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Function ot Hop Components

Aroma
Bitterness Foam

Antibacterial Foam Cling

Anti-oxidant Trub Formation

Protein Precipitation Flavor/Taste Stability
Health



Role/Function Rizifrt\s RI_eI:irgs Oils Polyphenols
Bitterness = P Pogﬂg";‘:‘g'szrs’h
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Anti-oxidant P P P
Antibacterial P P P P
Foam & Foam Cling P =
Protein Precipitation P
Trub Formation P
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Composition of raw hops

Proteins, Ash, Lipids, Pectin
=~ 15 — 25%

Resins 20 — 30%

Polyphenols 4%

Cellulose 40%

Water 10%







Pellets Stabilized Congg?;{:te" _____ Ethanol Dsiéfmr: ;
Type 90 Pellets ' Extract :
(Type 45) | Hop Oils
l |
|
CO2Hop | | .
Extract | | Hop Oil
| | Type Dry
|
————e | |
Hop Oil
Type Noble
Light Stable
Kettle Extract
(LSKE)
Rho
Concentrate
Tetra | | |
| Concentrate Rho Rho
Light Stable 35% 10%
Beta Aroma Tetra
Extract 10%
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Composition of Hop products
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Hop Product Comparison

CO, Extract

Ethanol Extract

1] i
| | | |
Role/Function E Raw EPeIIetsi . E , _
i Hops 1 1 Resin | Spent 1 Resin | Tannin |Spent
i i | Extract | Hops | Extract| Extract | Hops
Soft Resins E + E + E - - E + _ _
Hard Resins i + i + i - + i +/- = -
Essential Oils ! + ! + I + R - ;
i | | |
Glycos. bound A T I ) )
aroma components ! ! ! ;
Polyphenols A + o+ + -
Prenylflavonoids | + 1 + 1 - + 1+ _ _
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Utilization of Hop Products
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Storage Stability of Different Hop Products (HPLC)
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Relative Costs ot Bittering

(incl. transport, storage and alpha loss at medium raw hop prices)
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Brewing with CO, Extract

« CO2 Extract is an extract of hops produced by extraction of
hop pellets using carbon dioxide under liquid or supercritical
conditions

 Kettle addition time same as pellets for bittering

* Hop variety specific

» Alpha acids standardization

« Contains only hop resins and hop oils (no vegetative matter)
* Reduction of nitrates and heavy metals

« Manual dosing may require warming to 105°F to liquefy

« Storage benefits for space, temperature & stability
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Reduction in Bulk of a 12% Alpha Hop by
Changing to Processed Hop Products

Hop Extract
Pellets 45

Pellets 90

Bale Hops

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OAlpha Content @ Relative Volume



CO, Extract Impact on Wort Losses

Olde Hickory Brewery, NC
Beer = IPA
Cooled Wort Gain = 1.5 bbls. per brew

Comments: Preferred flavor over pellets, flavor consistency, and
less storage space required

40,000 bbl./yr. Brewery

Beer = DIPA

Whirlpool Cast Out = 51 bbls.
Cooled Wort Gain = 1 bbl. per brew
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Reduction of Nitrate
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CO2 Extract Packaging

HopShots

Can sizes range from 0.5 kgs. — 4.0 kgs.
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IKE / PIKE

 Isomerized Kettle Extract (IKE) contains
isomerized a-acids, (3-acids and hop oils.

« Potassium-Form Isomerized Kettle Extract
(PIKE(K+)) contains the potassium salt of
Iso-alpha-acids, beta-acids and hop oils
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Conversion of Hop a-acids to
[so-a-acids by Isomerisation

Wort boiling

>

Reaction accelerated by:

++

higher pH, Ca T Mg

R = iso-propyl (Cohumulone) Iso-alpha-acid

Alpha-acid

R = iso-butyl (Humulone)

R = sec-butyl (Adhumulone)




TRANS / CIS Iso-a-Acids

H
R R
|
H — HO
OH O OH
o-acids trans-iso-ci-acids
R=
CH(CHys), cohumulone trans-isocohumulone
CH,CH(CHs), humulone trans-isohumulone
CH(CH;)C,H;5 adhumulone trans-isoadhumulone

+

cis-iso-o-acids

cis-isocohumulone
cis-isohumulone
cis-isoadhumulone

Beers produced using CO2 extract contain higher ratio of trans/cis isomers than IKE

Jaskula et al reports; “Concentration of trans/cis — isomers has been proposed as a good marker for flavor
deterioration. Lower t/c ratio in fresh beer contributes to better beer bitterness stability upon aging®

(1 Jaskula, B., Goirs, K., Van Opstaele, F., De Rouck, G., Aerts, J., De Cooman, L., Hopping Technology in Relation to a-
Acids Isomerization Yield, Final Utilization, and Stability of Beer Bitterness. J.Am.Soc.Brew.Chem.67(1):44-57, 2009



Bitter intensity
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Composition of CO, Extract, IKE, & PIKE

Alpha Acids > 50% < 2% < 2%
Iso-Alpha-Acids 0% 40% - 60% 30% - 50%
Beta acids 15% - 40% 15% - 40% 12% - 35%

Hop Oils 3% -12% 3% - 12% 2% - 10%




Production of IKE & PIKE

Catalyst S22 De-ionised

—

MgSO, — | water
_ Isomerizati_on /Heat 75 - 85°C
Potassium of alpha acids

\ to iso-alpha-acids

Conversion of

Iso-Alpha-Acids into
Potassium salt form /
~ Removal of —

" process water




Utilization, Extract to Beer (HPLC)
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Utilization HOP Products (dependent Boiling time)

Utilization (%)
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Comparative O1l Recovery
CO, Extract and IKFE
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Brewing with IKE / PIKE

Addition similar to CO, Hop Extract
IKE /PIKE requires warming to 105°F — 113°F prior to addition
10 — 15 minute boiling time sufficient for full yield

To avoid changes in beer flavor addition at the same time as
conventional CO, Hop Extract

PIKE can be added to whirlpool, disperses readily
Disperses in water making it easy to clean-up

For beers using 100% IKE/PIKE, BU = Absorbance at 275 nm
X 55 - 58 (factor) to match with perceived bitterness
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Similarities of CO, Extract and IKE / PIKE

« Composition similar to conventional products
« Variety specific hop products

« Kettle Addition

« Packaging

« Storage Stability
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Same Packaging for IKE/PIKE as CO, extract
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Same Addition Point

CO, Extract
IKE / PIKE

rewhouse

—

Fermentation
Tank

N/

L

Maturation
Tank

N

ilter

Bright
Beer
Tank

v

Bottling Line




Advantages of Isomerized Kettle Products

Composition similar to CO, extract

Cost Savings

Very good utilization

Late kettle addition

No meters or pumps required

Lower Trans / Cis Ratio of Iso-a-Acids in Beers
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Extract Process

——




Downstream Products

Hop Acid Concentration Product Name
Isoalpha Acid | 30% w/w in Alkaline Water Iso-Extract 30%
: 30% w/w in Alkaline Water Rho-Iso-Extract 30%
Rho-isoalpha : .
Acid 10% w/w in Alkaline Water Rho-Iso-Extract 10%
40% w/w Beta Acids hop Oil | LSKE
60% w/w alkaline resin Rho Concentrate
Tetranydro- 1 o6 wiw in Alkaline W Tetra-Iso-E 10%
isoalpha Acid o w/w in aline Water etra-Iso-Extract 0
Hexahydro- 10% w/w in Alkaline Water

Isoalpha Acid

or 50/50 Blend with THIAA

Hexa-lso-Extract 10%
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Downstream Products

Hop Acid

Applications & Use

Isoalpha Acid

Bitterness Adjustment, Flavor,
Post-fermentation addition

Rho-isoalpha Acid

Light Stability, Flavor
Kettle or post-fermentation addition

Tetrahydro-isoalpha Acids

Foam Enhancement, Light Stability,
Flavor, Post-fermentation addition

Hexahydro-isoalpha Acids

Foam Enhancement, Light Stability,
Flavor, Post-fermentation addition
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Bitterness Profile of Iso-Alpha Acids & its

Derivatives
£ N £ N £\ £ N

|soalphaAcid Rho-isoalpha Tetrahydro-isoalpha Hexahydro-isoadlpha 7 RIAA:ITHIAA:IHHIAA
1PPM =11BU 1PPM=0.7IBU 1PPM=15IBU 1PPM =111BU 1PPM = 091BU

Strong Harsh Smooth Back of Sharp upfront Harsh side of the IsoalphaAcid like

All Around the the Tongue Bitterness  non-lingering Tongue Bitterness Bitterness, Light Stable

Tongue Bitterness Bitterness Improved Foam
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Sun Struck Flavor - MBT

N\

SH

3-methyl-2-butene-1-thiol

*Produced readily in sunlight or
artificial light from Iso-alpha-acids in
presence of Riboflavin

*Riboflavin present in beer at 0.2 —
1.3 mg/l

*Very low taste threshold in beer: 1-
30 ng/l

*Described as - ‘skunky’, leek-like,
onion, rubbery etc.

First described in 1875 by Lintner



Formation of MBT by the Photolytic Action

‘Photosensitizer’ e.g. Riboflavin
uvllght
Z\W:ormatlon of Radicals
Iso - humulg:e
Trapping agent
+ SHe ..
Any sulfur containing
compound

\ \

3-methyl -2-butene - 1- thiol
0 OH

Dehydrohumulinic acid
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MBT Formation in Lager Beer

(exposed to sunlight - UV Strength 82 J/cm?)

MBT micro-grams/litre

o

Clear Green

Bottle Colour

Amber




Hop products preventing Sun Struck Flavor

*Chemically modified/reduced hop products

*Hop products in which the Iso-alpha acids have been modified
by the addition of Hydrogen atoms (2,4 or 6) into the molecule

*H+ ‘donated’ by some external source

*Depending on where these H+ are placed in the iso-alpha, they
can affect:

« Ability to withstand UV light (‘skunky’)
* Foam stability
» ‘Perceived’ bitterness/Quality of Bitterness
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Reduced Iso-products

* Rho-Iso-Alpha-Acids (RHO)

* Tetra-Hydro-Iso-Alpha-Acid (TETRA)

Hexa-Hydro-Iso-Alpha-Acid (HEXA)




Reduction of Iso-alpha Acid

*Reduction of double bond
at point ‘A’ benefits foam
stability

*Reduction at either of
points ‘B1’ or ‘B2’ prevents
photolytic cleavage and
formation of MBT




Reduced Hop Products

Tetra-Hydro- | Hexa-Hydro-
Rho-Iso-
Hop Products AlohacAcids Iso-Alpha Iso-Alpha
P Acid Acid
Foam
0 ++ +++
Improvement
Light Stability yes yes yes
Bitterness 0.7-0.8 1.2-1.5 1.1
: Foam Improve.
Light Stable : Hardly used
Usage ’ Beer +Light Stable Commircially

Beer
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Practical Use of Light Stable Hop Products

*Only reduced products, free of any residual alpha & iso-
alpha-acids can be used

May be added to the kettle (normally Rho based products) or
post-fermentation (Rho, Tetra or Hexa)

*All traces of non-reduced iso-alpha-acid or alpha acids must be
eliminated from the process:

» process vessels ‘double cleaned’
* Fresh propagated yeast (with un-hopped wort)
« Other places of potential contamination filtration, bottling
line
*Levels at 0.1ppm Iso-alpha-acid can result in detectable
‘'skunky’ flavours
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Post-Fermentation Hop Addition

Do not dilute hop product

Dose into clear water rectified beer
Dosed over 90% beer transfer

Use of a mass flow meter is ideal
Yeast count below 2 MM cells/mL

Add 5 meters before chill-proofing agents or
absorbance

Add before final filter / polishing filter

Keep a little pressure in receiving tank to minimize
foaming
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Dosing on suction side of |

ump ot at bend
p p Pump /

|
‘ Diptube 3-5 mm
T

‘ Inner Diameter

Polyethylene
A ) Tubing 6-8 mm

Inner Diameter

Metering Pump
(Diaphragm)

0.1to 1.0 Liter per
Minute

—

Isomerized Hop
Products (20-kg Pail)










Metering Pump Controlled Via Flow Meter Hopsteiner

Flow Meter

A

* Injection
I
SN ¥4







Brewhouse

Kegging
Line <

Fermentation
Tank

s

Bottling
Line

v
—

Maturation
Tank

A 4

Bright
Beer

Tank

0 0

CO2

Carbonation




Post Fermentation Addition —
Common Mistakes

Diptube, Tubing, and Pumps are too big.

Product dosed into beer with absorbents, DE, PVPP etc.

Product dosed into high yeast beer, cell count >5 MM cells/mL.
Product added too fast. Ideally over 90% of the beer transfer time
Product added near CO.,,.

Product mixed with another ingredient such DE in dosing tank !
Product added after final filter (polishing).

No pressure on tank in which hopped beer is being transferred to.
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Typical Utilization Rates for Pre-isomerized

Hop Extracts
PF High PF Clean | PF Beer with
Hop Acid K ettle Gravity Water Absorbents
Before Rectified | or very high
Kieselgor Beer yeast
Isoalpha Acids 65 - 70% 75% 85 - 90% 20 — 35%
Rho-lsoalpha Acid | 50-55% 55-65% | 75-85% 20 — 35%
Tetrahydro- 20 — 25% 50- 55% 65 — 85% 20 — 35%
Isoalpha Acid
Hexahydro- 20 — 25% 50- 55% 65 — 85% 20 — 35%
Isoalpha Acid
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Relationship Between BU vs. HPLC

= BU — Linear (BU)

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23 24 25

reduced iso-alpha acid




NIBEM [s]

Foam Improvement Using Tetra
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210
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0, 3,10 & 20 ppm Tetra @ O Min.
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0,3, 10& 20 ppm T‘etra @ 10°
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Ditterent Types of Hop Oil Production

« Steam Distilled from whole leaf hops

* Thin-Film Evaporated from CO, extract and Isomerized
products (limited to high alpha varieties)




Overview on Hopsteiner Hop Oils

Linalool

Caryoph.

Hum.




Hop Oils
Type Dry:
Addition to wort boiling: 3 — 5 g/hl
Contributes to a traditional hoppy character
Addition prior to fermentation: 0,5 — 2 g/hl
Contributes to a clean dry hopped flavour
Post fermentation addition: 0,05 — 0,2 g/hl
Contributes to a typical dry hoppy flavour

The above figures are indications only. Actual additions will depend on the quality and strength of aroma required. Dosing

experiments, using a microlitre syringe to inject oil into bright beer, will give useful indications of the target quantity required.
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Beta Aroma Extract

Beta Aroma Extract provides a non-iso-alpha bitterness when
added to the kettle. Late addition towards the end of boiling will
help to enhance the hop character in finished beer. Small
guantities of residual iso-a and a-acids will also contribute to beer
bitterness

Beta-Aroma-Extract serves three main functions:

« Suppression of OVER-BOILING

 Enhancement of HOP AROMA (14 g/hl equates to 2 g/hl hop oil)
« BACTERIOSTATIC activity on gram positive bacteria
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LSKE - the natural progression....?
p

KE |

PIKE

——




Composition of CO, Extract & LSKE

CO, Hop Extract LSKE
Alpha Acids 57.6% Not detectable
Rho-Iso-Alpha-Acids 0% 40.4%
Beta Acids 19.1% 17.6%
Total Hop Oils 8.1 mil/100gr 6.6 ml/100gr

A COMPLETE light stable kettle extract n







Extract Points of Addition

CO2 Extract,
IKE, PIKE, LSKE

Rho Conc., Rho 35%,

BAE, LS-BAE

Brewhouse

—

Fermentation
Tank

L

Maturation
Tank

Filter

Rho 10%
Tetra 10%

Bright
Beer
Tank

v

Bottling Line




Decision for Certain Products Depends on
Different Needs

Aroma

Flavor / Taste
Bitterness adjustment
Light stability

Foam stability
Economy
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COMMITTED TO THE BREWER
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