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* O que é |lupulo velho?;

* HSI e a relacao com envelhecimento e oxidacao;
* Envelhecimento e perfil aromatico;

» Acidos graxos de cadeia ramificada;

* OK, mas porque so agora?;

* Conclusao e Proximos Passos
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* Manutencao das caractaristicas fisico-quimicas:
* Resinas — Compostos de Amargor
e Oleos — Compostos de Aroma

* Manutencao das caracteristicas organolépticas:
* Percepcao e qualidade do amargor
* Perfil Aromatico

 Caracteristicas sensoriais do lupulo # cerveja

e HS| (Hop SEorage Index) como principal indicador da 2A ‘ %,2% ”%?ADA
deterioracao? agraria CERVEEIRN
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HSI e a relacao com envelhecimento
e oxidacao
* A degradacao do lupulo acontece principalmente por processos

oxidativos;

* HSI é a principal metodologia de analise para identificar a
deterioracao do lupulo;

* Analise espectofotométrica - facil e baixo custo;
* Importante para identificar a degradacao dos alfa acidos;
e Relevancia atualmente? Lupulos aromaticos e de duplo proposito?
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rorez78 HS| e a relagao com envelhecimento
e oxidacao

* 15 compostos
derivados da oxidacao

~ dea-e9de B-acidos

~ jaforam identificados

. Figure 1. Structures of a-acids, cohumulone (1a), n-humulone (1b), adhumulone (1c), prehumulone (1d), posthumulone (1e); and
i P-acids, colupulone (2a), n-lupulone (2b), adlupulone (2¢), prelupulone (2d), postlupulone (2e); and cis-iso-a-acids, cis-isocohumulone
¢ (3a), cis-iso-n-humulone (3b), cis-isoadhumulone (3c); and trans-iso-a-acids, trans-isocohumulone (4a), trans-iso-n-humulone (4b),
! trans-isoadhumulone (4¢); and humulinones, cohumulinone (Sa), n-humulinone (5b), adhumulinone (5¢); and cis-humulinic acids,

a.R= CH[CH,),

b. R= CH,CH(CH,),

¢. R= CH(CH,) CH,CH,4
d. R= (CH,),CH(CH.),

e. R= CH,CH, ! cis-cohumulinic acid (6a), cis-n-humulinic acid (6b), cis-adhumulinic acid (6¢); and trans-humulinic acids, trans-cohumulinic acid (7a),
: trans-n-humulinic acid (7b), trans-adhumulinic acid (7¢); and tricyclodehydroischumulone (8); and hulupones, cohulupone (9a),
Y n-hulupone (9b), adhulupone (9c¢); and hulupinic acid (10); and 4'-hydroxy-allohumulinones, 4'-hydroxy-allocohumulinones (11a),
Hard resins oxidation 4'-hydroxy-allo-n-humulinones (11b), 4'-hydroxy-alloadhumulinones (11c).
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non-specific spectrophotometric analysis measuring extinction/absorption

extraction solvent:

toluene diluted with (alkaline)

methanol

e oxidacao

extinction/absorption
at 275 and 325 nm

HSI

=A275nm/A 325 nm

* ASBC Analytical Methods, online. Hops-12, Hop Storage Index (HSI) [1979, revised in 1881 and 2008]
* American Society of Brewing Chemists, St. Paul, MN, USA. doi: 10.1094/ASBCMOA-Hops-12

HSI e a relacdo com enveIheumento
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source: Ferreira et. al, ASBC Joumnal, 75, 04/2018
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e oxidacao

non-specific spectrophotometric analysis measuring extinction/absorption

extraction solvent: extinction/absorption

toluene diluted with (alkaline) at 275 and 325 nm
methanol

HSI=A275 nm /A 325 nm

* ASBC Analytical Methods, online. Hops-12, Hop Storage Index (HSI) [1979, revised in 1981 and 2008]

w2zl HS| e a relacdo com envelhecimento
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-~ HS| e arelagdo com envelhecimento

&m®” e oxidagdo

* Valores de HSI podem ser categorizados em 3 grupos:
* Fresco:< 0,32
* Levemente envelhecido: 0,33 - 0,40
* Envelhecido: 0,41 — 0,50
* Muito envelhecido: 0,51 — 0,60
* Velho: > 0,61

VOLYCAQ DA
s ‘ Lo RiEncHA
agraria CERVEJEIRA



V +4 \ (7

= agraria ONEY
f e y )
W3 (}

. CONGRESSO
_TECNICO

_:"'Z? o
e‘%’ ~L 19

HSI e a relacao com envelhecimento
e oxidacao

 Fatores que influenciam o HSI:
* Variedade
 Safra/Clima
* Processamento
* Formacao de iso-a-acidos durante a armazenagem
* Armazenagem
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e oxidacao ..

0,34

e Variedade

03

HSI

0,28
0,26
0,24
0,22

-acids (inert)

— 1 a-acids (inert)

measurement value

time

K= HS|e arelagdo com envelhecimento

A(275nm)  A(oxi-comp.)
"A(325nm) A(c-acids)

AR sam

0.90

0.16
— = 035
0.45

Alpha 2022

@ HSI 2022

|

0.28

Hall. Mittelfriiher

Hall. Mittelfriiher

0.35

a- + B-acids (oxidative)
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* Variedade

e oxidacao

Mean Min. Max.
Hallertau Mittelfrih 0.264 0.189 0.353
Hersbrucker 0.240 ) 0.312
Tettnang Tettnanger 0.261 0.213 0.318
Select 0.273 0.192 0.348
Tradition 0.253 0.198 0.313
Saphir 0.291 0.219 0.366
Perle 0.275 0.227 0.35
Northern Brewer 0.288 0.235 0.361
Hallertau Magnum 0.259 0.232 0.324
Taurus 0.274 0.246 0.302
Herkules 0.267 0.238 0.309
Czech Saaz 0.286 0.208 0.391
Aurora 0.317 0.25 0.358
Celeia 0.374 0.272
Lubliner 0.319 0.215 0.413
Marynka 0.316 0.258 0.401

HSI e a relacao com envelhecimento

Table 1: Mean, minimum and maximum of thirteen European hop varieties
from 2009-2019. The varieties Aurora (2012-2019), Celeia (2013-2019), and
Marynka (2009-2012) were collected only for the indicated years. The colors
indicate the minimum to maximum values: dark green < light green < yellow
< orange < dark orange < red
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HSI e a relacao com envelhecimento
e oxidacao

* Processamento
* Colheita
* Secagem
* Momento do Processamento
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gaveZ 3 HS| e a relacdo com envelhecimento
) " e oxidacao

* Momento do Processamento
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e oxidacao P

oxidative
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* Formacao de iso-a-acidos

* Absorbancia de iso-a-acidos € similar a dos S E I R
compostos de oxidacao; 3= r——
O aumento do HSI em ambiente inerte é 1" £
inevitavel, porém nao significa que o |
lUpulo passou por processo de oxidacao. |
e —
275 nm 325 nm
2A ‘ ,415:%, o
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* Formacao de iso-a-acidos
HSI: 0.27 0.37 0.49

mfresh hops minertly stored moxidatively stored

war Ill III oA | pEs
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* Armazenagem

alpha acids (air/ +20 °C)

;E ——53az

% —@—5lidek

§ —d—Premiant
== Agnus

decrease % rel,

alpha acids (vacuum/ +20 °C)

=$—>5a3az

~=5lidek

—a&—Premiant

—S=Agnus

decrease % rel.

HSI e a relacdo com envelhecimento
e oxidacao
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* Armazenagem

HSI (air/ +20 °C)

HSI (vacuum/ +20 °C)
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HSI e a relacdo com envelhecimento
e oxidacao

HSI (vacuum/ +2 °C)
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Average values after 6,8 years:

6 5,53

5,19 ® Production
5 m after 7 years
4 .

* Envelhecimento em
o ambiente inerte e
2 - temperatura baixa
1 0,90 0,88
0,16 031 037 70 DA

CV [%-wiw] Iso-a [%-wiw] Oil [mI/100 g] HSI agraria GERVEJE




Envelhecimento e perfil aromatico

* Existe uma correlacao direta entre o aumento do HSl e a

perda de dleos:

——

e NN
5 8 B

ontent (ml/100g)

S 1,00

Citra - Fresh Citra - Aged Citra - Overaged
Variety and HSI Classification
Fig. 1  Volatile oil content (ml'100 g) of Citra® with the three different HSI classi-

fications (fresh, aged, and overaged). Values are from triplicate analysis.
Error bars represent the range

2,50
_. 2725
oo
S 2,00
-

T—E‘ 1,75

£ 1,50

L
€ 1,25
o

S 100 N
[}
@ 0,75
F=
8 050
o
= 025
0,00

Galaxy - Fresh Galaxy - Aged Galaxy - Overaged

Variety and HSI classification

Fig.2 Volatile oil content (ml/100 g) of Galaxy® with the three different HSI clas-
sifications (fresh, aged, and overaged). Values are from triplicate analysis.
Error bars represent the range

* Envelhecimento forcado com
oxigénio e tempertura acima
de 35°C
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Envelhecimento e perfil aromatico

* Mirceno € o 6leo que mais sofre com perda e
degradacao por envelhecimento;

* Assim como outros monoterpenos e sesquiterpenos
(humuleno e beta-cariofileno), a solubilizacao do
mirceno no mosto e cerveja € muito baixa;

* Baixa relevancia ao final do processo.
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Envelhecimento e perfil aromatico

* A degradacao de monoterpenos e sesquiterpenos pode
indicar o envelhecimento do lupulo, porém, assim como
o aumento do HSI, nao significa que tera efeito negativo
na intensidade e qualidade do aroma na cerveja;

* Os principais compostos aromaticos do lupulo na cerveja
sao a fracao oxigenada (terpenoides, ésteres, cetonas,

aldeidos e tidis); A ‘ JELOLULTO A
agraria CERVEJEIRA
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Envelhecimento e perfil aromatico

* Alguns estudos sugerem que a oxidacao do lupulo por
um curto periodo de tempo aumenta a proporcao dos
compostos aromaticos oxigenados;

* Linalol e geraniol se mostram muito estaveis com o
passar do tempo;

* A auto-oxidacao do mirceno por formar alguns destes

LYCAOQ DA
compostos. 24 | Le e

agraria CERVEJEIRA
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Table 4 Calculated absolute concentration of key aroma compounds of Citra® hop oil analysed
by GC-FID. Results are mean values of triplicate analysis with the standard deviation

Hop Oil Component Cltr:(a;;( ;;'esh Chr:l;u-(g)ged Cltrar"(-g g:;e)raged
Myrcene 9.91 £ 0.40 8.15*+0.28 4.12*+0.29
Limonene 0.10 £ 0.01 0.10 £ 0.002 0.06* +£0.003
Linalool 0.18 £ 0.02 0.18 £0.03 0.14* £ 0.008
a-terpineol 0.02 + 0.001 0.02 + 0.004 0.01 £ 0.0008
Geraniol 0.07 + 0.002 0.08 +0.002 0.08 + 0.007
2-undecanone 0.27 + 0.008 0.21* £ 0.008 0.14* £ 0.005
Methyl Geranate 0.25 + 0.007 0.22 + 0.006 0.14* £ 0.003
B-caryophyllene 1.52 £ 0.07 1.38 £ 0.06 1.23* £ 0.04
a-humulene 2.48 £ 0.11 2.32+0.09 2.16* £ 0.07
Caryophyllene Oxide 0.13 £ 0.005 0.13 £ 0.004 0.13 £ 0.01
Humulene Epoxide | 0.06 + 0.002 0.05 +0.003 0.07 + 0.005
Humulenol Il 0.07 £ 0.002 0.07 £ 0.003 0.09* + 0.007

Envelhecimento e perfil aromatico

* Envelhecimento forcado com

oxigénio e tempertura acima

de 35°C -
A0 DA
sA ‘ 4 LA
agraria éf%ﬁ/wflkﬂ
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Perle and Citra Alpha-Acids (EBC 7.7)
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Perle and Citra Alpha-Acids (HSI)
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Envelhecimento e perfil aromatico

e Conteudo de 6leos no periodo é

Citra and Perle Total Oil Content dependente da variedade

8 ¥

~
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EBC 7.10 [(mL/100g]
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* Perle estavel
 Citra estavel apds 1 ano

Citra
* Compostos
e —t ; o * Aumento do limoneno e
i = W . farneseno em ambas as
§ ——— ; - - 3 . variedades
Ambient .
* Estocagem a frio preservou os
ésteres
. A Perle ' sl * Compostos tipicos de oxidagao
_—— v ‘ : - nao foram encontrados
. . h-_‘—_—_“-i‘ _________
Ambient A
A EVOLUCAQ DA
vy ‘ ERIENCIA
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Acidos graxos de cadeia ramificada

OH (ID OH ]O OH (ID
R R R
4 . 7 . H H 0
* Acido Isovalérico P
humulones ischumulones lupulones
alpha acids so-alpha acids beta acids

* Acido Isobutirico oo i i

cohumulione humulone adhumulone
isocohumulone ischumulone isoadhumulone

* Acido 2-metilbutirico s i o

7 T L
\rJ\OH )\)I\OH /\T)\OH

isobutyric acid isovaleric acid 2-methylbutyric acid
iscbutanoic acid isopentanoic acid
2-methylpropanoic acid 3-methylbutancic acid 2-methyibutanoic acid
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M= Acidos graxos de cadeia ramificada

* Estocagem em temperatura ambiente na presenca de oxigénio

oy isobutyric acid (mg/L) an isovaleric acid (mg/L) o 2-methylbutyric acid (mg/L)
L . 40.
DOM O3M O8M @M m12M OOM O3M O8M BSM m12M O0OM O32M O6M BoM m12M
20.0 20.0 30.0
20.0 20.0 20.0
10.0 10.0 10.0
0.0 0.0 0.0 .:ﬂ:._u:ﬂnl_m-ﬂl_ccﬂl:l_zm:ﬂl.
LS SA FS FM FQ LS SA FS FM FQ LS SA FS FM FQ
EVOLUCAO DA
2A ‘ L4 fk/%cm
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Acidos graxos de cadeia ramificada

. - - . i . 2-methylbutyric acid
A | isobutyric acid (IBA) B | isovaleric acid (IVA) C 2MBA . . , .
(2MBA) * Efeitos sinérgicos e
Flowery Flowery

aditivos

Green Green Green
*

model beer 3-1 (dotted), 3-2
LGC + 2MBA

model beer 2-1 (dotted), 2-2
LGC % IVA

model beer 1-1 (dotted), 1-2
LGC = IBA

LYCAOQ DA
2A ‘ L e RTENCIA
agraria CERVEJEIRA

model beer 1-3 (dotted), 1-4
LGC + 4MSP + IBA

model beer 2-3 (dotted), 2-4
LGC + 4MSP = IVA

model beer 3- 3 (dotted), 3-4
LGC + 4MSP + 2MBA
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M= Acidos graxos de cadeia ramificada

&
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* Efeitos sinérgicos e

aditivos
Tropical Tropical
LGC mix LGC + IBA
OLYCAO DA
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Acidos graxos de cadeia ramificada

0 o * Biotransformacao
\rlo,\)\ \I/LO/\I/\

isoamyl isobutyrate 2-methybutyl isobutyrate

Y“Y

isobutyl isobutyrate
)

T

NOPS (2-methylbutyl isobutyrate is dominant)

(transesterfication)

0 o) o)
W)\o/\ )\.)Lo/\ /\H\O/\

ethyl isobutyrate ethyl isovalerate ethyl 2-methylbutyrate

(esterification) (esterification) (esterification)
malts malts malts
hops hops hops
fermentation fermentation
£ otgcAo DA
iCIA
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isobutyric acid isovaleric acid methylbutyric acid

Biotransformation pathway of branched chain esters triggered by brewing veast —



ethyl isobutyrate (pg/L)

ethyl isovalerate (pg/L)

ethyl 2-methylbutyrate (pg/L)
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=O=Huell Melon -
=y=Polaris
Barbe Rouge |-

F. 3days F. end

«O=Huell Melon
=y=Polaris

S. 1week beer

Barbe Rouge

A_____,—\__._—-_______—-J_‘—Z-u_

M — .

wort

F. 3days F. end

S. 1week beer

=O=Huell Melon -
=y=Polaris
Barbe Rouge

__'_._-_.v

wort

F. 3days F. end

S. 1week beer

ethyl isobutyrate (ug/L)

ethyl isovalerate (pg/L)

ethyl 2-methylbutyrate (pg/L)
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Acidos graxos de cadeia ramificada

-@= Vic Secret
w= = Chinook
Ekuanot (HBC366)
-0
-’ -
= “
gz --
e
'0‘
.’ e A e
wort F. 3days F. end S. 1week beer
== \/ic Secret
=g= Chinook
Ekuanot (HBC366)

- P - - -
wort F. 3days F. end S. lweek beer

=-&= \/ic Secret 1

=== Chinook

Ekuanot (HBC366)
- -f== - - ‘

wort F. 3days F. end S. 1week beer

* Biotransformacao

Fig. 5 Comparison of ethyl esters of branched-chain fatty acids (ethyl isobutyrate
ethyl isovalerate, and ethyl 2-methylbutyrate) (ug/l) in the course of fermentation of
beers late-hopped with Huell Melon, Polaris, Barbe Rouge, Vic Secret, Chinook, and
Ekuanot (HBC366): F = primary fermentation; S. = storage

70 DA
,4 %‘Z%“/vcm
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Acidos graxos de cadeia ramificada

ref compd flavour descriptions

linalool (ug/L) lavender

B-citronellol (ug/L) lemon, lime

geraniol (ug/L) rose

isobutyric acid (ug/L) rancid, buttery

isovaleric acid (ug/L) cheesy

2-methylbutyric acid (ug/L) cheesy

ethyl isobutyrate (ug/L) grape

ethyl isovalerate (pg/L) melon N ‘ .4 Vol %9, 70 DA
ethyl 2-methylbutyrate (Hg/L) melon agrarla ‘ GER ;/Egyf CIA
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Fig.5 Flavour profiles of test beers made of Furano Maglcal (FM) with and without aged hops:
beer FM-F (halr line), 1.5 g/L of fresh FM; FM-a (dotted line), 1.5 g/L of fresh FM and 0.1 g/L
of aged FM; beer FM-A (fat line), 1.5 g/L of fresh FM and 0.3 g/L of aged FM; *, significant
difference with a risk of 5 % In palred t-test comparing beer FM-a or FM-A agalnst beer

Green

beer FM-F (hair line)
beer FM-a (dotted line)
beer FM-A (fat line)
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* Menor consumo de |upulo por litro de cerveja

Average Hopping Rate (Pounds per Barrel)
1.8 1.70

158 199 415 .,

1.6 1.501.54 1.47

s
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CONTRACT BREWING COMPANIES
1.5%

MICROBREWERIES
16.4%

2024

CRAFT BEER INDUSTRY 5%
PRODUCTION VOLUME /=

BREWPUBS
6.6%

CRAFT Fam LA 4 EVOLUCT) DA
AN 748 ‘ EXPERIENCIA
S agraria CERVEJEIRA

67.2%
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WORLD ALPHA PRODUCTION & DEMAND
* Menor demanda

CIONAV~

Preduction (mt

af (*estimate)

SOURCE: BarthHaas Report. 2023-2024. Prepared by HGA
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* EUA diminuindo area e producao

U.S. HOP PRODUCTION U.S. HOP ACREAGE
120

G 6
¢ 100 104 vy (60872 OXE
8. 80 54,318
44,783
% 60
€ 40
= LU¢AO DA
= 20 VO,
s 7, s ‘ Eioir] Ne/A
2020 2021 2022 2023 2024 2020 2021 2022 2023 2024 A8raria CERVEJE
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* Estoques altos de lupulo

Hop Stocks - United States

Million pounds
200
180
160 -
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120
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» \_’_//
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2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025
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Conclusao e Proximos Passos

* HS| é um importante indice para medir a qualidade da
safra e do acondicionamento do lupulo antes de ser
processado, porém:

* Lupulo de amargor ou aroma?
* Historico da variedade?

* Em atmosfera inerte, o HSI pode apresentar resultados

errados sobre envelhecimento do lupulo 44 M Ao A
agraria CERVEJEIRA
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Conclusao e Proximos Passos

* Aumento de HSI e diminuicao do teor de oOleos esta
diretamente relacionado, porém até onde isso é
relevante para o produto final?

» Acidos graxos de cadeia ramificada podem trazer off-
flavors mas podem também intensificar aromas
desejados. Como controlar, otimizar e utilizar essa

' a 70 DA
informacao a nosso favor? A ‘ £ Evouet,
agraria | CERVEJEIRA
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Conclusao e Proximos Passos

* O que realmente é lupulo velho?

0LUCAO DA
+A | L& riEncIA

3% rarmig CERVEJEIRA
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