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It is commonly known that there are many factoet gffect the fermentability (limit of
attenuation) of brewing wort. The series of experts conducted here are aimed at
understanding not only the qualitative impact bugoaquantify the changes of
fermentability depending on the parameters thaewensidered for evaluation.

In the Understanding Attenuation article [braukamam] it is mentioned that final
attenuation of a beer mainly depends on 2 factorst of attenuation (i.e. attenuation
potential) and the yeast's ability to come closé¢het limit of attenuation. The limit of
attenuation is only effected by mashing and theé Fasment Test has been introduced to
determine it. For simplicity sake, these experirmenmtly focus on single infusion mashes
and explore the effects of the following mash pastars:

» saccharification rest temperature: This is the first factor that comes to mind for
all grain brewers. For a single step saccharificatest, the mash temperature has
a great effect on the fermentability of the resgjtiwort. The lower the
temperature (within a given range of course) tmgéo the beta-amylase will be
able to work and produce maltose.

* time: Along with temperature this is one of the moreartant parameters in
mashing. It determines how much time the enzymdshave to work on the
mash.

* mash pH: the beta and alpha amylase enzymes have diffegimhal pH ranges
and therefore the mash pH can effect the actiatgiice between these enzymes.

* grind: larger grits of endosperm make it harder for thash water to fully
hydrate them and make the starches accessible enttymes. As a result lots of
starch is released later when the beta amylasatadtas already diminished. The
result of a coarser grind is a lower limit of attation.

* water to grist ratio: the enzymatic activity of the amylases is effdcby the
thickness of the mash. Thinner mashes enhance Hiosa production and
therefore increase the fermentability.

» grain bill composition (base malt): mashes with high diastatic power (Pilsner,
Pale) will produce more fermentable worts sinceytbentain a lager amount of
beta-amylase which can produce more maltose comhgarenashes with lower
diastatic power (Munich or large amounts of unnthtjeains) assuming the same
saccharification rest temperature.



Materials and Methods

All experiments were conducted at a relatively $rsahle with
minimal overhead. The strike water was heated emtiicro wave.
The time spent in the micro wave was noted for eageriment
and provided guidance for future experiments. Atarumber of
experiments it was possible to come close to aetksnash temp
by estimating the necessary heating time. The wais then
added to a small steel thermos bottle where it lefhidor about 5
min to settle and if necessary adjustments wereerbgcheating it
some more or removing the top to let it cool quicke Styrofoam
stopper was fitted for the bottle which also hetdagcohol filled
thermometer. The tip of the thermometer reachea itite
water/mash and it was possible to read its temperatithout
opening the bottle. The settled temperature wasrded and the
milled grain was sired into the water. 5 min irtte mash the mash
temperature was recorded. It was also recorded iBOinto the
mash. Then the mash was stirred and its temperatgoeded 5
min later. The last time the temperature was rembngdas at the
end of the mash.

Figuré 1- The-samples
Once the 60 min mash was complete a sample of tre was were mashed in a

tested for starch conversion with iodine on chdlkis was not Etaiflﬂess steel thermos
ottle

done for all mashes because sometime | simply fojoe mash

was then lautered through a strainer set ov
a pot. In all cases it took less than 2 min t
bring the first runnings to a boil. In the
meantime sparge water was heated in t
microwave and the grain was well mixeg
with the water before it was lautered agai
through the strainer. This sparging

B
technique resembled a batch sparge. _-

Afte.r the wort was boiled for 15 min it WaStigyre 2 - The mashained btchparge
strained though a paper towel set in @yle though a wire strainer

funnel. The funnel was placed into a clean

12 oz bottle. Initial experiments sanitized thetlestand the funnel in boiling water. But
that became to cumbersome and due to the highimgtatate used the effect, that
infections could have on the attenuation measuremeas deemed insignificant. As a
result the bottles were only cleaned and somewdratized in the dishwasher. The wort
in the bottle was then topped of with reverse ossnoater when necessary to reach the
same amount of final wort volume for all experingenhitial experiments didn't care
about the precise amount of wort in the bottlecasylas there would be enough for 2
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hydrometer readings, but later it was decided tepkthe volume the same to get a
measure of the efficiency along with the attenuatio

After capping the bottle with aluminum foil, the
wort was left to cool at room temperature. Onc
cooled the original extract was measured with
hydrometer (range O - 40 Plato) and then pitché
with 1/2 teaspoon of Fleischman instant bread yeaz
and later experiments used Shaw's brand inste
bread yeast. Dry bread yeast was chosen for its ¢
cost and its consistency. In previous fast fermeg
tests, where it fermented along side other ye#stsg
has been determined that it attenuates similar
other ale yeasts. :
Figure 3 - The wort was then boiled for
The samples were fermented at about 20 C (70 F) ™M over medium heat

for 4-6 days. They were occasionally shaken to eahe yeast.
After the 4-6 days of fermentation the yeast sthrtesettle and no
visible signs of fermentation were left. The firettract (=final |
gravity) of the sample was measured with a morecigee
hydrometer (range 0.990 - 1.020). Both hydrometessre

calibrated with various sugar solutions (20, 102.5,and 0 Plato)
and the readings were also corrected for temperatur

Time experiments

For the time experiments, the following parameterse kept
constant:

« grain type: Weyermann Pilsner Malt Figure 4 - After the
. . iaht: 70 boil was complete, the
grain weignt. /Ug hot wort was filtered

» mill gap spacing: 0.55 mm through a paper towel
e reverse osmosis water and no pH adjustment of tghm setin a funnel
The resulting mash pH was measured as 5.4
» strike water volume: 240 ml|
* mash starting temperature: 67 C and 72 C
* sparge water volume: 250 ml
» lauter efficiency was estimated to be about 90%
* Dboil time: 15 min

This series of experiments was actually done last,it best illustrates how different
temperatures effect mashing and as a result its idapresented first. To reduce the
temperature drop during mashing, the thermos betds wrapped in sheets of foam
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generally used for packaging. But despite theswtsfa temperature drop of ~ 3C/hr was
still observed.

Temperature experiments

For the temperature experiments, the following pexi@rs were kept
constant:

» grain type: Weyermann Bohemian Pilsner Malt

» grain weight: 80g

* mill gap spacing: 0.55 mm

* reverse osmosis water and no pH adjustment of gshnThe
resulting mash pH was measured as 5.4

» strike water volume: 240 ml

* mash time: 60 min

* sparge water volume: 250 ml

» lauter efficiency was estimated to be about 90%

* Dboil time: 15 min

Figure 5
Fermentation of
the sample with
bread yeast

pH experiments

For the pH series experiments, the following patansevere kept constant:

* grain type: Weyermann Bohemian Pilsner Malt
» grain weight: 70g

* mill gap spacing: 0.55 mm

* reverse 0osmosis water

» strike water volume: 240 ml

» starting mash temperature: 73 -74.2 C

* mash time: 60 min

* sparge water volume: 250 ml

» lauter efficiency was estimated to be about 90%
* Dboil time: 15 min

» final wort volume: 15 min

The mash pH was adjusted with either white distiNenegar (5% acetic acid) or baking
soda (5% w/w NaHCgsolution) which was added by volume with a smatirgye.

The pH of the samples was measured at the enc ohéish. Because the probe of the pH
meter is getting old and its calibration functioasm't working anymore, the correction of
the measured value was done externally by meastivengample, a 4.01 reference buffer
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and a 7.01 reference buffer. The following equath@s used to determine the actual pH
of the sample:

PH caing = PH 401 butrer

PH 701 buer = PH 401 puter

e 2
pH corrected — 4+3

In addition to that, the samples were also testgd #®MD's colorpHast strips, which
were read against the color scale in tungsten.ligletading them in fluorescent light
actually changes their color. All samples were edoto room temperature before
measuring their pH. The pH meter that was usedMilavaukee pH53".

Mill gap experiments
For the Mill gap experiments, the following paraerstwere kept constant:

e grain type: Weyermann Bohemian Pilsner Malt

* grain weight: 70g

* mash average temperature: 68 C

* reverse osmosis water and no pH adjustment of ghnThe resulting mash pH
was measured as 5.4

» strike water volume: 240 ml

* mash time: 60 min

» sparge water volume: 250 mi

» lauter efficiency was estimated to be about 90%

* boil time: 15 min

The grain was milled with an adjustable 2 rolletl f®chmidling Maltmill). The gap of
that mill was measured with a feeler gauge witkestrmated precision of +/- 0.02 mm.

Mash thickness experiments

For the mash thickness experiments the followingupeters were kept constant

» grain type: Weyermann Bohemian Pilsner Malt

e grain weight: 70g (for the 2.57l/kg and 5 I/kg ssji and 120g (for the second
2.57 l/kg series)

* mill gap spacing: 0.55 mm

* reverse osmosis water and no pH adjustment of gehnThe resulting mash pH
was measured as 5.4

» the total amount of water used was 5.6 I/kg forealperiments. (70g grist used a
total of 390ml and 120g grist used 670ml water)



» lauter efficiency was estimated to be about 80%
* mash time: 60 min
* boil time: 15 min

The strike water was calculated to reach a mastkribss of 2.57 I/kg and 5 I/kg

respectively. Because of the larger temperature that was encountered for the 2.57
I’kg mash with only 70g of malt, another seriestf@at mash thickness was recorded with
more malt and strike water to keep the actual madhme and temperature drop the
same between the two series. After mashing additwater was added to adjust the total
water use to 5.6 I/kg. In order to keep the laetéciency the same for all these mashed
this series of experiment was lautered using thepawge method in which all the malt
and water were combined before the mash was stkahmgh a strainer into the pot

used for boiling.

Malt type experiments

For the malt type experiments the following pararetvere kept constant

* grain weight: 70g

* mash average temperature: 70 C

* mill gap spacing: 0.55 mm

* reverse osmosis water with treatment as necessarigeép the pH values
comparable

» strike water volume: 240 ml

* mash time: 60 min

» sparge water volume: 250 mi

» lauter efficiency was estimated to be about 90%

* boil time: 15 min

Since the color of the malt has an effect on thehnaH, one mash w/o adjusting the pH
was done and based on the resulting mash pH tke stater was treated with vinegar or
NaHCG; solution such that the mash pH of the 2nd masHdvoei close to 5.3-5.5.

Calcium content experiments

For the Calcium content experiments the followiaggmeters were kept constant

* grain weight: 70g

» grain type: Weyermann Pilsner

* mash average temperature: 69 C
* mill gap spacing: 0.55 mm

» strike water volume: 240 ml



mash time: 60 min

sparge water volume: 250 ml

lauter efficiency was estimated to be about 90%
boil time: 15 min

To create mash water with varying levels of calcioms but constant residual alkalinity
(which would change the pH of the mash) 1.05g oaicchloride and 1.00g chalk were
added to 2l distilled water. This resulted in watgth ~343 mg/l (ppm) Ca and a residual
alkalinity of 0. To create strike water with difeet Ca concentrations, the treated water
was blended with distilled water at varying ratd8ut In order to keep the Ca
concentration in the final wort the same, the spangiter was blended by using the
reverse ratio. E.g. if an experiment used 20% 348 @a water and 80% distilled water,
the sparge water would consist of 80% 343 mg/l @eewand 20% distilled water. Since
the chalk does not readily dissolve in water, tieated water was shaken before use to
evenly suspend the chalk in the water.



Results and Discussion
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Figure 6 - The mash time dependency of the limiatdnuation and brewhouse efficiency shown for 2
different mash rest starting temperatures

When the relationship between mash time, fermelittalflimit of attenuation) and

extract efficiency was examined, 2 trends were fesk The lower of the two mash
temperatures (67C / 152F) resulted in a sloweiainiticrease in extraction efficiency and
fermentability compared to the higher mash tempeea72C / 162F). This is explained
by a lower activity of both the alpha and the bataylase enzymes at the lower



temperature. And in the long run the mash withltvger mash temperature was able to
create a more fermentable wort. This is a resulbefgreater stability of the beta amylase
enzymes at the lower temperature. While they ateliy not as active as in the higher

temperature mash, they are active for a longer tame can therefore produce more
maltose which increases the fermentability.

mash 67T C/153F T2C /162F
) ] time starting starting
At temperatures at which the denaturation of th temperature | temperature
beta amylase dominates (70C/160F and abov
the beta amylase becomes more of a "sprinte
It is able to create maltose at a higher rate due _ .
. . 15 min
the higher temperature which speeds up tf
reaction, but it denatures much quicker at th )
higher temperatures and as a result is not able
"cover as much ground" as it is able to at lowe
temperatures. Q
30 min

The higher temperature mash outperforme |
when it comes to extraction efficiency. This is
result of the stronger alpha amylase activity an
possibly better gelatinization of the starches
Alpha amylase is the main enzyme fo
converting starch into water soluble glucos:
chains.

GO min

Unfortunately the temperature drop of the mas
during the experiments was substantial ( ~
C/hr, see Figure 8) which means that the be | 0min
amylase suffered less damage than it wou ‘ i |
have if the temperature for the 72 C mas
would have remained at that temperature for
longer time. This can be seen in the continue
increase of fermentability. While this could alsc Sl Lo
be a result of alpha amylase activity it is '3
assumed to be the result of lingering bet
amylase activity. While alpha amylase is able t
produce fermentable sugars as well it is not VeRjgure 7 - The iodine reactions of the mash
effective at it. The effects of the increasedlquid as they were recorded after the mash
denaturation of beta amylase can be seen in ttfge was over. The iodine reaction was
steep rise of the fermentability that quickly fa||§“et<”‘swe9I by d;oprf’”l"? a gfog do_f masg "q“'ﬁ[
behind the fermentabi_lity curve for the 67(?]%%%:‘52:33;0 challc.and adding a drop o
mash temperature. This temperature dependent

denaturation rate of the beta amylase is the madtof in the mash rest temperature

dependence of the limit of attenuation.




Another observation (Figure 7) that was made is ttea hotter mash was able to reduce
the iodine reaction (indication for free starchthie mash liquid) quicker than the mash at

67 C. This is another result of the increased afphglase activity in the mash done at 72
C.
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Figure 8 - Temperature profile for the various nessklone in this series of experiments. The average
temperature drop was about 3 C per hour
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Figure 9 - The mash profile for the different mastibat were done for determining the attenuation
dependency on the mash temperature

The next series of experiments discussed here aealuthe effect of the mash

temperature on the attenuation. Unfortunately timallsmashing vessel that was used
(stainless steel thermos bottle) and the stirrin@@ min caused a significant mash
temperature loss. Because of that, the average reagierature was used as the x-axis in



Figures 10 and 11. The approximate mash profilesallothe sample mashes that were
done are shown in Figure 9. Dough-in happenedna¢ ©® and the mash was quickly
lautered after 60 min. The average mash temperdtopewas 4C (8F). The wort pH was
measured at 5.5 (at room temperature)
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Figure 10 - The attenuation, and estimated effyjeinr the mash temperature experiment

Figure 10 shows the limit of attenuation numberat tvere measured for the various
mash experiments in this series. Two things werprsing. First, all data points track
along a curve very nicely and there is not muclietBhce between points at similar
temperatures. This is an indication for the higbeggability and low statistical error of
this experiment. Second, the curve matches thedfa points that are listed in one of
the literature references [Narziss 2005] fairlyselly.

Another remarkable observation is the almost p#yfdmear shape of the attenuation
slope after its peak. The linear function that besn fitted to match the data points has a
slope of ~ 4 %/C. This means that increasing thg&rature by one degree Celsius (1.8
F) will lower the limit of attenuation by 4%. Thvgas found to be true over a fairly wide
temperature range (12 C / 24 F). However, the diepding up to the peak of attenuation



is not as steep. This is assumed to be a resudtronger beta amylase activity which

causes the production of maltose as soon as stgiehinizes and alpha amylase is
breaking down the amylose and amylopectin molecul@sshorter dextrines. Literature

sources that show data for the fermentability ofld infusion mashes at various rest
temperatures don't show such a linear relationsagb the peak of fermentability [Briggs,

2004]. It is assumed that the different shape ef tdfmperature vs. attenuation curve
shown in this experiment is effected by the relfiMarge temperature drop over the rest
time.

In addition to the attenuation, an iodine test balk was performed at the end of the
mash and the beginning of the boil. The resultsleaseen at the top of Figure 10. Note
the mahogany color, witch is an indication of erigtdextrines. This was expected to be
seen for samples with a low limit of attenuatiomnt leven sample number 10, which
achieved 87%, shows a significant mahogany iodeection. More iodine tests for
samples past the attenuation peak need to be addmafirm a trend. Surprisingly little
of the iodine reaction carried over into the boike though care was taken to heat to
wort quickly to minimize the time spend in a tengiare range that favors the alpha
amylase activity (68 - 78 C/ 155 - 172 F). Notet ttiés quick heating is not realistic in
brewing practice where even without performing asimaut, the collected wort spends
some time in this range while it is heated to Ingili
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Figure 11 - The expected limit for the final extra¢ a beer brewed from a 12 Plato (1.048 SG) wort
relation to the mash temperature

Later experiments (number 12 and up) were doreeway that allows for a comparison
of the brewhouse vyield by recording the post boilume. Because the lauter efficiency
can be assumed to be the same for all experimalhtagshes were lautered batch sparge
style with 1 sparge), the differences in brewhoys#d (also known as brewhouse
efficiency) must be largely due to changes in threversion efficiency (a measure of how
well the mash converted the starches availableargtist). From the few data points that



exist so far it is evident that lower temperaturasim rests lead to a lower mash
efficiency. Which is expected since not as manychkes have gelatinized yet and the
alpha amylase, which is the major enzyme respandin liquefying starches, is less
active. Note that all experiments were done as &0 mmashes and that the lower
efficiency at the lower mash temps can be accoueteldy mashing for a longer time.

Figure 11 shows another twist on representing ttemaation data. For this chart, all the
brewed worts were assumed to have an extract dootel? Plato (equivalent to 1.048
SG). Instead of showing the limit of attenuatidre attenuation was used to calculate the
lower limit of the final extract (=gravity) of thbeer. This is the extract reading you
would expect to get from a fast ferment test oerywvell attenuating yeast which left the
beer with very little or no fermentable extract.

pH

pH meter vs. colorpHast strips

Table-1 lists number pH correction pH (meter) pH (strip)
the pH 26 & ml vinegar 4 .56 4.4
corrections 26 4 ml win edar 4 82 47
that were done 25 2 mlwinegar 499 47
to the mashes 24 1 ml winegar 522 47
and the pH 19 none 544 53
that was 73 none 5 47 485
g“eafl*refnévtg? 20 2 ml NaHCO3 5.76 55
andp the pH 21 4 ml NaHCZO3 614 58
determined 22 g ml NaHCO3 6 54 61
with 27 8 ml MaHCO3 6 44 6.25
colorpHast Table-1 pH adjustments and the measured pH values

strips. The

first column lists the experiment number and theosd column the amount of acid or

baking soda solution that was added. It is intergsto see that the pH meter

measurements for experiments 19 and 23, whichrectived no pH treatment, are fairly

close while the strips must have been interprettdrently between the 2 experiments.

Another remarkable observation are experiment224nd 26, which received different

amounts of acid, caused different pH meter readibgsall read 4.7 on the color scale

for the pH strips. The next section will show tBabf these 3 samples (25 and 26) show
very different limit of attenuation values whichais to the conclusion that there was
indeed a pH difference between the two.



Figure 12 shows a
plot of the
colorpHast reading
vs. the corrected pH
meter value. The
error was at most
0.5 (sample 24),
which is significant
enough to matter in
brewing, but it
happened at a pH
level which is

pH Meter vs. colorpHast strips

B nH (strip)
— linear

valure read from strips

generally not

achieved in 4 45 5 55 B 65 7

mashing. nH Meter value
Figure 12 - A plot of the colorpHast reading vee ttorrected value from the
pH meter

Mash results

The mashing experiments for the pH series wereopadd with a single infusion mash
that started at or around 73.5 C (164 F). This tmatpre is well on the slope that was
determined earlier in the temperature series ofeewpents. The results of the pH
experiments are shown in Figure 13.

The first observation was that the optimum for lihet of
attenuation (fermentability) seems to be between5pH
and 5.6. This matches the pH range that was giwethé
beta amylase enzyme in Narziss [Narziss 2005]dtit@n
to that the shape of the curve matches the attiemudata ) 2 iy
that Narziss lists for a few pH values. But he gave .
information about the mash temp, mash thicknessugh -
~ 4 |/kg is likely) or other parameters that careeffthe
limit of attenuation. Because of that it can beuassd that
all pH values given in that book were measuredoatr
temp.

Outside of the 5.4 - 5.6 range the limit of attdiara
declines. The slope of decline is steeper towaodeet
mqsh pH and a little less steep tpwards higher np&kh Wort colors after & 15 min boil
This might k_)e_ the result of a different _decllne léta ., experiments 23 (pH 5.5) and
amylase activity. Number 26 is an outlier, but da® 22 (pH 6.5). The darker color of
explained by being mashed at a lower than averagghmthe higher pH wort s
temp. Though the temperature series showed aruatten remarkable. It is a result of the
decline of 4% for every degree Celsius, it is unkndf Sr:roﬂ_gehr mﬂ”ard reactions  at
this relationship also exists for low mash pH ctinds. the higher pH.

Figure 14 - A comparison of the



The brewhouse yield (also known as brewhouse effoy) also shows a dependency on
the mash pH. This is not new as many home brewepsrr an increase in their
brewhouse yield once they correct the mash pH tm lthe optimal range for mashing.
The optimum for the brewhouse yield seems to be agii of 5.2-5.3, which is a little
lower than the optimum for the fermentability. Timsght be the result of better alpha
amylase activity in that range, although Narzigeorts the alpha amylase pH optimum as
being between 5.6 and 5.8 [Narziss 2005]. At thieeexe end of the pH range that was
tested are 2 outliers for brewhouse efficiency. éfxpent 28 was done close to a pH of
4.5 and its brewhouse efficiency was greater tharefficiency for the experiment done
at 4.8 pH. The same is true for experiment 22 viugn that experiment was repeated as
27, the resulting brewhouse efficiency followed #stablished trend. It is assumed that
the measurements were incorrect rather than beiegpected peaks of efficiency.
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Figure 13 - iodine reaction, limit of attenuatiomabrew house yield as a function of the mash pH

The iodine reaction at the end of the mash followexltrend that was already seen for
the limit of attenuation and the brewhouse vyielthe Tleast reaction remained in the
optimum mash range of 5.2 - 5.6 while at the exéeno either side native starch was



— —

mash  boil

still present in the mash liquid after a 60 min m§surple color
of the iodine test). Unfortunately no iodine tessults are
available for either of the two experiments thadndi receive
any mash pH treatment. For experiment 28 (mash .pH) 4he
boiled wort was tested in addition to the mash staich was
still present. This shows that a pH well below 8&es not
provide sufficient enzymatic activity to converetimash. As a .

. . Figure 15 - For experiment
res_ult of that t_he aftenuation and brewhouse ym.ltfe_r and g (mash pH 4.55) the wort
native starch will be present in the wort and sghsetly in the 5t the end of the mash and
beer. the beginning of the boil

was tested for starch and
Having a lower brewhouse yield and stronger iodieaction Poth tested positive
also contradicts the pH and temperature ranges rsiowthe alpha amylase in John
Palmer's "How To Brew" [Palmer 2006]. There itsteown that the alpha amylase is
active well towards 4.5 pH and below.

Mill gap spacing

Figure 16 shows the
results of the mill BG 3 ”
gap spacing series 800
of experiments. The
limit of attenuation
shows little
dependency on the
tightness of the
grind. This seems to

indicate that either e

only little new . ERom regosson v i

starch is released )

from the coarser 03 04 05 06 07 08 08 :

grind during mill gap spacing (mm an lower scale and mil on upper sale)

mashing or that the Figure 16 - limit of attenuation and brewhouse giat a function of the mill
beta amylase shows gap spacing.

activity throughout the duration of the mash. Givleat the mash temperature was 68 C,
similar to one of the temperatures in the mash taxpeeriment it is assumed that the
relatively small change of attenuation is a comtiamaof both.
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The brewhouse yield shows more dependency on ghénass of the crush. The tighter
the crush, the higher the brewhouse vyield. Butifference between a 0.35 mm (13 mil)
crush and a 0.95 mm (37 mil) crush was only abdi#.1Reports of significantly

increased brewhouse efficiencies by home brewées adljusting the mills to crush more
tightly led me to expect a larger difference. Bomng of the default malt mill settings for



home brewers and home brew stores are also gteate0.9mm (37 mil) which was not
taken into account when the decision was made kp @raluate the mill gap spacing
between 0.35 and 0.95 mm. The brewhouse yield digpee on the mill gap spacing can
be explained by the larger amount of flour and &najrits that are produced with a tight
crush. These make it easier for the mash watecdess the starches which is necessary
for the enzymes to convert them into soluble caydodites (i.e. dextrines and sugars).

The literature reports that a finer grist resufishigher levels of fermentability. This
behavior was not confirmed in this experiment buég the higher conversion efficiency
that is achieved with the finer grist and the ey unchanged fermentability it can be
said that the finer grist produces more fermentakiteact compared to a coarser grist. If
this was also the case for mashes that show lesgerion efficiency sensitivity towards
the mill gap spacing (e.qg. if the close to 100%wvewsion efficiency is achieved with any
mill gap spacing within a given range) such mashweaild likely show a higher
fermentability for a finer grist.

For experiment 33 (0.95 mm mill gap) a piece oingmgain
was taken from the spent grain, crushed on chalktested
with iodine (Figure 17). The result was a deep lojagrple
reaction that is an indication of the presenceative starch.
This shows where the lost efficiency is it is spilesent as
native starch in the grain. But this was also thsecfor the
spent grain from mash experiments with tighter selitings. Figure 17 - iodine test on a
For some reason the mash experiments don't achieve piece of spent grain from
level of conversion efficiency which | commonly seefull ~ €xperiment 33 (0.95 mm)
size 60 min single infusion mashes. An indicatidrihat is  (ircled in red)

already present in the iodine tests which oftengirsleowed a residual reaction after 60
min, something | don't see in full sized mashebkeeit One reason for that could be
temperature loss and lower level of agitation fisily) that happens for the experimental
micro mashes.

Mash thickness

The results for mash thickness were somewhat simgriContrary to common believe
no attenuation difference was seen between a thah (2.57 I/kg or 1.21 gt/lb) and a
thin mash (5 I/kg or 2.37 qt/lb). Home brewingd#tire suggests that thin mashes lead to
more fermentable worts, but technical brewing dtere suggests that the mash
concentration doesn't have much effect in well medimalts [Narziss, 2005]. Briggs
cites data that doesn't show a change in fermdityakthen the mash thickness is
changed [Briggs, 2004]. This was confirmed by thegperiments where all the data
points were on the same curve that had already betablished in the temperature
experiment.



Note that the experiments for the 2.57 I/kg mashewn twice because the initial
experiment resulted in a small mash volume thdt3odegree Celsius over the duration
of the mash. To keep the temperature drop betweemxtperiments the same the mash
volume was increased and the result was a 2 degeésus temperature drop which
matched the temperature drop for the 5 I/kg mash.iB the end that didn't make a
difference.

limit of attenuation
A significant difference
was however found in the & v%e ¢
efficiency. The brewhouse
efficiency of the thick
mashes remained almost
constant between 58 and
60% over the temperature
range of the experiments,
but the brewhouse =
eﬁ:ICIenCy fOI’ the thlnner 65 BB &7 5] ] 70 71 72 73 74 75
mash showed a strong werage mash eme ()
dependency on the efficiency
temperature and was ™
always better than the = *
efficiency of the thick
mash. That leads to the
conclusion that thinner
mashes perform better and
allow for better extraction
of the grain. Briggs also
reports that thinner mashes =
can convert more starch but
that mOSt Of the conversion ” 65 66 B7 63 B9 70 71 72 73 74 75
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water t,o grist ratio of 2.5 Figure 18 - the effect of mash thickness on attéoanand efficiency
I/kg [Briggs, 2004]

Malt type

Different malts, especially malts kilned at diffetetemperatures provide different
amounts of enzymes to the mash. This change innesiay strength leads to differences
in the limit of attenuation and extraction effictgn

Figure 19 shows the attenuation results for 2 difie pH values for each malt. There is
not much difference between the light Munich (Weyann Munich I) and the Pilsner
malt. But the dark Munich malt shows a significdrmp in the limit of attenuation when
mashed at about the same rest temperature. Thiesult of lower beta amylase activity



due to the significantly reduced beta (and to sextend also alpha) amylase amount.
Note that the Dark Munich experiment with the lotvatenuation was also mashed at a
rest temperature that was about 2C higher thaavheage for the other malts at this pH.
If we assume that there is a 4%/C drop of atteooafas shown for the temperature
series) the limit of attenuation at a comparablsmrast should

have been a little higher (about 63%).
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achieved with 3 different malts at a mash tempeeatu
|Figure 19 - The limit of attenuation of mashes of 69C

with 3 different malts at a mash temperature of

69C

The brewhouse efficiency (Figure 20) was not aengfly effected even though the
higher kilned malts showed slightly lower brewhousfficiency. This is somewhat
surprising as recent full size (5 gal batch sizeshes with the Best Malz Dark Munich
showed a much slower conversion than mashes thétinaall or larger amounts of low
kilned malts.

Calcium

As mentioned earlier, none of the mashes so farbe®n able to get to a level of
conversion efficiency where 100% of the starchim grist is converted to soluble extract
(mainly dextrins and sugars). This rarely happentheé full size brewing batches (5 gal)
even if they are single infusion mashes. One diffee between the micro and the full
size mashes is that water that is used. The miaghes used reverse osmosis water with
an approximate dissolved solid content of 30-50!I ifsgdpm) while the full size mashed
use reverse osmosis water and brewing salts. Basdithis it was suspected that the
mineral composition of the water has more impaentsimply though the residual
alkalinity and subsequently the mash pH.



One ion of particular &
interest is Calcium. Briggs
notes that calcium

stabilizes the alpha amylase ¢ , ® i o= |
[Briggs, 2004]. But since = a
alpha amylase is still fairly £ s
stable at common ~ &
saccharification rest 81
temperatures (below 70C / & - _
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calcium content of the
mash has no impact on the fermentability.

calcium content of the mash water (mgA or ppm )

A slightly stronger effect was seen for the effimg. Here an almost 3% span was
observed but since this is based on only a few knpat didn't match in their mash pH
either the result may easily be called conclusilthoagh the trend, the higher the
calcium content the better the efficiency, matdhesexpectations.

Conclusion

Attenuation and efficiency of the mash are effedigdmany mash parameters. Some
have more impact others have less. When usinggiesimfusion mash, temperature and
time are the best parameters that a brewer can wottk to target a specific
fermentability of the wort. The time should be loegough to allow for complete
conversion of the mash or at least a wort that m@ibesntain any starch (negative starch
test). This might be achieved after 15-30 min, &ubnger mash rest may be needed to
achieve the desired fermentability. The mash pHukhalways be controlled and kept
between 5.4 and 5.7 when measured at room temper@&u05 - 5.35 when measured at



mash temperature). This pH control can be doneugtrahe brew water design (residual
alkalinity) and/or acid/salt addition to the mash.

Brewers that don't mill their own grain will not béle to effect the tightness of the crush
and will have to accept lower conversion effici@scor ensure that the mash has enough
time and "strength” to achieve an acceptable caierof the starches. If the mill gap
spacing can be controlled the conversion efficieoay be improved through a tighter
crush. But at some point the crush might be tat tigha reasonable run-off speed.

The thickness of the mash doesn't seem to effectetmentability of the wort that is

produced but thinner mashes can significantly imerthe conversion efficiency. As a
result brewers who see low efficiency from theirstmag may try to use a thinner mash
(3-4 I/kg or 1.5 - 2 gt/Ib) as they were shown émeert more starches.

When working with large amounts of highly kilned lilsaattenuation and efficiency
problems can arise due to the lower diastatic pdemzymatic strength) of these malts.
This can be counteracted by lower mash temperatddonger mashes or the addition of
diastatic stronger malt to the grist (e.g. 10-20%ae/Pilsner malt)

While the water composition may also have an immactattenuation and efficiency
besides the change in mash pH through the resalkalinity, its impact is considered
small and secondary.

Appendix

Tables

Time series

number start temp | mash time |attenuation | efficiency

56 BE.7 15 7773 4991
57 alaR 30 81.4 B0.25
55 56,7 ] §4.07 56.65
54 56, 7 260 §9.62 53.56
B0 B6.7 80 87.71 B0.26
B1 B6.7 1] 8a.77 56.06
B2 721 15 78.98 55.25
B3 721 30 79.29 B5.41
B4 716 7 75,43 5481
B4 720 45 50.75 55.65
B 71.0 283 56.69 71.35
B 71.9 1] §3.4 B3.27
B 716 S0 §3.57 B5.03




Temperature series

number starting temp | endtemp | averagetemp | OE (plato} | AE (plato) | attenuation (%) | efficiency (%)
2 705 BAE 705 13.1 26 a2
5 76.8 732 749 135 5.0 G165
7 71.0 5.0 53.3 14.0 21 332
3 G7 .2 B4.5 F59 11.8 1.3 &8
9 E7.3 Bd.4 F59 11.2 na 0B
10 BG.3 BO.& B33 1.7 1.1 a7
11 53.4 50.5 519 10.2 1.2 338
12 615 58.0 09 13.0 24 792 536
13 767 732 747 15.4 A0 B15 B39
14 a9 768 785 16.7 a9 44 4 3.7
15 732 £9.1 71.0 16.5 3.8 74.4 25
pH series
number starting temp [ end temp pH {meter) OE {Plato) | AE (Plato} | attenuation efficiency
19 730 59.5 0.4 136 35 732 G389
20 732 70.0 58 135 37 725 G35
21 731 B9.4 6.1 132 45 A3 B2.1
22 735 705 6.5 14.1 215 /2 5
23 742 59.9 2.5 14.2 358 735 672
24 724 705 52 14.3 40 723 B7.7
25 740 705 5.0 1538 a0 B35 B5.1
26 721 53.9 48 137 45 (5 os] Bl G
27 727 /00 6.4 132 49 29 B20
25 727 B9.6 456 140 549 578 B5.1

mill gap series

number | mill gap | brewhouse yield | limit of attenuation | average mash temp
30 0.55 64.4 86.0 B7.4
31 0.45 B5.7 81.6 G5.3
32 0.35 720 §2.2 65.0
33 0.95 61.5 51.9 G65.6
34 0.75 63.1 83.3 55.0
35 0.65 65,4 83.1 55.4
36 0.85 B3.5 51.4 55.3

mash thickness series




temp drop
number mash thickness |average mash temp [limit of attenuation | efficiency | during mash
37 256 66.0 g5.9 592 3.3
35 256 B5.6 §2.0 G0.0 48
39 256 719 /6.6 59.8 46
40 5.0 69.4 g0.2 63,1 1.7
41 5.0 66.3 85.3 61.1 22
42 5.0 673 85.4 65.9 1.6
43 2b 742 55.3 58.3 36
44 2b 656 84.9 57.5 1.9
45 2b 709 771 597 23
malt type series
number malt type average temp | water adjustment | pH | brewhouse efficiency | limit of attenuation
47 Weyermann Pilsner 68.6 2ml vinegar 5.29 81 83
43 Weyermann Munich | 69.0 0 5.28 61 80
50 Best Malz Dark Munich 70.8 0 533 58 B5
46 Weyermann Pilsner 69.6 0 5.73 64 85
49 Weyermann Munich | 69.2 2 ml NaHCO3 5.51 62 80
51 Best Malz Dark Munich 69.5 2 ml NaHC Q3 5.76 58 72
Calcium series
number calcium pH average temp | attenuation | efficiency
a2 343 A b2 BY.11 84.53 B5.05
53 a 72 B5.97 o548 B2.43
54 B0.6 877 BY g85.22 B1.26
a5 137 .2 589 B5.48 85.05 BZ.36
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