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editor’s note

elcome to Brew Your Own's
Hop Lover's Guide. Like the

vast majority of homebrew-

ers, we love hops. From the
mildest Saaz to the wildest "C" hop, we can't get enough
of our green friends.

In recent years, homebrewers have been favoring
hoppier and hoppier beers. In 1998, BYO published an
article called “Pucker up! Way Hoppy Beers.” Most of
the beers in that collection had an estimated IBU rating
of 30 to 60. Around that time — or not too many years
earlier — the hoppiest beer you could likely find in
your beer aisle was Sierra Nevada's Celebration at 62
IBUs (according to their website).

In 2003, we published an article called “10 Hoppy
Clones” and only a couple of the clone recipes were
under 60 IBUs. By then, hoppy brews such as AleSmith's
IPA, Bear Republic's Hop Rod Rye, Dogfish Head’s 90-
minute IPA, Russian Rivers Pliny the Elder, Stone's

Ruination, Three Floyd's Dreadnaught and Rogue’s 12PA

were commonplace. Russian River Brewing has labeled
this accumulation in hop tolerance a Lupulin Threshold
Shift, and while mass market brewers worry about
inducing "bitter beer face" if they release a beer over
17 IBUs, many homebrewers ask “Where's the hops?”
when presented with any beer under 70 IBUs,

If you are a hop-loving homebrewer, this special
issue is for you. In it, you will learn what hops are, how
to store them, the many ways hops can be used and
infused into beer at every stage of brewing (even serv-
ing!), how to bring out the best hop character in your
creations and even how to grow and dry your own hops.
For stovetop extract brewers, we even outline the ways
to get around the limitations of a smaller boil volume.
And, of course, we throw in some recipes and some do-
it-yourself projects. Finally, we have a series of hop
charts to help with hop substitutions or finding the hop

with the right alpha acid level or cohumulone level for

(b

Chris Colby, Editor

your brew.

Happy hopping!
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The hop plant (Humulus lupulus) produces the hop cones that are used in

brewing. The cones form from the hop flowers and hold the
lupulin glands that produce the resins and oils used in
brewing. Hop resins can be divided into soft resins,
hard resins and uncharacterized resins. The soft
resins include the alpha acids. In brewing,
the three most important alpha acids
are humulone, cohumulone and adhu-
mulone. These compounds, upon boil-
ing, provide most of the bitterness
found in beer. Beers brewed with
hops high in cohumulone are consid-
ered by some to have a “harsher” hop
character. The soft resins also include
the beta acids that, when oxidized, can
also contribute to bitterness. Hop aroma
comes from hop oils, which may
comprise up to 2% of the weight of the
hop. Different classes of compounds,
including hydrocarbons, oxygen-containing
compounds and sulfur-containing com-
pounds all contribute to hop aroma.
Among the hydrocarbons, myrcene,
humulene, carophyllene and farnescene are
the major components. The noble hops contain

high amounts of humulene.

, Brewers use the cones of the
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- @ Steve Parkes

istorically speaking, hops are a fairly recent innovation in the
brewing world. Although evidence exists of their cultivation as
early as 200 AD in Babylon, and 700 AD in Germany, they were not

widely used in brewing until the 11t Century in Bavaria. They didn't gain wide
acceptance until the 15t or 16th Century in the rest of Europe. In England they
were not highly thought of initially, and their use was banned by King
Henry VIII. This was only a short time before brewers began emigrating to b
the United States, so American brewers have been using hops for about ¢
as long as their European counterparts.

It is impossible to think of a beer today that does not include hops.
In fact, it is a legal requirement in the UK that beer includes hops in the for-
mulation. The Bavarian purity law, the Rheinheitsgebot, written in 1516, also
legislates the use of hops for German brewers.

Hops provide a bitter flavor, a nice flavor and a pleasant aroma to beer.
They enhance the foam on beer and the way the foam clings to the side of the
glass. They also provide protection against beer spoilage [rom certain microorgan-
isms, Over the centuries of hop use, microorganisms have evolved that are resistant to
hops, but most of these are found only in breweries. This was once an important fac-
tor in the evolution of the beer style known as India pale ale (IPA). This beer was
designed to survive a long sea voyage and hence was heavily hopped. As brewers’
understanding of microbiology and sanitary brewing practices have grown, hopping
levels and alcohol content have dramatically decreased in this famous beer style.

Hop cones used for brewing are the dried seed cases of the hop plant Humulus
lupulus. The hop plant is a vining plant that can grow as tall as 30 feet (9 m) high. The
vines of the hop plant are called bines, because they grab their support surfaces with
a multitude of tiny hairs, not the grasping tendrils of a true vine. The hop
plant produces flowers that are small, green and spiky, somewhat resem-
bling a bur. From these flowers the hop cone (or strobile) is formed. Hop

The hops used

cones consist of a central strig or stalk, and between 20 and 50 “petals,”
called bracts. Al the base of these bracts, the resin (known as lupulin) is 1 3
produced as a sticky yellow powder. for bittering and
The hop plant is a perennial with separate male and female plants.
All commercial hops, used for flavoring beers of all sorts, grow on the ﬂaVOring beer are
female plants and will contain seeds if male plants are allowed to pro-
duce pollen near them. To prevent seeds from developing in the hops,
most countries do not permit male plants to be grown anywhere. the female cone
In England, male hops are permitted (except in Hampshire) and
most English hops contain seeds. The plants grow up strings or trellis
wires during the summer and the hops are harvested and dried in
September. In England, the USA, Canada and Australia, hops are packed
into the final package on the farm where they were grown. In European
countries, the individual farmer's hops are blended, re-dried and packed
into bales in large lots or processed directly from the farmer's lots,
There is a great deal of variation between hops from the different

countries, as well as different growing regions within a country and even from farm to

of the hop vine

(Humulus lupulus).

for bittering their beers
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farm. Typically a hop cone consists of the following components:
10% water, 15% total resins, 0.5% essential cil, 4% tannins,
2% monosaccharides, 2% pectins, 0.1% amino acid, 3% lipids
and wax, 15% proteins, 8% ash and 40.4% residual carbohydrate
{cellulose, lignin).

Brewers are largely interested in the total resins and the
essential oils, which represent the brewing value of the hop. Both
are contained in the yellow lupulin dust that is found around the
base of each bract on the hop cone. This material is essentially
the only portion of the hop a brewer need be concerned with. The
rest of the hop's plant matter may perform an important role in
the brewery as a separation aid. The green material acts as a fil-
ter screen which aids in clarifying the wort after it has been
boiled. The other components, particularly proteins and
polyphenols, are soluble in boiling wort, although it should be
remembered that greater quantities of protein and polyphenols
are derived from malt.

The total resins are further sub-divided into hard resins, soft
resins and uncharacterized soft resins. Soft resins consist of
alpha- and bela-acids and it is those compounds that the brewer
is most interested in.

Alpha-Acids

Alpha-acids comprise more than 50% of the soft resins and are
largely thought of as the primary source of bitterness in beer. Not
directly, though, as they are insoluble in wort and must first be
isomerized by heat to become soluble, It requires around 45 min-
utes of boiling to isomerize and solubilize 30% of the potential
alpha-acids from the hops. This amount drops dramatically as the
boiling time diminishes. The isomerization reaction results in a
change in the chemical structure of the alpha-acid molecule.

Alpha-acids belong to a class of compounds known as humu-
lones. They consist of a complex hexasonal molecule with sever-
al side chains, including ketone and alcohol groups. Examples of
humulones include humulone, cohumulone, adhumulone,
posthumulone and prehumulone. Each different humulone dif-
fers in the make-up of the side chain. For instance, humulone has
a side chain of isovalerate attached, while cohumulone has isobu-
tyrate as its side chain. These side chains can become detached
during extended storage under poor conditions and result in the
cheesy flavors sometimes associated with old hops. It has
become accepted dogma among brewers to think of each of these
humulones as having different bittering characteristics. There are
some that swear that the bitterness associated with cohumulone
is “harsher” than that from humulone. Other studies have shown
no difference in sensory impact when each of the different humu-
lones are compared. Nevertheless, the humulone to cohumulone
ratio is now quoted in hop analyses and new varieties are being
bred with low cohumulone levels in mind. Historically, the most
highly prized hop vareties — including noble hops such as
Hallertau, Tettnang and Saaz — also happen to be those that
have low cohumulone levels.

The alpha-acid levels in hops begin to tail off immediately
after harvesting, and continue to decline in storage. The number
quoted to you on a packet of hops was the alpha-acid content
when the hops were tested immediately after harvest. Despite
the best intentions of the retailer, the hops have been subjected

[BFIEW YOUR OWN HOP LOVER’'S GUIDE

to conditions that cause their alpha-acid levels to be lower High
temperature and exposure lo air will speed up the losses of
alpha-acids. In hop varieties with poor storage characteristics, up
to 50% of the total harvest alpha-acids may be lost in six months
when hops are stored at 70 °F (21 °C). A good hop will still lose
20% of its total acids under the same storage conditions. Hops
should be stored in a fridge, or preferably a freezer, and air must
be excluded from the package. This will more than half the dete-
rioration rate of your hops. Since you have no way of knowing what
the hops experienced before you bought them — remember, the
inside of a UPS truck can get up to 140 °F (9 °C) in the summer in
Arizona — it is always better to buy your hops from a reputable
hop supplier.

Additional benefits of alpha-acids are seen from their role in
foam formation and head retention. They cross link chemically
with certain specific proteins in an extremely complex manner to
support foam. If you sip the thick foam on a pint of nitrogen-
poured Guinness, you will notice a distinctly more bitter taste
than that found in the beer beneath,

Beta-Acids

These compounds are not actually bitter, but will turn bitter when
they oxidize during storage. The alpha to beta ratio is considered
important in gauging how a hop will provide bitterness as the
hops age. The bittering potential from alpha-acids declines with
time but the bittering potential from oxidized beta-acids increas-
es. In a hop with a 2:1 ratio of alpha to beta acids, the bittering
potential may remain fairly constant. The oxidation reaction will
take place to an even greater extent during kettle boiling. Beta-
acids consist of lupulone, colupulone, adlupulone and other sub-
stances and, like alpha-acids, differ in the structure of the side
chains. Again there is a difference of opinion in the brewing world
as to the character of bitterness derived from beta-acids com-
pared to that of alpha-acids. In Germany, oxidized beta-acid bit-
terness is preferred while in Japan it is considered too harsh.

Uncategorized Soft Resins

Dr. David Ryder gave a talk ar the National Craft Brewers
Conference in Milwaukee on April 28th, 2000, entitled “Hopping
to Perfection.” Ryder is Vice President of Brewing, Research and
Quality Assurance at Miller Brewing Company. In his lecture, Dr.
Ryder introduced the idea that perhaps uncategorized soft resins
may have some brewing value. In his talk, Ryder announced that
Miller researchers have discovered that this fraction contains a
portion of hop aroma compounds chemically bound to sugars.
The upshot of the research suggested that maybe these com-
pounds find their way into beer where yeast may transform them
into beer flavor compounds. However, until the research is pub-
lished in a journal and is evaluated by brewing scientists, the
uncategorized compounds will remain just that, uncategorized.

Oils

The total oils, formed in the lupulin glands, represent the gener-
al aroma characteristics of the hop. It varies in concentration
depending on hop variety and from season to season. It may be
as low as 0.5% or as high as 2%. The oils are soluble in boiling wort
but are extremely volatile and are largely lost during the wort-
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boiling phase of brewing. A full boil of an hour to an hour and a
half, needed to volatalize most of the unfavorable aroma charac-
teristics from the malt and precipitate enough of the denatured
protein and polyphenols, results in the complete loss of any of
the aroma components from the hops. Brewers get around this
issue by adding a portion of the hop charge to the boiling wort
5-10 minutes from the end of the boil. Alternatively, brewers add
hops immediately alter boiling, but before chilling, to attempt to
extract the aromas and avoid the losses due to volatilization. The
action of yeast fermenting sugar and causing vast amounts of CO,
to rise through the wort has the effect of carrying hop aroma away
with it. While this may produce a wonderful hop aroma in your fer-
mentation area, it will cause a decrease of hop aroma in the beer.
Remember that intense hop aromas are not always pleasant, so
losing some may be a good idea. Hop aroma may also be added
to the finished beer by a process known as dry hopping, in which
whole hops are added to the beer in a maturation vessel. Oils dis-
solve slowly into the beer, probably into the alcohol [raction,
while there is no increase in bitterness in the beer.

There may be up to 300 different compounds in hop oil and
much of the chemistry associated with their role in beer flavor is
vet to be unraveled. Three classes of compounds exist within the
hop oil fraction: hydrocarbons, oxygenated compounds and sulfur
containing compounds. The majority of the compounds in fresh
hops are hydrocarbons (75%) and oxygenated compounds
account for most of the balance. Sulfur compounds represent only
around one percent of the hop oils, but are potent flavor com-
pounds with low taste thresholds.

Hydrocarbons

Principally, hydrocarbons consist of a class of essential oils known
chemically as terpenes. These include monoterpenes such as
myrcene, diterpenes such as dimyrcene, and sesquiterpenes
such as farnascene, humulene, caryophyllene, selenine and
limonene. Each of these essential oils can be isolated and their
individual aroma contributions identified. Some are floral, others
spicy, some are simply described as "hoppy.”

Myrcene, humulene, caryophyllene, and farnescene are the
four major components of hop oil, accounting for up to 80% of the
total essential oils. They are, however, extremely volatile and are
only found in large quantities in beer that has been dry hopped.
The amount of these constituents, and particularly the ratios
between them, can be used as clear varietal indicators.

Myrcene particularly is a major oil and is characterized as
having an unpleasant, aggressively hoppy aroma, with a harsh
grassy character. It is very volatile and hence not found in beer in
large quantities unless the beer has been heavily dry hopped.
Humulene is the hop aroma that is perhaps the most prized. So
hops with a lot of this compound are well thought of, largely
because it oxidizes readily and it's oxidized form is pleasantly
hoppy. Saaz contains as much as 45% humulene. Some hop mer-
chants quote the humulene to caryophyllene ratio as an indicator
of hop aroma quality.

Oxygen-Containing Compounds
This class of compound grows with time as hops are stored and
their components oxidize. Poor storage of hops will result in hops

that may contain up to 50% of these compounds. Since they may
represent powerful flavoring agents that find their way into beer
through late kettle additions of hops, some brewers deliberately
age their hops to enhance these qualities. Oxygen-containing
compounds consist of oxidized terpenes, higher alcohols, aldehy-
des, ketones and esters. Linalool and geraniol are higher alcohols
and provide a floral character to beers, while geranyl acetate is an
ester and provides a fruity character

Sulfur-containing Compounds
Sulfur-containing compounds are found in trace amounts, but may
be potent flavoring agents. Hops in the field are treated with sul-
fur to control mildew, and in Europe some sulfur may have been
added to the warm air in the hop kiln. This causes several highly
volatile compounds, including dimethyl sulfide (DMS), to be pro-
duced and are responsible for cooked vegetable, onion and gar-
lic flavors. Late kettle additions may slightly increase the levels of
these compounds.

Tannins or Polyphenols

Hops also contribute additional polyphenolic compounds to
wort, and these compounds are known to contribute significantly
to beer haze. Luckily, boiling will cause them to combine with
proteins and precipitate out of solution, avoiding additional haze
problems with the finished beer. However, beers that are dry
hopped often exhibit hazes that are difficult to remove.

Noble Hops
Certain hops are prized for their special characteristics. In Europe
these varieties are known as noble hops. The origins of this term
are unknown but it is likely that through their long history of use
they became prized because beer made from them was favored
by drinkers. There are only four true noble hops: Hallertau
Mittelfriih, Tetinang Tettnanger, Czech Saaz, and Spalt Spalter,
Some consider the English varieties Fuggle and East Kent
Golding to be noble. They are characterized through analysis as
having an alpha to beta ratio of 1:1, low alpha-acid levels (2-5%)
with a low cohumulone content, low myrcene in the hop oil, high
humulene in the oil, a ratio of humulene to caryophyllene above
three, and poor storability resulting in them being more prone to
oxidation. In reality this means that they have a relatively consis-
tent bittering potential as they age due to beta-acid oxidation.
Their flavor improves as they age during periods of poor storage.
While it would appear that researchers have managed fo
unravel the exact nature of hop aroma, the sheer number of com-
pounds present, the levels at which they are present, the degree
to which they become modified during aging and storage, and the
multitude of ways they can be used by brewers, make truly accu-
rate use difficult. Likewise, contro] of the actual bittering poten-
tial ot hops is difficult to predict. This is why some of the larger
brewers use extracts, emulsions or oils added directly to finished
beer as a way of controlling the character of a beer’s bitterness,
hop aroma and flavor. This is also why brewers are justified in
insisting they are “artists." *

Sleve Parkes was Brew Your Own's Homebrew Science columnist and
is currently the Brewmaster at Olter Creek Brewing in Vermonl.
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recipes

AleSmith IPA clone
(AleSmith Brewing Co.)
(5 gallons/19 L, all-grain)
OG =1.073 FG = 1.014

IBU=93 SRM =9 ABV =7.6%

Ingredients
14.66 Ibs. (6.6 kg) Gambrinus

2-row pale malt
2.0 oz. (57 g) crystal malt (15 L)

2.0 oz. (57 g) Carapils® malt (6 °L)
2.0 oz. (57 g) Munich malt (10 °L)
2.0 oz. (57 g) wheat malt

1.0 oz. (28 kg) honey malt

7.0 AAU Columbus hops (FWH)

(0.5 oz./14 g of 14% alpha acids)
7.0 AAU Simcoe hops (FWH)

(0.53 0z./15 g of 13% alpha acids)
3.25 AAU Columbus hops (60 mins)

(0.23 0z./6.5 g of 14% alpha acids)
1.33 AAU Amarillo hops (30 mins)

(0.17 0z./4.8 g of 8.0% alpha acids)
2.25 AAU Simcoe hops (15 mins)

(0.17 0z./4.8 g of 13% alpha acids)
2.66 AAU Columbus hops (10 mins)

(0.19 0z./5.4 g of 14% alpha acids)
2 AAU Cascade hops (5 mins)

(0.4 0z./11 g of 5.0% alpha acids)
5 AAU Cascades hops (1 mins)

(1.0 0z./28 g of 5.0% alpha acids)
0.5 oz. (14 g) Columbus hops (dry hop)
0.5 oz. (14 g) Amarillo hops (dry hop)
0.5 oz. (14 g) Cascade hops (dry hop)
0.25 oz. (7.1 g) Simcoe hops (dry hop)
0.25 oz. (7.1 g) Chinook hops (dry hop)
1 tsp. Irish moss (15 mins)

White Labs WLP0O1 (California Ale)
0.75 cups corn sugar (for priming)

Step by Step

Mash at 1562 °F (67 °C) for 60 minutes.
Boil for 90 minutes, following hop addi-
tion schedule. ("FWH" means first wort
hops — hops added to the wort before
the boil starts.) Whirlpool wort and let sit
for 15 minutes before you begin cooling.
The fermentation temperature is 68.5 °F
(20.3 °C).

Extract with grains version:
Replace pale malt with 7.25 Ibs. (3.3 kg)

light dried malt extract and 1.0 Ib.
(0.45 kg) 2-row pale malt. Steep crushed
pale malt plus specialty malts in 64 oz.
(1.9 L) of water at 152 °F (67 °C) for 45
minutes. To finish, follow remaining all-
grain instructions.,

Flying Dog

Gonzo Porter clone
(5 gallons/19 L, all-grain)
OG =1.088 FG = 1.025

IBU=75 SRM =83 ABV =8.2%

Ingredients

15 Ibs. (6.8 kg) 2-row pale malt

2.5 Ibs. (1.1 kg) crystal malt (120 °L)
1.0 Ib. (0.45 kg) black malt

0.5 Ib. (0.23 kg) chocolate malt

5.5 AAU Warrior hops (90 mins)

(0.34 0z./9.7 g of 16% alpha acids)
9.4 AAU Northern Brewer hops

(60 mins)

(1.0 02./30 g of 9% alpha acids)
9.4 AAU Northern Brewer hops

(30 mins)

(1.0 0z./30 g of 9% alpha acids)
3.0 oz. (85 g) Cascade hops (0 mins)
4.0 oz. (114 g) Cascade hops

(dry hops)

Wyeast 1056 (American Ale) or White

Labs WLP0O1 (California Ale) yeast

(3 gt./~3 L yeast starter)

0.75 cups corn sugar (for priming)

Step by Step

Mash at 152 °F (67 °C). Lauter slowly to
allow maximum sugar collection. Two
hour boil. Ferment at 70 °F (21 °C).

Flying Dog
Gonzo Porter clone
(5 gallons/19 L,
countertop partial mash)
OG =1.088 FG = 1.025
IBU=75 SRM =84 ABV=8.1%

Ingredients

3.0 Ibs. (1.4 kg) Briess Light dried
malt extract

6.75 Ibs. (3.1 kg) Alexander's Pale
liquid malt extract (late addition)

2.5 Ibs. (1.1 kg) crystal malt (120 °L)

1.0 Ib. (0.45 kg) black malt

0.5 Ib. (0.23 kg) chocolate malt
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5.5 AAU Warrior hops (90 mins)

(0.34 02./9.7 g of 16% alpha acids)
9.4 AAU Northern Brewer hops

(60 mins)

(1.0 0z./30 g of 9% alpha acids)
9.4 AAU Northern Brewer hops

(30 mins)

(1.0 0z./30 g of 9% alpha acids)
3.0 oz. (85 g) Cascade hops (0 mins)
4.0 oz. (114 g) Cascade hops

(dry hops)

Wyeast 1056 (American Ale) or White

Labs WLP0O1 (California Ale) yeast

(3 qt./~3 L yeast starter)

0.75 cups corn sugar (for priming)

Step by Step

Heat 5.5 quarts (5.2 L) of water to 166 °F
(74 °C). Let grains mash, starting at
155 °F (68 °C), for 30 minutes. Heat 2.0
gallons (7.6 L) of water to a boil in your
brewpot and 2.5 gts. (2.4 L) of water to
180 °F (82 °C) in a large kitchen pot. Run
off "grain tea" to brewpot. Add the
2.5 gts. (2.4 L) of 180 °F (82 °C) water to
the grains and let sit for 5 minutes. Run
off remaining "grain tea" to brewpot.
Add dried malt extract and bring to a
bail, adding hops at times indicated in
the ingredient list. With 15 minutes left in
boil, stir in the liquid malt extract. Cool
wort and transfer to fermenter. Add
water to make 5.0 gallons (19 L), aerate
well and pitch yeast. Follow fermenta-
tion instructions in all-grain recipe.

Hop Rod Rye clone
(Bear Republic Brewing
Co., California)

(5 gallons/19 L, all-grain)
0G =1.072 FG=1.017

IBU =84 SRM =17 ABV=7.2%

Ingredients

8.75 Ibs. (4.0 kg) 2-row pale malt

2.5 Ibs. (1.1 kg) rye malt

1.25 Ibs. (0.57 kg) flaked rye

1.15 Ibs. (0.52 kg) Munich malt

0.625 Ibs. (0.28 kg) wheat malt

0.625 Ibs. (0.28 kg) Carapils® malt

1.75 oz. (49 g) black mait

10.4 AAU Tomahawk hops (60 mins)
(0.74 0z./21 g of 14% alpha acids)

4.73 AAU Centennial hops (30 mins)




(0.43 0z./12 g of 11% alpha acids)
24.3 AAU Tomahawk hops (0 mins)
(1.7 0z./49 g of 14% alpha acids)
0.75 oz. (21 g) Amarillo hops (dry hop)
1.0 oz. (28 g) Centennial hops
(dry hop)
1 tsp Irish moss (15 mins)
Wyeast 1272 (American Ale II) or
White Labs WLP051
(California V) yeast
0.75 cups corn sugar (for priming)

Step by Step

Mash in at 145 °F (63 "C) then ramp tem-
perature to 152 °F (67 "C) for conversion.
Mash out to 170 °F (77 °C). Boil for 90
minutes, adding hops at the times indi-
cated in the ingredient list. Whirlpool the
wort and let it sit for 15 minutes prior to
cooling. Ferment at 68 °F (20 °C).

Extract with grains version:

1.0 Ib. (0.45 kg) 2-row pale malt. Steep
crushed grains in 2.25 gallons (8.5 L) of
water at 152 °F (67 °C) for 45 minutes.

(5 gallons/19 L,

extract with grains)
0G=1.052 FG=1.013
IBU =40 SRM =10 ABV =5.0%

Ingredients
2.5 Ibs. (1.1 kg) light dried
malt extract
3.3 Ibs. (1.5 kg) Coopers
Light liquid malt extract
(late addition)
1.0 Ib. (0.45 kg) Munich malt (10 °L)
14 oz. (0.39 kg) Great Western two-row
pale malt
4.0 oz. (112 g) crystal malt (60 °L)

3.75 AAU Cascade hops (15 mins)
(0.75 0z./21 g of 5% alpha acid)

3.75 AAU Cascade hops (5 mins)
(0.75 0z./21 g of 5% alpha acid)

1 tsp. Irish moss (15 mins)

White Labs WLP001 (California Ale) or
Wyeast 1056 (American Ale) yeast
(1.75 qis./~1.75 L yeast starter)

0.75 cup corn sugar
(for priming)

Step by Step

Steep crushed malts in 3.3 gts. (3.1 L) of
water at 150 °F (66 “C) for 30 minutes.
Rinse grains with 1.5 gts. (~1.5 L) of
water at 170 °F (77 °C). Add water
to make 3 gallons (11 L), stir in dried
malt extract and bring to a boil. Boil
for 60 minutes, adding hops and Irish
moss at times indicated. Cool wort and
transfer wort to fermenter. Top up to 5
gallons (19 L) with cool water. Aerate

Replace the 2-row pale malt with 425  8.25 AAU Centennial hops (60 mins) wort and pitch yeast. Ferment at
A Ibs. (1.9 kg) dried malt extract and (0.69 0z./19 g of 12% alpha acid) 68 °F (20 °C). 9
----------------------—---—-----------------‘
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Sure, you love hops. But what form of hops — whole, plug or pellet

should you use in your kettle, hopback or secondary fermenter?
And how do you store hops properly so they remain fresh
and usable? That's what this article is all about. We'll
examine whole hops, which are lightly-
processed, but take a lot of space to store.
If you use a hopback, though, you'll
need whole hops for it. Hop pellets are
a condensed form of hop that also
give higher utilization in the kettle. Hop
plugs can be thought of as a hybrid
of these two forms.

Storing your hops properly
means keeping them cold and away
from oxygen. The hops you buy should
come in oxygen-barrier bags. Once you

get them home, you should store them
in a freezer — a non-frost-free freezer if
you plan to store them for awhile. Hops
will lose alpha acids over time, even when
stored cold, but they will maintain their fla-

vor and aroma properties for a few years.

Learn the types of hops, K«

10
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here are many different varieties of hops available to the homebrewer. In addi-

I tion, hops come in a few different forms. Different forms of hops vary with
regards to their storage potential and performance in the brewhouse

Whole Hops

Whole hops are simply hop cones that have been picked and dried in large
kilns called oasts. Some European hops may also have been sulfured, mean-
ing sulfur sticks were burned in the kiln to give the hops a uniform green
appearance. German hops are almost always sulfured. In contrast, no hops grown
in the United States are. Whole hops, or cone hops, are someltimes erroncously
called leaf hops, although the leaves of the hop plant are not used in brewing.

In storage, the lupulin glands of whole hops are exposed and will oxidize faster than
pellet or plug hops when exposed to oxygen. Under optimal storage conditions — frozen,
inside an oxygen-barrier bag — the difference is minimal.

Many homebrewers grow their own hops, and hence have whole hops to brew with.
However, measuring the alpha acid level in them requires laboratory analysis and equip-
ment beyond that found in a typical homebrewery. However, hop producers, larger brew-
eries and some independent laboratories routinely measure the alpha acid level of hops.
For a fee, it is possible to send samples to these labs for precise analysis.

When boiled, whole hops float on top of the wort and it is easy to siphon clear wort
out from underneath them after the boil. When brewing with a kettle
with a spigot at the bottom, a screen at the bottom of the kettle may be 4
employed to keep the hops from exiting the kettle. Whole hops may be
used in a hopjack (or a Randall) as the cones will form a filter bed for the
wort or beer. In the same situation, pellets would dissolve into a
“sludge,” blocking the flow of the liquid.

Whole hops are only lightly processed (just picked and dried) and this
appeals to some brewers. Many prefer to use whole hops when dry hopping — even
if they use pellet hops in the kettle — as they feel their aroma qualities are better,

Hops come in
Hop Plugs

Hop plugs are made from whole hops, cut into small pieces and pressed into half- several different forms.
ounce (14 g) disks. As with T-90 hop pellets (discussed below), they contain all the
material of the whole hops. Unlike hop pellets, the material in hop plugs will float

once the plug breaks apart in the kettle.

The most popular three
One advantage of plug hops is that their weight is consistent and this can make forms for homebrewers
it easy to make hop additions to your kettle during the boil. As long as you round off
your hop additions to the nearest half-ounce (14 g), you can simply count out the are pelletS (tOp), WhOie
number of plugs you need.
hops (middle) and
Pellet Hops

Pellet hops are whole hops that have been finely milled and extruded through a die.
Pellets are widely used by homebrewers and commercial brewers because they are

plugs (bottom).

much mere compact than whole hops and have better storage characteristics when
storage conditions are not optimal. Pellet hops also show about 10% better hop uti-
lization than whole hops.

The friction from pressing the hop material through the die causes it to heat up. In the

and how to properly store them at home.
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past, this heat led to the degradation of
some volatile hop components. These
days, pellet dies are cooled by liquid
nitrogen and the flow rate through the die
and temperature of the extruded product
are monitored to keep these losses to a
minimum,

In the kettle, pellets dissolve and the
material from them sinks to the bottom of
the vessel. (They also sink when used as
dry hops.) As such, whirlpoocling your wort
— stirring it in a circular motion, then let-
ting the debris settle in the middle of the
kettle — is advised before racking the
wort to your fermenter.

The kind of pellets homebrewers are
familiar with are T-90 pellets. These pel-
lets contain everything that whole hops
contain — both lupulin gland material and
vegetative matter. As such, the alpha acid
rating of these pellet hops will be the
same as (or close to) the alpha acid rating
of the whole hops they were made from.

T-45 pellets are hop pellets made
such that about half of the vegetative mat-
ter is removed, thus roughly doubling the
alpha acid percentage of the pellet.
Brewers wishing to brew highly bitter beer,
but minimize the amount of vegetative
matter in their kettle should consider T-45
pellets. Unfortunately, they are not com-
monly available to homebrewers.

Evaluating

When buying hops, you should search out
those that look green, not brown. In addi-
tion, hops should smell fresh, not cheesy.
A standard way of evaluating hop aroma is
to take whole hops in your hands, rub
them together briskly three or four times,
then quickly put your nose right down in
the sample and smell it, Rubbing ruptures
the lupulin glands and releases aroma.

At your homebrew shop, hops should
be stored frozen and packaged in oxygen
barrier bags. Hop resins are somewhat
unstable and prone to oxidation, and the
alpha acid level of hops decreases over
time. This loss is decreased at lower tem-
peratures, and when hops are shielded
from exposure to oxygen. The storage sta-
bility also varies with the variety of hops.
Some varieties will lose more than 50 per-
cent of alpha acids if stored for a year at
room temperature; the loss is less than 15
percent if stored at (0 °F (-18 °C). Of course,
you will not be able to smell the aroma of

frozen and properly bagged hops until
you open the package.

Storing at Home

Hops should be stored in your freezer at
home until it is time to use them. If you
are going to use the hops within a few
months, an ordinary frost-free freezer —
like that found in almost all home refriger-
ators — is fine. (For short term storage, up
to a couple weeks, your refigerator is fine.)

For long-term storage, hops should be
placed in a non frosl-free freezer which
does not go through freeze-thaw cycles. If
you are storing your hops for 6 months or
longer, they would be better off perma-
nently frozen. In this state, they can last
for years. The alpha acids will still degrade
over time, but the hops will still smell
good and be suitable for brewing.

If you don't have a frost-free freezer,
you can package the hops to minimize the
effects of the freeze-thaw cycles. Take a
small cooler or large ziplock bag and place
a layer of crushed ice in it. Pack your hops
— inside their oxygen barrier bags — on
top of the ice and then cover them with
more crushed ice. A buffer of ice between
the hops and the environment of the
freezer will keep the hops at a more
steady temperature. After awhile in stor-
age, you may need a hammer to crack
through the ice to get to your hops.

Some homebrewers buy their hops in
bulk late in the year after the harvest
comes in. (If you plan to do this, be sure
you confirm which year your hops come
from.) Big packages of hops should be
broken down into smaller packages once
opened. Regular plastic ziplock bags are
oxygen permeable. If you're stuck with this
as your only option, double bag your hops
to minimize exposure to oxygen.

Food sealers, such as Seal-A-Meal or
Food Saver, are great for repackaging bulk
hops into smaller portions. These devices
remove most of the air {and hence the
oxygen) from the portion, then seal the
bag. The bags themselves can be stored in
a large canning jar.

If you plan to store hops for any length
of time, be sure to label the bag with the
variety, the alpha acid rating and when
you purchased it. P

Bill Pierce was the Advanced Homebrew
columnist for Brew Your Own.
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recipes

Sierra Nevada
Celebration Ale clone
(Sierra Nevada, California)
(5 gallons/19 L, all-grain)
0OG =1.064 FG = 1.014

IBU=60 SRM =12 ABV = 6.4%

Ingredients
11.5 Ibs. (5.2 kg) 2-row pale malt
1.0 Ib. (0.45 kg) crystal (35 °L)
0.5 Ib. (0.23) Carapils® malt
11 AAU Chinook hops (60 mins)
(1.0 0z./28 g of 11% alpha acids)
8.5 AAU Cascade hops (30 mins)
(1.7 0z./48 g of 5.0% alpha acids)
0.66 oz. (19 g) Cascade whole hops
(dry hop)
0.66 oz. (19 g) Centennial whole hops
(dry hop)
1 tsp. Irish moss (15 mins)
Wyeast 1056 (American Ale) or
White Labs WLP001
(California Ale) yeast
(1.5 gt./1.5 L yeast starter)
0.75 cups corn sugar (for priming)

Step by Step

Mash at 156 °F (69 °C) for 60 minutes.
Boil wort for 90 minutes, adding hops
as indicated in the recipe. Ferment at
66 °F (19 °C). Dry hop in secondary for
5 days at 60 °F (16 °C).

Extract with grains option:

Replace 2-row malt with 3.0 Ibs. (1.4
kg) light dried malt extract, 3.3 Ibs. (1.5
kg) light liquid malt extract and 1.5 Ib.
(0.68 kg) 2-row malt. Steep crushed
grains in 120 fl. oz. (3.5 L) of water at
156 °F (69 °C) for 45 minutes. Combine
“grain tea” and water to make 4.0 gal-
lons (11 L) in brewpot. Add dried malt
extract and boil wort for 90 minutes,
adding hops as indicated in the recipe.
Do not let wort volume dip below 3.0
gallons (11 L) during boil. Add liquid
malt extract at end of boil. Let sit (with
the brewpot cover on) for 15 minutes,
then cool wort. Transfer to fermenter
and top up to 5 gallons (19 L). Aerate
wort and pitch yeast. Ferment at 66 °F




(19 °C). Dry hop in secondary for 5 days
at 60 °F (16 °C).

Two Hearted Ale clone
(Bell’'s Brewery, Michigan)
(5 gallons/19 L, all-grain)
OG =1.058 FG =1.012

IBU =56 SRM =8 ABV =5.9%

Ingredients

9 Ib. 5 oz. (4.2 kg) 2-row pale malt

2.0 Ibs. (0.91 kg) Vienna malt

0.5 Ibs. (0.23 kg) crystal (10 °L)

0.33 Ibs. (0.15 kg) Carapils® malt (6 °L)

5.5 AAU Centennial hops (60 mins)
(0.5 0z./14 g of 11% alpha acids)

5.5 AAU Centennial hops (45 mins)
(0.5 0z./14 g of 11% alpha acids)

5.5 AAU Centennial hops (30 mins)
(0.5 0z./14 g of 11% alpha acids)

5.5 AAU Centennial hops (15 mins)
(0.5 0z./14 g of 11% alpha acids)

0.33 oz. (9.4 g) Centennial hops (0 min)

0.33 oz. (9.4 g) Centennial hops
(dry hop)

0.5 tsp. Irish moss (15 mins)

Wyeast 1272 (American Ale ll), White
Labs WLPO051 (California V) or yeast
cultured from a bottle of this beer

0.75 cups corn sugar
{for priming)

Step by Step

Mash at 152 °F (67 °C) for 1 hour. Boil
wort for 75 minutes, adding Centennial
hops at the times indicated in the
recipe. Ferment at 70 °C (21 °C). Dry
hop for three days in secondary.

Extract with grains option:

Replace 2-row malt with 2.0 lbs.
(0.91 kg) light dried malt extract,
3.3 Ibs. (1.5 kg) light liquid malt extract
and 1 Ib. (0.45 kg) 2-row malt. Steep
crushed grains in 1.2 gallons (4.6 L) of
water at 152 °F (67 °C) for 45 minutes.
Begin 60-minute boil with 4.0 gallons
(15 L) and do not let volume dip below
3.0 gallons (11 L) during boil. Add dried
malt extract at beginning of boil, hops
at times indicated and liquid malt
extract at end of boil. Ferment at 70 °C
(21 °C). Dry hop for three days in sec-
ondary.

Racer 5 clone

(Bear Republic Brewing
Co., California)

(5 gallons/19 L, all-grain)
0G =1.071 FG=1.015

IBU =60 SRM =10 ABV =7.2%

Ingredients
11.25 Ibs. (5.1 kg) 2-row pale malt
1 Ib. 11 oz. (0.76 kg) wheat malt
10 oz. (0.28 kg) crystal malt
(15°L)
6.7 oz. (0.19 kg) dextrose
{corn sugar)
3.4 oz. (95 g) Carapils® malt
6.1 AAU Chinook hops (90 mins)
(0.51 0z./14 g of 12% alpha acids)
8.7 AAU Cascades hops (60 mins)
(1.74 0z./49 g of 5.0% alpha acids)
0.3 oz. (8.5 g) Centennial hops (dry hop)
0.3 oz. (8.5 g) Amarillo hops (dry hop)
0.2 oz. (5.7 g) Cascade hops (dry hop)
0.2 oz. (5.7g) Tomahawk hops (dry hop)
Wyeast 1272 (American Ale Il) or
White Labs WLP051
(California V) yeast
0.75 cups corn sugar (for priming)

Step by Step

Mash in at 145 °F (63 °C) then ramp
temperature to 152 °F (67 °C) for con-
version. Mash out to 170 °F (77 °C).
Boil for 90 minutes, adding hops at the
times indicated in the Ingredient list.
Ferment at 68 °F (20 °C).

Extract with grains version:
Replace pale malt with 3.0 Ibs.
(1.4 kg) light dried malt extract, 4.0 Ibs.
(1.8 kg) light liquid malt extract and
5.3 oz. (0.15 kg) 2-row malt. Steep
crushed grains in 1 gallon (3.8 L) of
water at 152 °F (67 “C) for 45 minutes.
Combine “grain tea,” water and dried
malt extract in brewpot to make 4 gal-
lons (15 L) of wort. Boil for 90 minutes,
keeping boil volume over 3.0 gallons
(11 L) by topping up with boiling water,
if needed. Add hops at times indicated
and liquid malt extract at end of boil.
Ferment beer at 68 °F (20 °C).

Hop Jack
Pale Ale clone

(Widmer Brothers
Brewing Co., Oregon)
(5 gallons/19 L,

extract with grains)
OG =1.066 FG = 1.014
IBU =40 SBRM =19 ABV =5.4%

Ingredients

11b. 2 oz. (0.51 kg) Coopers Light
dried malt extract

3.3 Ibs. (1.5 kg) Muntons light liquid
malt extract (late addition)

0.5 Ib. (0.23 kg) Vienna malt

1.0 Ib. (0.45 kg) Munich malt

1.5 Ib. (0.68 kg) crystal mait (40 °L)

0.25 Ib. (0.11 kg) dextrin malt

1.9 AAU Willamette hops (60 mins)
(0.38 0z./11 g of 5% alpha acid)

5.6 AAU Cascade hops (60 mins)
(1.1 0z./31 g of 5% alpha acid)

7.1 AAU Cascade hops (10 mins)
(1.4 0z./39 g of 5% alpha acid)

3.8 AAU Centennial hops (2 mins)
{(0.31 0z./9 g of 12% alpha acid)

3.7 AAU Cascade hops (2 mins)
(0.74 0z./21 g of 5% alpha acid)

1 tsp. Irish moss (15 mins)

White Labs WLP0O1 (California Ale) or
Wyeast 1056 (American Ale) yeast
(1.75 gts./1.75 L yeast starter)

0.75 cup of corn sugar
(for priming)

Step by Step

Steep crushed malts in 2.0 gallons (7.6
L) of water at 150 °F (66 °C) for 45 min-
utes. Rinse grains with 1.0 gallon (3.8 L)
of water at 170 °F (77 °C). Add water to
make 3 gallons (11 L), stir in dried malt
extract and bring to a boil.

Add Willamette and Cascade (bit-
tering) hops and boil for 60 minutes.
Add the liquid malt extract and Irish
moss with 15 minutes left in the boil.
Add flavor hops for the last 10 minutes
of the boil. Add aroma hops (Centennial
and Cascade) for the last 2 minutes of
the boil. When done boiling, cool wort
and transfer to a sanitary fermenter.
Top up to 5.0 gallons (19 L) with cool
water. Aerate wort well and pitch yeast.
Ferment at 68 °F (20 °C) for 10 to 14
days. Bottle your beer, age for two
weeks and enjoy!
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How you add hops to your beer affects the hop character of the finished

N \w beer. Traditionally, bittering hops were added to the boiling wort

iy and boiled for 60 to 90 minutes. If additional hop flavor

€.
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and aroma was required, some hops were added late
in the boil. However, hops can be added to the
wort before it boils (as in first wort hop-
ping), to the kettle or other vessel after
the boll (as in whirlpool hopping) or at
any time throughout the boil (as in
continuous hopping).
Hops can also be added after

the boil. Traditionally, hops added to

a cask were called dry hops, but you

can also add hops in krdusen beer or

d‘ - Different hops have different characteris-
It tics. The level of alpha acids and
essential oils in your beer is altered by
boilovers, blowoffs, hops clinging to

the side of your kettle and oxidation,

SO your brewing techniques also affect

hop character.

- Learn how and when to : ’
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omebrewers love beer recipes, and we've

included plenty in this Hop Lover's Guide.

However, a recipe is not the same thing as
a finished beer — you need to brew it. And, the equipment and
techniques you use affect the character of your brew, To give
one hop-related example, how you chill your wort affects your
hop profile. If you use an immersion chiller, the wort is chilled
in bulk. However, if you employ a counterflow chiller, hot wort
remains in the kettle as smaller volumes of wort are drawn off
and quickly cooled as they flow through the chiller. As such, the

heat profile the hops experience differs between the two meth-
ods. If you are used to brewing beers with lots of hops added
late in the boil, switching cooling methods will alter your hop
flavor and aroma.

Likewise, your water chemistry, how you handle the hop-
ping during the boil, how you conduct the termentation and
how well you protect the beer from oxiclation all influence the
hop presentation. For example, did you know that the air inside
the little spaces between the bracts of the hop cones can con-
tribute to oxidation if you dry hop? It can. To minimize this
threat, you can add a small amount of dry ice (frozen CO;,) to
your keg before you rack the beer into it. Add the dry hops to
the keg and let them sit there as the dry ice sublimes. Put a
square of aluminum foil over the top of the keg to hold the gas

in, but don't seal the keg. The evolving CO; gas will displace much of the oxygen

entrained in the hops. Once the dry ice is gone, promptly rack the beer
into the keg, seal and purge the headspace with a couple bursts of COy
from your tank and your beeris being dry hopped. (Note: don't rack beer
into the keg while solid CO, remains, this will cause explosive foaming.)

That's a small example, but in the next few chapters, we'll review the
major hopping techniques and how they influence hop character. How
long you heat your hops affects whether they contribute mostly bitter-
ness. flavor or aroma to your beer Likewise, knowing the factors thal
decrease hop bitterness during beer production can also influence when
you decide to add your hops — and hops can be added at many points
in the brewing stream besides the boil.

Brewing a quality hoppy beer is not excessively difficult. But fo real-
ly make a great pale ale, IPA or double IPA — or even a nice, hoppy
robust porter — you need to know the various influences on hop profile
beyond hop varieties and how much of them you add. This seclion cov-
ering hopping methods is divided into three chapters, wort boiling and
hop character (page 16-18), fermenting and conditioning (page 19-21),
and hop character (page 22-23).

The method
and timing of adding
hops influences the
hop profile

of your beer.
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WORT
& HOP

BOILING

CHARACTER

by Chris Colby

he bitterness in beer is

developed by boiling the

hops in wort, Likewise, boil-
ing hops adds hop flavor and aroma. The
bitterness balances the sweetness of the
beer and the flavor and aroma of hops add
a special “spice” to it The amount of bit-
terness in beer depends primarily on how
much hops are added to the kettle, the
alpha acid rating of the hops and how long

There are many hopping methods and
these affect hop character,

they are boiled. The hop flaver and aroma
of a beer can be altered by adding hops at
different times during the boil. Hop flavor
and aroma can also be added to beer out-
side of the boil, for example, when a hop
jack is used or the beer is dry hopped.

Since the boil is where most of the
"action” happens with regards to hopping,
we'll start by reviewing what happens in
the boil.

What Happens
During the Boil?
A lot happens during the boil, even
though brewers don't do much during this
period except for adding hops (and per-

ﬂ BREW YOUR OWN HOP LOVER'S GUIDE

haps a fining agent) at specified times.

Wort Expansion: Wort expands when
heated. A 5-gallon (19-L) brewer is unlike-
ly to notice this, but larger-volume home-
brewers may notice the volume shrinkage
upon cooling. At 68 °F (20 °C), ale fermen-
tation temperature, wort occupies about
4% less volume than it did at boiling
(around 215 °F/102 °C for most worts). For
a 5-gallon (19-L) batch, the volume shrink-
age is approximately equal to two (12
0z./355 mL) beers.

Evaporation of Water: When wort boils,
water evaporates from it. One conse-
quence is that, the wort volume will shrink
during the boil. (This shrinking more than
counteracts the expansion due to heating,
which stops once boiling starts and the
lemperature is no longer rising.)

An easy way to determine the vigor of
your boil is to measure the evaporation
rate. To calculate this, measure your wort
volume at the beginning of the boil and
again one hour later Your evaporation
rate, given in percent per hour, is caleulat-
ed as:

Evap. Rate (per hour) = 1-1Va/Vp) X 100

where V, is your wort volume after boil-
ing for 60 minutes and Vi is the volume of
the wort before the boil (ie. when it's
been boiled for 0 minutes).

For example, let's say you had 6 zal-
lons (23 L) at the beginning of the boil
(time 0) and 5 gallons (19 L) one hour later
(time 60). Your evaporation rate would be
1-(5/6) X 100 = 16,67, an evaporation rate
of 16.67%. For most homebrews, a 10%
evaporation rate per hour provides a suffi-
ciently vigorous boil. Less than this and
your hop extraction and break formation
suffers. An evaporation rate over 20% can
result in excessive wort darkening,

Another consequence of evaporation
is that the concentration of sugars will

increase in the worl. You can estimate how
the gravity of your wort will change by
using the formula C,V, = C,Vs. In the
equation, C, is the concentration of wort at
the beginning of the boil and V, is the vol-
ume at the beginning of the boil and Cyis
the unknown concentration of wort at the
end of boil, when the wort will have a vol-
ume of V,,

Let's say that you have 6 gallons (23 L)
of wort at a specific gravity of 1.040 and
plan to boil it down to 5 gallons (19 L),
Substituting the numbers into the equa-
tion, we get 6(40) = 5(X), where X is our
unknown specific gravity. (Notice that you
only use the decimal portion of specific
gravity — i.e. 1.040 becomes 40,) Solving
for X, we get 6(40)/5 = 240/5 = 48. so our
expected specific gravity would be 1.048,

Wort Color: Wort darkens for two reasons.
Primarily, the wort gets darker because it
is gelting more concentrated and secon-
darily because chemical reactions are
forming colored molecules from colorless
precursors, The carmelization of sugars is
one example of this type of reaction.
Maillard  reactions  are another.
Carmelization occurs when (colorless) sug-
ars react with other sugars and form color-
bearing polymers. Maillard reactions
occur between sugars and amino acids.

If you want to differentiate between
the effect of wort concentration and direct
color development in your wort, try this
experiment. Take a sample of wort imme-
diately after the hot break then take a sec-
ond sample at the end of your boil. You
can compare the two to see the extent of
wort darkening. To estimate how much of
the darkening was due to color-develop-
ing reactions, dilute your final wort back o
the concentration it was when you took
the first sample. Comparing the early and
late worts, corrected for loss of water,
should show you how much wort color
comes from Maillard reactions and sugar
carmelization.

Don't take this test too seriously,
though. Other things that affect color are
going on as well, including the effect of the
precipitated break material, However, this
is a good, quick check for extract brewers
whose beers are too red. You can check if
the color is developing during the boil or
if your extract was simply carrying too
much color to begin with,




