL Division, Albany, Calif. 
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TABLE I 

SEPARATION OF CONCENTRATES FROM WORT, FERMENTED WORT, AND ALE 

WHOLE CONCENTRATE (ZOO ,d) 

(stescm distillable, pcntanc-soluble) 

(silicic acid chromatography) 

OXYGENATED FRACTION (ZOO ,!.d) 

I 
(z % KOW in go yO MeOH) 

HYDROCARBbNS (ZOO /.d) 

(myrconc, caryophyllcne, humulene, etc.) 

ShPONIPIABI.ES (100 /Al) NONSAl’ONIJ7IAl3LES (100 /.d) 

(esterification with 2 y. H,SO,) 

I I 
METHYL ESTERS (25 ,Ul) ETHYL IZSTERS (25 /.41) 

to the wort. According to previous experiments2~3, only 20 o/O of the available hop 

oil remains in the wort. The remainder is lost during boiling or is discarded with the 
spent hops. Table II shows the amounts found in wort, fermented wort and ale, 

Previous results showed that there were no peaks corresponding to methyl 
dec-4-enoate or methyl deca-4,8dienoate in unhopped wortr. Fig. z shows the appear- 
ance of these peaks in the oxygenated fraction of hopped wort. Peak number one is 
methyl dec-4-enoate and number two is methyl deca-4,8-dienoate. (The small peak 
following number one is undecanone-2, which disappears upon saponification.) These 
correspond to the methyl esters prepared from Late Cluster hop oil. These peaks 
have no counterparts in the oxygenated fraction of the aie. However, the two peaks 
numbered 3 and 4 (ethyl dec-4-enoate and ethyl deca-4,8-dienoate) do correspond to 

TABLE II 

RECOVERIES OB METHYL AND ETHYL ESTERS Ol7 DEC-4-ENOLC AND DECkj.&DLENOLC ACIDS 

Available 
p.p.b. al 
0.5 Zblbbl. 

A@roxivnate p .p 3. recovered 

Worlr Fcrmenled AZ0 
worrl 

Dee-4-cnoate 2Go 33” 919”l” 
Deca-4,8-dienoate 165 31’ 35” 

a As methyl esters. 
b As ethyl esters. 
0 Interference from fermentation product. 
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Fig. 2. Chromatograms demonstrating the presence of methyl dso-q-enoak (I) and methyl deca- 
q,&dicnoate (2) in hop oil ind weft, and ethyl dec-4-enoate (3) and ethyl dgca-4,8-dienoate (4) 
in ale. 
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the ethyl esters prepared from hop oil and hopped wort. For further evidence toward 
the identity, the methyl esters prepared from the oxygenated fraction of ale are 
compared to the methyl esters of hop oil and the oxygenated fraction of hopped wort. 

Only those compounds that are oxygenated and saponified are possibilities 
for the peaks found in fermented wort and ale. Comparison of retention times of the 
ethyl and methyl esters prepared from reference samples, hop oil, wort, and ale show 
that they are practically identical. 

Ethyl deca-4,8-dienoate appears in ale in the same proportion that methyl 
deca+84lienoate appears in wort (Fig. 2). However, the ethyl dec-+enoate peak, 
number three, appears in much higher concentration in ale than the methyl ester in 
wort. The ester is probably composed of the trans-estericed ester from hop oil plus 
additional ethyl dec-+enoate formed during fermentation. The added increment 
could include ethyl dec-g-enoa.te, identified in beer by STRATING AND VZNEMAQ, 
which would not be resolved from ethyl dec-+enoate by this procedure. 

CONCLUSLON 

It has been shown that methyl deca-4,8-dienoate is trans-esterified during 
fermentation, and that it is ,present in the final product as ethyl deca-4,8-dienoate, 
Methyl dec-4-enoate has been identified in the hopped wort and probably appears as 
the ethyl. ester in the final product. 

From the data on an ale prepared with a 0.5 lb/bbl. hopping rate, it can reason- 
ably be assumed that a similar transformation occurs in beer hopped at the rate of 
0.2 to 0.3 lblbbl., and that these esters would appear in concentrations of 12 to 
20 p.p.b. It has been reported that the flavor threshold of the methyl esters is IO and 
18 p.p.b. in distilled wale@. It is very likely that these compounds contribute to the 
hop flavor and aroma in beer. 

SU.MMARY 

Steam-volatile, pentane-soluble concentrates collected from wort and beer 
were analyzed by gas chromatogl. aphy. Two hop oil components, methyl dec-+enoate 
and methyl deca-4,8-dienoate, were identified in wort. Evidence is presented to 
demonstrate that these compounds are probably trans-esterified during fermentation, 
and that they appear in the final product as the ethyl esters. 
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