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 Dry hopping and turbidity
QUANTITY AND TIMING | There are many different catego-
ries of beer on today’s global beer market, and consumers have 
certain expectations when they choose a particular type. Most 
dry-hopped beers are top-fermented e.g. (New England) India 
Pale Ales, and a certain turbidity is an essential part of these beers’ 
character. To investigate how haze is affected by dry hopping, a 
study was conducted to evaluate the influence of pellet quantity 
and the time of dosage in the cold side of the brewing process.

TODAY’S RECIPES for dry-hopped beer 
styles vary in many ways: hop variety/
varieties, quantity and type of hop prod-
uct, dosing time and applied technique, 
to name just a few. In any case, imparting 
an intense and unique hop aroma is an es-
sential part of producing these beer styles. 
A wide range of malts and other cereals are 
also used to influence and define the char-
acteristic overall flavour. The interaction of 
hops and other raw materials strongly im-
pacts the overall beer matrix including the 
turbidity after dry hopping. Another key 
factor is the ever-growing variety of yeast 
strains on the market, not exclusively when 

influencing aroma but also with regards to 
haze formation [4].

Dry-hopped beers are often sold un-
filtered and consumers expect a certain 
haziness [5]. This non-biological turbidity 
is forced by interactions of haze-active pro-
teins with polyphenols, as well as their par-
ticle size distribution [1, 3]. Once bottled, 
it is not uncommon for the beer’s haze to 
change, reduce or become inhomogeneous 
over time. In some cases, sedimentation or 
coarse flocculation may even occur [2].

Two approaches were investigated to 
further understand the interaction of tur-
bidity in traditionally dry-hopped beer us-
ing hop pellets:

 ■ Trial quantity (TQ): varying the quan-
tity of hop pellets while maintaining a
constant dosing point and contact time;

 ■ trial timing (TT): varying the time of
dry hopping at a constant quantity and
contact time.
The turbidity of the freshly brewed beer 

was analysed as well as the beer after it had 
been stored away from light and at ambient 
temperature for 6 months.

❯  Beer and hop recipe
Hop pellets of the variety US Cascade (crop 
2021) were exclusively used for all trials. 
The base beer was produced according to 
Hopsteiner’s Pale Ale recipe. The beer had 
an original gravity of 14 °Plato achieved 
with a grain bill consisting of 39% pilsner 
malt, 30% Vienna malt, 15% pale caramalt, 
15% wheat malt and 1% acidulated malt. 
Mash-in temperature was 65 °C, which was 
kept constant for a 30 min rest, followed by 
heating up to 72 °C and a subsequent rest 
for 30 min. After achieving a positive iodine 
normality test, the wort was heated to 78 °C 
and transferred to the lauter tun. Wort boil-
ing took 70 min. with an early kettle and a 
late hop addition (80/20% of alpha acids) to 
achieve 14 IBU before dry hopping. After 
boiling and a whirlpool rest, fermentation 
was conducted at atmospheric pressure 
and at 20 °C with the ale yeast strain S-04 in 
the form of dry yeast.

Two brews of this base beer were pro-
duced and used in the respective dry-hop-
ping trials, each performed in triplicate and 
on an 18-litre pilot scale.

In the TQ trial, dry hopping was con-
ducted in the middle of maturation, vary-
ing the hop rates in ascending steps of 250 g 
(fig.1, left). For the TT approach, the hop-
ping rate was fixed at 750 g/hl while the dos-
age time was varied, within a range of 1 to 10 
days after pitching the yeast (fig. 1, right). 
All beers in both TQ and TT were handled 
in exactly the same way aside from the sin-
gle trial variation of dry hopping.

The unfiltered beers were filled in flint 
glass bottles for visual evaluation and tur-
bidity analysis, and filled in regular brown 
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Fig. 1  Overview of the dosage times; left: trial quantity (TQ); right: trial timing (TT)
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bottles for chemical and physical analysis. A 
turbidity meter was used to detect the light 
scattered by particles in the sample at two 
different angles. Particles below 1 µm can 
be detected at an angle of 90° and particles 
above 1 µm at an angle of about 25° forward 
scattering. [4]. Photos were also taken to 
visualise the beers’ haze over time and the 
turbidity was analysed once the aged beers 
had been homogenised.

❯  Results and discussion

 Trial quantity (TQ)
The average turbidity values for TQ are 
shown in fig. 2.

The initial turbidity in the fresh base 
beer was 54/76 EBC units (90°/25°). With 
more hops added, the pattern of the values 
for 25° and 90° remain highly comparable, 
which shows the turbidity-forming parti-
cles behave similarly irrespective of size. A 
dry-hopping dosage of 750 g/hl achieved 
values of 174/198 EBC (90°/25°). Turbid-
ity analyses of beers that were dry-hopped 
with 1000 g/hl and more (not shown) ex-
ceeded 200 EBC units. Increasing hop dos-
ages resulted in turbidity increases of 14/13 
EBC units (90°/25°) for each 100 g pellets 
per hl added.

It can be concluded that the increase in 
haze is primarily due to the greater concen-
tration of polyphenols and haze-active pro-
teins introduced by dry hopping (table 1). 
On average, each 100 g/hl pellets added re-
sulted in about 12.4 mg/l additional poly-
phenols. These compounds form com-
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Fig. 2  Turbidity values for trial quantity

Fig. 3  Trial quantity: fresh samples (left), 6 months at 20 °C, aged samples (right)



BRAUWELT INTERNATIONAL | KNOWLEDGE | RAW MATERIALS

146 BRAUWELT INTERNATIONAL | 2025/III

plexes that remain suspended in the beer, 
increasing light scattering and turbidity.

Turbidity analyses of the aged samples 
show very comparable results to the corre-
sponding fresh samples (fig. 2). However, 
it must be noted that after 6 months of stor-
age, the beer bottles were homogenised for 
standardisation purposes prior to analysis. 
The consistency of analysis results of 90°/ 
25° of the aged samples compared to the 
fresh ones revealed no significant differ-
ence and indicates that the particle sizes 
and their distribution within the formed 
haze remain unchanged throughout the 
warm storage trial. However, particles do 
not remain suspended but settle over time 
and so visually, the samples change drasti-
cally when not moved. Pellet dosages of 
up to 500 g/hl form a visible supernatant, 
while dosage at 750 g/hl still produces a 
slight haziness (fig. 3).

 ❯  Trial timing (TT)
The results are summarised in fig 3.

Compared to the base beer, dry hopping 
at 750 g/hl at different timings significantly 
impacted beer turbidity. The lowest turbid-
ity was measured in the base beer at 72/95 
EBC (90°/25°). The highest turbidity was 
observed for the dry-hop timing on day 10 
at 177/197 EBC (90°/25°), resulting in a 
maximum delta of 105/102 EBC (90°/25°). 
The impact was lower for dosages during 
active fermentation/mid maturation (days 
1 to 7) compared to the latest dry hopping 
on day 10. An average increase of 59/49 
EBC (90°/25 °) was observed from days 1 
to 7, with no significant difference between 
the individual timings. The increase in haze 
intensity with the latest dry hopping on day 
10 suggests that reduced yeast activity at 
the end of fermentation allows more haze-

active proteins and polyphenols to remain 
in suspension. Day 7 already indicates this 
tendency. Similar observations were made 
by Lacy, Burns et al [4].

Once again, the aged samples, when 
homogenised, show highly comparable 
analysis results to the fresh samples (fig. 4).

When the samples are unmoved, their 
visual appearance changes over time. The 
haze settles and leaves clearly visible super-
natants in most samples. The settled sam-
ples appear to be hazier, the later that dry 
hopping takes place. This becomes espe-
cially obvious with the sample dry hopped 
on day 10 (fig. 5).

 ❯  Conclusion

Gradually increasing dosing rates for dry 
hopping as well as varying the timings of 
adding Type 90 pellets during fermenta-
tion and maturation were investigated with 
regard to their impact on the turbidity of 
the finished beer. Each beer was additional-
ly stored at 20 °C for 6 months and analysed 
and visually examined. The study revealed 
several effects of dry hopping with pellets 
on the turbidity of the produced beers:
1. Incremental dosing rates correlate well 

with higher turbidity. In this case, the 
corresponding higher contents of poly-
phenols introduced could be the main 
reason.

2. The timing of dry hopping during fer-
mentation and maturation also impacts 
the turbidity. This effect is greater 
when dry hopping occurs later in the 
process, especially once fermentation 
is complete.

All observations are independent of 
particle size, as turbidity increases at both 

Fig. 5  Trial timing: fresh samples (left), samples aged for 6 months at 20 °C (right)

40

80

120

160

200

base beer day 1 day 2 day 3 day 7 day 10

turbidity
 [EBC]

dry hop timing

90° fresh 25° fresh 90° aged 25° aged

n=3
α=0.05

Fig. 4  Turbidity values trial timing



RAW MATERIALS | KNOWLEDGE | BRAUWELT INTERNATIONAL

BRAUWELT INTERNATIONAL | 2025/III 147 

POLYPHENOL CONCENTRATION IN TRIAL QUANTITY

Dry hop dosage pellets 
T90

Base beer (0 
g/hl) 250 g/hl 500 g/hl 750 g/hl

Polyphenols [mg/l] 191 ± 7 203 ± 24 235 ± 26 284 ± 41

Table 1

25° and 90° in a very similar way the more 
hops added and the later the dry hop tim-
ing. Visual appearance clearly changes over 
time if the bottles are not moved, as seen in 
the pictures of the flint bottles (fig. 3 and 5). 
After homogenising the formed sediments, 
there are no major differences between the 
turbidity of fresh and stored samples. This 
also applies to both trials performed (quan-
tity and timing).

The results of this study indicate that the 
turbidity of dry-hopped beer clears up over 
time during storage, and the settled parti-
cles do not agglomerate or demonstrate 
significant changes in their particle size dis-
tribution. However, the initial turbidity of a 
traditionally dry-hopped beer with pellets 
is strongly influenced by the amount and 
time of dry hopping during production.

For a more detailed and in-depth pres-
entation of this study, please read the Brew-
ingScience article “How the amount and 
timing of dry hopping affects beer turbid-
ity” (BrewingScience vol. 77, July/August 
2024, pp. 66-75). ■
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