
HOPS
HUMULUS LUPULUS

EVERYONE'S FAVORITE FLOWER
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THE LONG HISTORY OF HOPS

Before Hops - Gruit
1150, Abbess Hildegard of Bingen
First mention of hops as preservative
mid 1300's Beer is exported
1500's Hops planted in England
mid 1600's  Coke from coal invented allowing 
for pale malts
Start of pale ales and IPA's
First commercial brewery in US on tip of Manhattan
Late 1800's Bittering acids in hops discovered at 
Wye college in England. Until 1860 most hops in 
America were grown in NY State
1900's to present day Hops bred and cross bred for 
aromatics and acid content



SO, WHAT IS A HOP?
Only female flower used in brewing, 
males used for pollination

Grows on a bine up to 20 feet high

Grows well wherever potatoes are grown

Lupulin gland contains acid resins and aromatic oils

Has natural preservative qualities

Helps with head retention and foam stability

Landrace hops are hops that are well suited to a  
particular area. (Terroir)

Rabbits eat low alpha acid hops with high aroma



Alpha acid main bittering acid in hop resin

Main alpha acids are Humulone, 
Cohumulone, Adhumulone

High percentage of Cohumulone (over 
30%) said to have harsh bitterness quality

Alpha acids are not soluble in wort, need to 
be isomerized by boiling. 

Isomerization, rearranging of atoms to 
create new molecule (isomer)

Longer boiling increases isomeriztion, 
to a point.

Isomerized alpha acids (iso-alpha acids) 
are soluble in wort.

Alpha acid in hop will degrade with time, 
oxygen and heat. Keep your hops airtight 
and cold!

ALPHA AND BETA ACIDS



ALPHA AND BETA ACIDS

Beta Acids, lupulon, colupulone & 
adlupulone, do not isomerize when 
boiled. They add bitterness when 
oxidized.

Beer with high Beta acid content gets 
more bitter with time as alpha acid 
content degrades. High beta acid 
content good for long stored beers. 
2/1 Alpha to Beta content will keep 
beer at consistent bitterness as it ages.

Beta acids also contain some aromatic 
properties



MEASURING BITTERNESS IN BEER

Utilization- The percentage of alpha acid 
that gets into the wort.

The longer the boil, the higher the alpha 
acid of the hop, the lower the gravity of 
the boil, the higher the utilization.

Percentage of iso alpha acid that gets into 
beer is measured in IBU's (international 
bittering units)

1mg/liter of iso alpha acid in 
solution = 1 IBU

Three methods of calculating IBUs are 
Rager, Garetz and Tinseth methods.



IBU's = decimal alpha acid utilization * mg/liter 
of added alpha acids

mg/liter of added alpha acids = decimal AA rating * ozs 
of hops * 7490/ Gallons of wort

TINSETH METHOD OF MEASURING BEER BITTERNESS
Time 1.030 1.040 1.050 1.060 1.070 1.080 1.090 1.100 1.110 1.120 1.130

0

3

6

9

12

15

18

21

24

27

30

33

36

39

42

45

48

51

54

57

60

70

80

90

120

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.123

0.034 0.031 0.029 0.026 0.024 0.022 0.020 0.018 0.017 0.015 0.123

0.065 0.059 0.054 0.049 0.045 0.041 0.038 0.035 0.032 0.029 0.123

0.092 0.084 0.077 0.070 0.064 0.059 0.054 0.049 0.045 0.041 0.123

0.116 0.106 0.097 0.088 0.081 0.074 0.068 0.062 0.056 0.052 0.123

0.137 0.125 0.114 0.105 0.096 0.087 0.080 0.073 0.067 0.061 0.123

0.156 0.142 0.130 0.119 0.109 0.099 0.091 0.083 0.076 0.069 0.123

0.173 0.158 0.144 0.132 0.120 0.110 0.101 0.092 0.084 0.077 0.123

0.187 0.171 0.157 0.143 0.131 0.120 0.109 0.100 0.091 0.083 0.123

0.201 0.183 0.168 0.153 0.140 0.128 0.117 0.107 0.098 0.089 0.123

0.212 0.194 0.177 0.162 0.148 0.135 0.124 0.113 0.103 0.094 0.123

0.223 0.203 0.186 0.170 0.155 0.142 0.130 0.119 0.108 0.099 0.123

0.232 0.212 0.194 0.177 0.162 0.148 0.135 0.124 0.113 0.103 0.123

0.240 0.219 0.200 0.183 0.167 0.153 0.140 0.128 0.117 0.107 0.123

0.247 0.226 0.206 0.189 0.172 0.158 0.144 0.132 0.120 0.110 0.123

0.253 0.232 0.212 0.194 0.177 0.162 0.148 0.135 0.123 0.113 0.123

0.259 0.237 0.216 0.198 0.181 0.165 0.151 0.138 0.126 0.115 0.123

0.264 0.241 0.221 0.202 0.184 0.169 0.154 0.141 0.129 0.118 0.123

0.269 0.246 0.224 0.205 0.188 0.171 0.157 0.143 0.131 0.120 0.123

0.273 0.249 0.228 0.208 0.190 0.174 0.159 0.145 0.133 0.121 0.123

0.276 0.252 0.231 0.211 0.193 0.176 0.161 0.147 0.135 0.123 0.123

0.285 0.261 0.238 0.218 0.199 0.182 0.166 0.152 0.139 0.127 0.123

0.291 0.266 0.243 0.222 0.203 0.186 0.170 0.155 0.142 0.130 0.123

0.295 0.270 0.247 0.226 0.206 0.188 0.172 0.157 0.144 0.132 0.123

0.301 0.275 0.252 0.230 0.210 0.192 0.176 0.161 0.147 0.134 0.123

For example: 

a 60 minutes boil of 1 oz of 13% AA hop 

in 5 gallons of a 1.040 wort

.13*1*7490 = 973.7/5 = 194.74

.252*194.74= 49.07 IBU's



BU/GU RATIO
Bitterness Unit to Gravity 
Unit Ratio is a  rough 
estimate of the balance 
between hop bitterness and 
malt sweetness.

To determine BU/GU divide 
IBU's by Gravity units.

BU/GU ratio changes by 
beer style.



AROMATIC OILS

Aromatic oils from hops are volatile 
and will boil off with time.

The main aromatic oils in hops are 
Myrcene (resinous, most volatile) 
Caryophyllene (woody) 
Humulene (piney) 
Farnesene (floral, noble hop aroma) 

As hops ripen many other oils form such 
as linalool (citrusy) 
geraniol (floral) 
citronellol (fruity)

A Humelene/Caryophyllene (H/C) ratio 
above 3 is considered a "noble" aroma.

Aromatic oils also degrade from time, 
temperature and oxidation. 
Keep those hops fresh!



THE NOSE       KNOWS

The Human nose contain over 25,000 odor receptors

Many receptors needed to receive odor identities to 
perceive smell.

Most people are "nose blind" to about 30% of smells. 
But just about everyone can smell citrus. That is why 
citrus smelling hops are most popular.

Different receptors work when breathing in 
(orthonasal) or breathing out (retro nasal).

Aroma affects taste.  A beer with a spicy aroma will be 
perceived as tasting more bitter than one with a floral 
aroma, even if the beers have the same IBU.



DIFFERENT HOP PRODUCTS
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Wet (fresh) hops:

Hops picked off the 
vine and added to 
kettle or fermenter 
within 48 hours.
Pros: Incredible 
fresh aroma. 
Cons: Much more 
water in cone due to 
not being dried, need 
six times more hop to 
get same affect. Not 
good for bittering. 
Does not store at all 
so must be used right 
away. More 
expensive.

Whole cone hops:

Hops picked and 
sorted off bin. Dried 
and stored in oxygen 
barrier bags.
Pros: Fresher, better 
aroma, easy to strain.
Cons: Rehydrate in 
wort leaving less 
beer. Harder to store. 
Oxidize quicker.

Plugs: 
Whole cone hops 
compressed into 1/2 
oz plug. When 
rehydrated becomes 
whole cone. Not as 
available to home 
brewers.
Pros: Easier to store, 
fresher, easier to get 
into tight spaces.
Cons: Oxidizes 
quicker. Rehydrates 
in wort.

Pellets:

Dry whole cone hops 
hammered into 
powder and 
pelletized. Home 
brewers use t-90 
pellets.
Pros: Better 
utilization. Easier to 
store. Remain fresher 
longer. Easier to get 
into tight spaces (ie 
carboys).
Cons: Some lupulin 
damage may occur 
during pelletizing 
harming hop flavor.
Difficult to strain out 
of wort, forms 
sludge.

Hop extract: 
Alpha acids and 
aroma extracted 
from hop usually 
using a co2 process. 
Can be used for 
bittering or aromatic 
additions.
Pros: Best 
utilization. Less 
vegetable material to 
reach target IBU. 
Cons: Volatile, does 
not last long in 
storage.



SO 
MANY 
WAYS 

TO 
USE 

HOPS



Mash Hop: 
Adding hops directly to the mash. 
Higher ph will give some 
utilization and some aroma will 
bind and not boil off but there's 
disagreement if it is noticeable. 
Used in England in the 1800's to 
help with lautering. Best in lighter 
beers and pilsners.

First Wort Hopping (FWH): 
Hops added to kettle during 
lauter and sparge. 
Lower temperature and higher ph 
adds flavor and aroma equal to 20 
minute boil. Said to impart flavors 
not available any way else. Use 1/3 
of your late addition hops for 
FWH.

Kettle hopping:

Bittering addition (60 minute): 
Highest utilization of alpha acids 
in hops. Less hops needed to reach 
target IBU's. No aroma profile.

Flavor addition (30 - 15 minute): 
Some bitterness extracted plus 
hop flavor and some aroma. Good 
way to increase your IBU’s a little 
more while getting some flavor.

Aromatic addition 
(15 minute to flame out): 
Mostly aromatic oils will stay but 
some IBU's added as well. After 
flame is out good idea to cool wort 
to 180˚F before adding flameout 
addition to keep more oil in wort.



Post boil:

Hop back: 
Container with whole hops in which wort 
is drained through before going to chiller. 
Whole hops must be used. Originally 
used to help filter wort, adds 
hop aroma.

Dry Hop: 
Hops added to primary or secondary 
fermenter to add aroma to beer. 
Pellets or whole leaf can be used.
Beer must be fermented and hops must 
be submerged. Usually 5 to 10 days. 
Several dry hop additions can be used to 
impart stronger aroma.



Torpedo: 
Hop back used with pump to pump 
fermented beer through hops for 
dry hop aroma.

Keg Hopping: 
Hops added directly to keg for dry hop 
aroma. Used in the old days to keep 
beer from going bad.

Hops in beer glass: 
You crazy hop head!



FACTORS THAT AFFECT 
HOP BITTERNESS FLAVOR AND AROMA
Packaging:

Hop Variety

Age of hop

How hop is packaged

How hop is stored

Type of hop product 
(Whole leaf or pellet)

Boil:

Length of boil

Vigor of boil

Gravity of boil

Mineral content 
of water

Alpha acid % of hop

Amount of hop used

Type of hop product

Amount of 
break formed

Fermentation:

Biotransformation

Trub Loss

Length and amount 
of dry hop

Type of hop product

Packaging of beer:

Bottle or keg

Age of beer

Shape of serving 
glass



GROWING HOPS AT HOME
Hops are perennial
Plant Rhizomes in early 
spring after frost
Use mildly acidic loose soil
Plant rhizomes 
horizontally, sprouts up 
roots down, three feet apart
Use stringed trellis for 
bines to attach to
As hops grow train them to 
wrap clockwise around 
string
Prune smaller bines leaving 
two or three healthy bines 
per rhizome

Keep roots wet but not 
waterlogged
Pick cones in late Summer. 
Cones should come off 
easily and spring back 
when compressed. 
Do not expect a large yield 
first year.
Use cones right away or 
dry, vacuum seal and 
refrigerate until use
Leave bines hanging until 
first frost than cut down



CONCLUSION
Learn more about the hops 
you are using
Freshness and storage 
of hops are essential to 
quality beer
Not all bitterness in beer 
comes from hops, certain 
grains can add bitterness 
as well
Due to variables such as 
alpha acid levels, oxidation 
and biotransformation, 
your actual IBU in your 
beer is probably lower than 
calculated. The only true 
way to measure a beers IBU 
is by  laboratory anylasis

For the same reasons, 
the aroma you smell in a 
hop before using isn't 
necessarily the aroma 
your beer will have
Perceived bitterness is 
affected by aroma
Balanced beers taste best
Experiment and have fun! 
More and more is being 
discovered about hops and 
how best to use them. 
Try different varieties, 
different additions


