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The craft beer market Is rapidly growing . As brewers strive to differentiate Principal component analysis (PCA) of extracted compounds from the

their products from competitors, there Is an increasing Interest In gaining a different hopping regimes and the hot water hop extract showed significant

petter understanding of how hoppy aroma and flavour develops In beer. To differences Dbetween the samples (Figure 1). The volatile profiles were

nelp brewers optimise hop character, and to make beer with distinctive hop further Investigated to Identify the compounds responsible for this

discrimination

orofiles, a Dbetter understanding of the role that yeast play In the
development of hop character Is required .
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The current study sought to identify hop derived compounds in beer late

¢ flame-out hopping @ ethyl acetate % i g?ricﬁggfri%crl)oate

no aroma hop 1 ® hop extract 3 - terpinen-4-ol

no argma hop 2 ® |ate hopping 0.2 I | [ ® Unidentified 4 - 2-nonanol

pentyl-cyclopropane 5-9 - unidentified
¢ no aroma hop 10 - humulene
11 - hexahydro-1,1-dimethyl-4-

isopropylcyclobutane methylene-2H-cyclopenta[a]furan
12 - methyl-4-methylene hexanoate
13 - 2-methyl-3-methylbutyl butano ate

hopped with Nelson Sauvin hops, and to determine aroma compounds that
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are influenced by yeast during fermentation
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1. Identification of hop Influenced aroma compounds In beer made using 5 68 e resnas ﬁgpeﬂ::,;;t? :
Nelson Sauvin hops by comparing Ilaboratory scale brews of aroma o] ®eeropang L
hopped and un-hopped beers. e e
2. Classification of aroma compounds from hops and/or fermentation by T o oo astemngd o s
comparing late hopped (boil, 5 min), flame -out hopped (90° C, 5 min), o ® fomecttrong I ;:8'654

® dihydrolinalool

not aroma hopped beer, and hot water hop extracts . ' ' ' ' .
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Methods Figure 1 : PCA of the different brews and  the hot water hop extract and
loadings of significant compounds

Brewing protocol Compared to beer produced without the addition of aroma hops, the number

Laboratory scale beer samples were produced with three different hopping = Of aroma compounds detected Increased by 31 and 27 compounds for beer
regimes (Table 1). - produced with either flame -out hopping or late hopping, respectively .

U All wort was standardised to 10e P (1040 OG) and received constant
bittering addition with Waimea hop pellets (20 IBU) . Ethyl heptanoate , ethyl nonanoate , U-terpineol , terpinen -4-ol, 2-undecanol

U After 30 min boiling, aroma hops were added as described in Table 1, and 2-nonanol were detected In the beer produced with either flame -out

before being cooled to 20e C hopping or late hopping but not in the hot water hop extract or in the un-

U Fermentation was carried out in EBC tall tube fermenters (- 2.5L) at 20e C | hopped beer. U-Terpineol has been reported previously to be a hop -derived
for 5 days with California Ale yeast (White Labs WLPOO1; pitching rate:

1.4x107 cells/mL) followed by maturation

compound (1). Ethyl decanoate was present at a significantly higher

at 2e Cfor 7 days. concentration in beer containing aroma hops compared to beer that did not.

Table 1 : Hopping regime of the three different brews It is interesting to note that the ethyl esters (ethyl heptanoate , ethyl

Hopping regime nonanoate ) were found in the beer containing aroma hops but not in their

No aroma hop addition

absence . As these compounds are normally associated with yeast cell

No aroma hop

boilihg (5 min) " metabolism, their detection suggests that the addition of hops has caused a
Flame - out hopping Nelson Sz;u\gne(S@g/rIT_])ina)lddltlon e change In the metabolic pathway employed by the yeast. Five unidentified
| ate hooo Nelson Sauvin (5g/L) addition - compounds also increased significantly in concentration owing to flame -out
PPINS boiling (5 min) hopping compared to their concentrations in the hot water hop extracts or
For the hot water hop extract, Nelson Sauvin hops (5g/L) was extracted In the un-hopped beer.
water for 5 min at 90e C
Volatile ana|y5is ,. . Volatile compounds  derived directly from hops ( Amyrcene, linaool
Volatile compounds were extracted with headspace - solid phase micro humulene ,  cis-2,6-dimethyl -2,6-octadiene, hexahydro -1,1-dimethyl -4-
extraction (HS-SPME) and analysed with gas chromatography i mass | methylene -4H-cyclopenta[a]furan, pentyl Isovalerate ,  2-methylbutyl
spectrometry  (GC-MS; Agilent 7890 B GC, 5977 A MSD). - Isobutanoate , methyl  4-methylenehexanoate, pentyl propanoate , 2,6-

| dimethyl -2-octene) were higher in the beer containing aroma hops

Beer samples (8mL + 2.3g NaCl in 20mL HS vials) were equilibrated at
40e C for 5 min Dbefore extraction with SPME (PDMS-DVB-CAR fibre), iy
exposed for 30 min at 40° C. The fiore was desorbed for 6 min at 240eC |

- compared to the beer that did not contain aroma hops and they were also
present in the hot water hop extract .

(splitless ) and volatile compounds were cryofocused at -60eC. |

Volatiles were separated using a 30m x 0.25mm i.d., 0.25um SOLGEL WAX Conc|usi0ns

column with hydrogen carrier gas at 1.emL/min . GC program : 40e Cfor 3
min, 40-100e Cat 7e C/ mi1@0,-240e Cat 4e C/ milad min hold. Each beer
sample was analysed In triplicate . The confidence level for statistical tests
was >95%.

There appears to be a significant impact between hops and yeast In the
development of hop aroma as the brewing process, including fermentation,

resulted In the development of aroma compounds that were not present In
the absence of aroma hops or in hot water aroma hop extracts .
For the identification of unknown trace compounds, other extraction
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methods with increased sensitivity are currently under investigation
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