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El Lupulo

WHAT ARE HOPS?

Perennial bining plant that dies in the winter
and grows back year after year in the spring.

Only fernale plants produce hop cones.

Hops grow “bines” on wires connected to a
trellis system.

Harvested hop cones can be turned into hop
pellets or have their alpha acids extracted into
a hop liquid extract.

ALPHA ACIDS BETA ACIDS
Chemicals that make hops Provide bitterness as
anti-microbial they oxidize

Add bitterness to beer
when boiled

@ LUPULIN GLAND

Hops contain soft and hard resins.
The soft resins in the lupulin gland contain the
hop’'s alpha and beta acids and essential oils.

ESSENTIAL OILS POLYPHENOLS
Principle aroma elements of hops Er?:tr:.i:;l:a to both beer stability

Provide aromas and flavors:
CITRUS woobDY

PINE FLORAL
CHEESY SPICY




Anatomia del Lupulo

HOP ANATOMY

Lupulin

Leaf/Bract

 Alpha Acids 2-20%

' Lipids 1-5%

Beta Acids 2-20%
Hop Oils 0.5-4%

| Polyphenols

& Tannins  36%
Terpene-Glycosides
Cellulose  40-50%
Proteins 15%

- Water8-11%



Variedades

Alpha Acids* Cohumulone* Total Oil* (mL/100g) Oil : Alpha Ratio ** Aroma Notes

CHINOOK (NZ) 12.2% 31.5% 0.9 7.4 Pine, herbal, subtle grapefruit

DR RUDI 11.0% 33.0% 1.3 11.8 Citrus, pine, lemongrass

FUGGLE (NZ) 6.1% 28.5% 0.9 14.8 Mild fruit, herbal, woody, grassy

GOLDING [NZ) 4.1% 22.5% 0.3 7.3 Sweet citrus fruits, floral nectar

GREEN BULLET 12.5% 38.5% 1.1 8.8 Floral, spicy, fruity, pine

KOHATU 6.5% 21.0% 1.0 15.4 Intense floral, grapefruit, pine, tropical fruit. Pineapple.
LIBERTY (NZ) 5.9% 27.0% 0.7 11.9 Slightly spicy, resiny

MOUTERE 18.5% 26.0% 1.7 9.2 Citrus, fruit, pine, spice.

MOTUEKA 7.0% 29.0% 0.8 11.4 Lemon/lime, tropical fruit, spice. “Mojito”.
MELSOMN SAUVIN 12.5% 24.0% 1.1 8.8 White wine, grapefruit, tangy berries

PACIFIC GEM 14.0% 37.0% 1.2 8.6 Strawberry, blackberry. Tangy citrus, melon, tangerine.
PACIFIC JADE 13.0% 24.0% 1.4 10.8 Fresh citrus, crushed black pepper

PACIFICA 5.5% 25.0% 1.0 18.2 Orange marmalade, citrus, floral

RAKALU 10.5% 24.0% 2.2 21.0 Fresh stonefruit, grassy, spicy, citrus

RIWAKA 5.5% 32.0% 1.5 27.3 Strong grapefruit, citrus

SOUTHERN CROSS 12.5% 26.5% 1.2 9.6 Lermnon peel, lime, pine needles.

STICKLEBRACT 12.3% 38.0% 0.8 6.5 Citrus, pine

STYR. GOLDING (NZ) 5.6% 27.5% 0.6 10.7 Mild, spicy

TAIHEKE 7.0% 37.0% 1.1 15.7 Grapefruit, lime, tropical fruit

WAI-ITI 3.0% 23.0% 1.6 53.3 Citrus, stonefruit, spice

WAIMEA 17.5% 23.0% 2.1 12.0 Pine needles, citrus fruit, grapefruit, tangerine
WAKATU 7.5% 29.0% 1.0 13.3 Floral, fresh citrus akin to freshly zested lime peel
WILLAMETTE (NZ) 6.8% 32.5% 1.5 22.1 Spicy, floral, herbal, earthy

WYE CHALLENGER [NZ) 8.9% 22.5% 0.6 6.7 Floral, spice, some citrus



ariedades

Alpha Acids*  Cohumulone* Total Oil* (mL/100 g) 0il : Alpha Ratio **

Amarillo 9.0% 22.0% 1.65 18.3 Grapefruit, orange, lemon, melon, floral, apricot, peach

Cascade (US) 7.3% 32.5% 1.65 22.6 Floral, citrus, grapefruit

Centennial 9.5% 25.0% 2 21.1 Lemon, floral

Centennial "Type" 9.0% 33.0% 1.8 20.0 Lemon, floral

Chinook (US) 13.3% 29.0% 1.75 13.2 Pine, spice, some grapefruit

Citra 13.0% 22.0% 2.25 17.3 Grapefruit, melon, lime, gooseberry, passionfruit, lychee, mango

Columbus 16.0% 29.0% 3.5 21.9 Black pepper, liquorice, curry, earthy, resinous, herbal, subtle citrus

Crystal 4.5% 24.5% 1.55 34.4 Floral, spicy, woody

Ekisnot SEE 33.5% - - Melon, berry, orange peel, lemon, lime, papaya, pine, apple, floral,
Ereen peppers

Horizon 10.4% 17.5% 1 9.6 Floral bouguet, spicy, some citrus

Liberty (US) 4.8% 23.0% 1.4 29.2 Floral bouguet, spice

Mosaic 12.3% 23.0% 19 15.4 Blueberry, tange_r'lne, papaya, rose, blossoms, grass, bubble gum,
mango, stonefruit, melon

Newport 11.3% 37.0% 2.05 18.1 Earthy, citrus, wine, balsamic

Nugget 14.8% 24.0% 2 13.5 Herbal, spice, some pear, some peach

Perle 7.5% 29.5% 1.4 18.7 Floral, spice, mint

Santiam 7.3% 23.0% 1.6 21.9 Herbal, floral, black pepper, spice

Simcoe 13.3% 19.0% 2 15.0 Passionfruit, pine, sweet berries, citrus, earthy, perfume

Summit 16.0% 30.5% 2.25 14.1 Pepper, incense, anise, orange, tangerine, pink grapefruit

Tahoma 6.8% 16.0% 1.75 25.7 Lemon, grapefruit, cedar, pine, floral, pepper, some melon

Warrior 16.8% 26.5% 1.75 10.4 Lemon, pine

Willamette (US) 5.5% 30.0% 1.1 20.0 Floral, herbal, incense, earthy, elderberry

Yakima Gold 9.7% 22.0% 2.1 21.6 Grapefruit, lemon zest

Zythos 11.3% 29.5% 0.95 8.4 Tangerine, grapefruit, lemon, pineapple, floral, some pine



Variedades

Imported - Europe Alpha Acids* Cohumulone* Total Oil* (mL/100g) Oil : Alpha Ratio **

Saaz (Czech) 3.5% 24.5% 0.6 17.1 Earthy, herbal, floral

Hallertau Hersbrucker (DE) 3.5% 22.0% 0.9 25.7 Floral, spice, fruit

Hallertau Tradition (DE) 5.8% 26.0% 1.4 24.1 Earthy, grassy, nectarous fruits

Herkules (DE) 14.5% 35.0% 20 13.8 Spice, pine, pepper, slight citrus and melon fruit
Huell Melon (DE) 7.2% 27.5% 0.8 11.1 Melon, strawberry

Magnum (DE) 13.5% 25.0% 2.1 15.6 Apple, pepper

Mandarina Bavaria (DE) 8.5% 33.0% 22 25.9 Satsuma mandarin, tangerine, orange

Morthern Brewer (DE) 8.0% 29.5% 1.3 16.3 Mint, pine, grass

Saphir (DE) 3.0% 14.5% 1.1 36.7 “Sweet citrus bouquet”, tangerine, fruit, floral, spice
Spalt Select (DE) 4.5% 24.0% 0.9 18.9 MNoble, spice

Tettnang (DE) 4.5% 25.5% 0.7 15.6 Spice, herbal, pepper, black tea

Sybilla (PL) 7.0% 28.5% 1.9 26.4 Leman, pine, floral

Triskel (FR) 8.5% 21.5% 1.8 20.6 Floral, herbal, spice, some citrus

Junga (PL) 11.5% 31.5% 2.3 20.0 Blackcurrant, grapefruit, spice

Lubelski (PL) 4.0% 26.5% 0.9 21.3 Magnolia, lavender, floral

Marynka (PL) 8.5% 29.5% 2.0 23.5 Floral, earthy

Dana (SI) 13.5% 29.5% 3.2 23.3 Floral, lemon, pine

Styrian Golding (51) 4.4% 27.5% 0.8 17.0 Earthy, some white pepper



Alpha Acids*

Variedades

Cohumulone®

Total Oil* (mL/100 g) Oil : Alpha Ratio **

Boadicea
Bramling Cross
Challenger

East Kent Golding

Endeavour
Epic

First Gold

Fuggle (UK)
Golding [UK)
Minstrel
Phoenix

Pilgrim

Pilot

Progress

Sovereign

Target

Whitbread Golding

8.5%
6.0%
7.5%

5.5%

9.3%
4.0%

7.5%

4.3%

5.0%

6.0%
10.0%

11.0%

9.8%
6.8%
5.5%
11.0%
6.6%

26.0%
34.0%
22.5%

30.0%

33.0%
31.5%

33.0%

27.5%
25.5%
24.0%
28.5%

37.0%

32.5%
27.5%
28.0%
37.5%
37.5%

1.7
0.9
1.4

0.6

1.4
0.6

1.7

1.1
0.9
0.6
1.9

1.8

1.1
0.7
0.8
1.3
1.0

20.0
14.2
18.0

10.9

15.1
15.0

14.7

24.4
17.0
10.0
18.5

16.4

11.2
9.6
14.5
11.8
15.2

Floral, orchard blossom, grass, subtle spice
Blackberry, currant, plum, loganberry, leman, spice
Spice, cedar, green tea, sweet floral, some citrus

Floral, spice, lavender, thyme, honey, earthy, lemon, orange, grapefruit

Blackcurrant, loganberry, grapefruit, lime, spice
Grass, lemon, spice

Tangerine, orange marmalade, apricot, geranium, magnolia, mint

Floral, mint, earthy, grass, spice
Floral, zesty lemon, orange, grapefruit
Spice, berries, orange, herbal

Spice, floral, chocolate

Spice, herbal, earthy, cedar, honey, lemon, grapefruit, pear, berry

Lemon, marmalade, spice

Earthy, spice, juniper, mint, grass, honey, blackcurrant
Intense fruit, floral, earthy, herbal, pine

Sage, spice, pepper, herbal, floral, earthy, marmalade
Earthy, botanical, floral, sweet fruit
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Hoy vamos a hablar de «aroma»

» La quimica del aroma es mucho mas compleja que la
del amargor

» La cromatografia gaseosa (1950) permitiéo descubrir
los cientos de componentes del lupulo que impactan
en aroma

* No existe una simple formula que correlacione la
composicion en aceites y el flavor desarrollado

= El aroma a «lapulo», hoppy aroma es una
combinacioén sinérgica



Ocurres cosas tan complejas como esto:

Un estudio aleman reporté que una mezcla de
cariofileno y nerol (2 componentes del aceite de los
lupulos) tendria un umbral de flavor de unos 170 ppb.

Comparado con los umbrales individuales de 210 y 1200
ppb respectivamente. Lo mismo ocurre con otras
combinaciones.

Los porcentajes de cada componente en las mezclas
también cambian los umbrales de percepcion



Acelites

e

Principal Constituents of Hop Oils

ESSENTIII\L OILS
| | |
HYDROCARBON OXYGENATED SULPHUR
FRACTION FRACTION FRACTION
50-80% | 20-50% [<10% ]

* Highly volatile
* Not very soluble

*Apparent when
dry hopping

* VVolatile
* More soluble

*Desirable hop
characters

* Highly volatile
*Undesirable

*Sulphury, dirty
aromas

60+ compounds

230+ compounds

30+ compounds
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Myrcene - = . - 3-sulphanylhexan-1-ol
Estimated threshold: ~30 ppb Estimated threshold: ~60 ng/L
in beer (Hieronymus, 2012) (Takoi, 2006)

Linalool b’

Estimated threshold: ~10 ppb
in beer (Almaguer, 2014)




‘Los alfa y beta acidos del lipulo ;%I
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Aceites

b

Aroma a [ Hydrocarbon |e
lUpulo fresco | d

| Aliphatic | [ Monoterpenes
]
o . U i W
Ir{‘I;'-ll'r'ltiu‘u: dewclic | |"|."||:!|r1-|,'.||!_'.|||'|_'.|i|:.‘| [ Bicyelic | Acyelic

Dctane

2-Pentenes - ’ ’ 1
lsoprens _ :

Undecane B-Myrcene Limonenea a-Finene a-Farnasen
Dadecane p-Cymene B-Pinene B-Farnasen
Tridecane a-Phellandrens

Tetradecana B-Phellandrene

Pentadecane

Hexadecans

Hepta n

| Heptadeca n_:,

Hidrocarbonados: fraccion muy volatil y muy poco soluble. Se oxidan y
polimerizan facilmente.



Aceites

[ Hydrocarbon s

le

Especiadas

)

] | Bicyclic |
B

[ Sez-quittmm?]/

| Monocyclic

i Bicyelic |

"y

g’

| Tricyelic |

L

|

a-Finene
B-Pinens

a-Farnasene
B-Farnasene

Germacrens B
Germacrene O
Humulena

B-Caryophyllene r'f;ara{am phurene-h\"

B-5Zelinens
v-Cadinene
b-Cadinena

meta-Camphorene
B-Bosabolene
a-Muurolens
y-Muuralene
a-Cubebene
Calamenens
v-Calacorene
e-Calacorene
B-Elemene
Cadalene

\ a-Corocalene /



Aceites

ene b

e

calene { Oxygenated 1
|

Oxigenados: contiene

compuestos volatiles y otros 3 L;‘“—MEW, coters |
menos volatiles. Con el tiempo ins
algunos hidrocarbonados y saturated | [ Unsaturated | Saturated
algunos compuestos volatiles l l S .
oxigenados se van p . - !
transformando en oxigenados o [uﬁ} e
;= Octanaa d-Heptencate -Methylpentan
no VOIatIIeS' mul:u:n:-:i E-Dadecencate :-;zhw.n: urntziﬁate
Decanoate S5-Methylhexanoate
Lndacangate d-Methyl-2-hegensate .
, Dodecanoat 2.5-Dimathylhaxanaa B
iy E-Fl.l'lt-rh','ll:r.-pﬂann:ltr' N
Fhipthyloctanoate .
8-Methylnonanoate -
g-mMethyldecancate
4-Ethyl-2-pentencate
Geranate

4 2-Methylnonancate _._._.-"




Aceites

Puede brindar

Caracter especiado
y herbal

aroma en late hop,

L

¥

mas temprano se Alcahols
pierde. 24
Terpene l Sesquiler pene ]

[ Aliphatic/aromatic

—_—

Brinda notas

.I'

florales y citricas

,-""E!Ethannl ; -‘HI

¢ Linaloal fﬂerﬂml
Garaniol a-Cargophyllens
ol alcahol [apollan-11-ol
- f icyclohumuladia
Terpinen-4-ol Hurni
Perrillyl alcohol Hurmislenal-11
Kyrtenol Hurmushol
1-Bdethyl-4- Epl-cubenal
oprogenyl-1- 1-Caryolamnsd
oyclohesan-5-0l a-Eudesrmol
| Myreemal 4| y-Eudesrmssl
T-Muuralal
a-Cadinal
T-Cadinal
S-Cadinol
Junenol

"\\E_-ren-:h-.- alcohol _/"I

= PII.I'Jﬂ'lII.I:
1-Butanal
1-Pentanal
Z-Pentangl
1-Haxamal
1-Haptamal
1-Octanc

1-Momnanol
Z-Monanol
1-Dacangd
1-Undacanod
1-Drosias c @il
2-Methyl-1-progand
2-Methyl-1-butanal
4-hMethyl-1-pentanal
3-Methyl-1-butang
Z-Methyl-3-buten-2-ol
3-Methyl-2-buten-1-ol
[rans-3-Hexan-1-0d
frd-2-Hexan-1-ad
1-0cten-3-ol

Benzyl akoohol

10-Mathyl-5,9-

“undecadien-1-ol _,_/J

Aldehydes |

I-""‘-I:Il:'r:.'ln.'lul
Heptanal
Octanal
Monanal
Decanal
Undecanal
Dadecanal
Tetradecanal
2-Hexanal
2-Heptanal

2. 4-Hexadlenal
2. A-Heptadienal
2-0ctenal
2-Monenal
2-Decanal

2 4-Monadianal
Geranial (Citral A)
Meral [Citral B)
Furfural
3-Methiyl-2-butenal
3-Ethylbutanal

Benzaldehyde

N

\2-Phenytacetaldehyde ./



Aceites

Acids Ketanes Epoxides
Y W W
3-Methylbutanalc £ Acetone ™ [ Caryophyllena oxide
2-Methylprapanalc I-Heptanane Hurnulene epouds |
d-pethyl-3-pentenaic 2-Oetanone Hurnulene eposide |1
A-Hydrouy -d-methyl-2-pentenaic 2 NONAMNE Hurnulene diepoxide
I-Decanane [

I-Undecanone
2-Dodecanone
2-Tridecanane
2-Tetradacanone
2-Pentadecanone
2-Hexadecanane
Carvoms
Pentadecen-2-ane
1-Hepten-2-nne
Dacen-2-one
4-Undecen-2-ona
Tridecan-2-ane
o-Tetradacen-2-one

B, O-Pantadacadian-2-ane
Humulenone-l|
Humuladianone
2-Mathyl-2-butanone
A4-Mathyl-2-pentanona
g-Methyl-2-decanons
1-Ethyl-2-butanone
F-Methyd-2-octanone
1-Methyl-2-pentancne
4-mlathyl-3-pentan-2-one

\‘ii:l'-'leth-pi-ﬁ-hepten-é-unﬁ;"




Exters

Aceites

Frutales y florales

N

/

Sirthyipropsncates j—)

! Bustyl i

Pyl

Hiigl

Hiepigd

Oyl
2-Methylprapyl
2-Methidbiityl
J-Methydbiityl
P it i
fetethid ooyl
GEranyl

I-Matkylarapsd

Sethytbutanoaies ]4

Stethylbutanoates

i, Myl i

I-Matkwy ey
I S S

-
—"[ Frrrul e Hﬁ#rrwl

[ Unsansrated sl ]

Prio e les

_——
Dyl

erare|
Kyl
Lirealvl

vl

Kyl

Lirahyl

Wiyl

Heptyl

Dyl

- Py byl

e —

eyt )

, E-Metfrripropd

—)II Hezannainy H!-MEU’&IIMH ]

EtFel
ey
2-Pethytbuty

2-Metivgl prepyipentencate
Mty ootenosbe

Mettryl nonenoste

Methyl decenoste

Methyl undecenoate
Metryl undecadiennaie
Metryl dodecadennaie
Matryl tidecenoste

T MuthylS-pistirrylfuran

!

1, 2-Dimvethyd-5-¢oen-2,5-

i hyrihor an

dravri-J - athyl- Fwinngd -5-

Frpddreerg-isapragey -

fetraFrpdroduran

g F-blatErg b 2-vnyd-S-brpd remy-

isppragrgl-tetrahydrofursn

1-Hspphrreey-J -t haybutane

4, 4-Dimethyl -2 -bgen-d-glide

Farilpne

Junipercamphor

L 3-Dimethyl -6 B-diosabeycka

(%21} octpra

dravrs-E powy dibypdrabnaksl

cie-l posy dihydrolimalal

1,21 F-Tatramethyl- 16

dinwaspims {d.Al-1 B-nonsdiene

{ipircketal]

1.2,3 F-Tatramethypl-1 86~

digeaspig {d d)-J-nonane

iSpircketal]

[ bomurez:

amescenone

Harahans ether

Fanbgifuran

Hesamylhpran

1, 2-0imethyl-femetglene-1-
bicyrio [1.3.0] pctane




Aceites

Ajo, cebolla
N -
Frutas exoticas,

Vegetales uva, maracuya
cocidos, queso

L,

| Sulfur |
|

3 ] ¥ W )
Siraight Chain Sullides | Cyclic Tarpenaid E.nlliu:.hr',] [ kA alla s |

S~ ! x

L e
I....d-mllll'll.‘l J‘-||||-I'I|||.'|||r\-:|;|.-||||-l|||iv:|.-|lr-ﬂl ! Hydrogen sullide .-; a2 O P B 1 S el R T
Eadethyd T-rethybutanethia s Dz iheg] sublicke Myroen e sulfide |3-14-metrd port-5-orvd Ehicphasa| miethional
Ebdithd E-methyd butaneah o e Dz £yl disuifide Myrcene disubkde 34 methyipeni- 1. 1epl-1 8- dibwrro-1, 1-cf e Mirthyl dithicaceiaie
E At iad 4 it hid i fila reaE s 1 Dozl bris e L S-Eplthiocarpopkylene b
£ irthiad it dati Dvirmazbbegl betrasu ide 131-Epithinhumulene
Ebdethyl hexanethioate b, Dietheyl sulfide 4 5-Epithiohumulene

'.H__EI'-.'Imh-.'I Fenpainiz i oo e ___..'




Aceltes

Myrcens - green, | B-Pinene - spicy, |  Humwdene - Caryophylene - Geraniol - floral, | Linalool - floral,
Hop Variety (€5n0us pingy, woody woody amesene - foral|  sweet, rose ona Other Ods
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Los perfiles de los lupulos
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os perfiles de los lupulos

Dank/Catty Tropical Fruit

Onion/Garlic _ Stone Fruit
Earthy/Woody Apple/Pear
{
~=Aroma
==Flavor
Grassy Melon
Resinous Berry

Pine Floral

Spicy/Herbal



Ejemplo: MOSAIC

http://brulosophy.com/2017/02/16/the-hop-chronicles-mosaic/

The 3 characteristics endorsed as being most prominent by participants:

Aroma Flavor

Tropical Fruit Resinous

Citrus Citrus & Pine (tie)
Resinous Tropical Fruit

The 3 characteristics endorsed as being least prominent by participants:

Aroma Flavor
Onion/Garlic Onion/Garlic

Earthy /Woody Apple/Pear

Apple/Pear Berry

Participants were askad to the pungency of the hop the hop character.

They were then instructed to identify beer styles they thought the hop would work well in.
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http://brulosophy.com/2017/02/16/the-hop-chronicles-mosaic/

Lupulo vs Cerveza
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El O,: el peor enemigo

Una cerveza (especialmente lupulada) podria oxidarse en
distintos momentos e instancias del proceso de elaboracion:
Consumo de antioxidantes por oxidacion del lado caliente

Durante la fermentacion primaria si utilizara un fermentador con una tapa
medio floja, o bien por ingreso de oxigeno al momento de alguna adicion.

Cuanto menor es el volumen del fermentador, mayor el riesgo de oxidacion
(mayor area de contacto)



Oxidacion de los aceites

En general disminuyen los contenidos de aceites, particularmente mirceno.

Los sesquiterpernos podrian generar productos de oxidacion durante el hervor que
favorecerian los flavor conocidos como «kettle aroma, tipicos de algunas cervezas
alemanas. Se trata del aroma especiado, herbal y terroso.

La oxidacion de algunos aceites de sulfuro durante el whirlpool podria causar aromas a
ajo y cebolla en la cerveza.

La oxidacion de otros aceites podria generar aromas de carton hiumedo, o aromas tipo
caramelo o toffee.



Oxidacion de los aceites




Nuestros datos

Canal de YouTube Youl{ )
Capacitaciones El Molino

Nuestra WEB
www.capacitacioneselmolino.com l@l
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@capacitacioneselmolino facebook mily
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