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ABSTRACT

The aims of this project were to examine how pre@n barley are degraded during the beer
brewing process and if the protein content in thalfoeer product differ if the barley is sown in
different locations and with different amount ofragen in fertilization. The proteins extractalyilit
was also followed through the beer brewing procéks.beers were brewed in a pilot brewery an
were analyzed with SE-HPLC. Certain beer protemgetbeen shown to influence the beer foam
and haze formation and since consumers rely mu¢henvisual impression it is important for thg
breweries that the beer has a stable foam andzefbanation. Two albumins in beer have been
associated with beer foam formation; protein Z lpid transfer protein 1 (LTP1), while it is
proline-rich proteins which has been shown to erice the beer haze formation. The results sho

that all the polymeric proteins were degraded mtmomeric proteins during the brewing process;
in the final beer product 70 % of the proteins warall monomeric proteins and the rest was large

monomeric proteins. The unextractable proteins waresformed extractable to some extent duri
malting and mashing and the unextractable protefb# the wort after mashing were removed
during lautering. The most of the proteins wererddgd into small monomeric proteins somewhse
after the protein rest during mashing and befonaéatation. Different location and amount of
nitrogen added to the soil resulted in a signifiadifference, both in total protein content andtpio
composition in the final beer product. Since itldouot be shown which specific proteins that
differed, further research is required before amyctusions can be drawn about how the paramet
influence the beer quality.
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SVENSK SAMMANFATTNING

For nagra ar sedan startade Sveriges lantbrukssitatg(SLU) i Alnarp ett projekt
dar korn odlas pé olika platser i Skane under diikhallanden. Till exempel
varierade de kvavegivorna i jorden och mangd bekémgsmedel. Min del i
projektet var att brygga 6l pa nagra av maltkoroem att under
bryggningsprocessens gang plocka ut prover viciheda tillfallen. Provernas
proteininnehall undersoktes sedan med size-exclusgh performance liquid
chromatography (SE-HPLC) for att se hur proteindmids ner under
bryggningsprocessen och om det var nagon skillpadteininnehall i de olika dlen.
Jag undersokte aven hur extraherbarheten hos meatei forandrades under

Olbryggningsprocessen.

Olika proteiner har olika funktioner i 6l. De flashar ingen storre funktion forutom
att bidra med smak, munkénsla och textur, medaragrdteiner har visat sig vara
involverade i 6lets skum och grumlighet. Eftersoomdumenter litar mycket pa sitt
visuella intryck ar det viktigt for 6lbryggerierradt 6let inte ska vara grumligt och ha
en bra skumkvalité. Det har forskats mycket om @@ssteiner de senare aren for att
kunna fa fram ett bra kvalitetsol.

Resultaten visade att alla multimera proteinerson@tr till enklare proteiner under
bryggningsprocessen och i det fardiga Olet var 7€n®a enkla proteiner. Den storsta
delen av proteinerna brots ner till mindre proteimégon gang efter proteinrasten
under maskningen och fore fermenteringen. Vissdeaicke-extraherbara
proteinerna blev extraherbara under bryggningsjgsme resterande filtrerades bort
under lakningssteget. | det fardiga Olet fannsalihga icke-extraherbara proteiner
kvar. Statistikanalysen visade att det var en Slgmt skillnad i det fardiga olet,
bade i totalproteininnehall och proteinsammansagtrbade nar man varierade plats
och kvavegiva. Eftersom resultaten inte visar végacifika protein det & som
varierar kan man inte dra nagra slutsatser om éulida parametrarna paverkar
Olets kvalité. For att faststélla det behovs vidarskning inom d&mnen dar man

undersoker vilka specifika proteiner som varierar.
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1.0 INTRODUCTION

1.1 Project background

At the Swedish university of agricultural scien¢®8sU) in Alnarp a project started a
few years ago where barleys are grown in diffeptates in Skane and at different
conditions. For example nitrogen, soil and pesticigtre varied. My part of the
project was to brew beer of six different malteddyss. During the brewing |
collected samples from different steps which Iratealysed with size-exclusion
high performance liquid chromatography (SE-HPLC).

Since the last sample of the last brewing was eady for analysis until late April, |
evaluated already ready chromatogram from earkleH8LC-analyses in the
project. The four barleys which results | evaluatathe from two different places in
Skane; Uppakra and Fuglie (see fig 1), and thesavoples from each places had
different amount of nitrogen in fertilisation; 79 N/Ha and 110 kg N/Ha.
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Aims
* Examine how the proteins are degraded during teeibg process.
« Examine if there is any difference in the proteamposition in the different
samples taken out from the beer brewing processriipg of the location of
growth and amount of nitrogen in fertilisation.

« Examine how the proteins extractability changesnduthe brewing process.

1.2 Beer

1.2.1 Raw materials

Four raw materials are necessary for beer produatnalt, hops, yeast and water. To
receive the optimal final product, knowledge of gneperties of the raw materials is
essential (Kunze W., 1999).

Malt

Malt is a cereal grain which has been exposed &iemand thereby has started to
germinate. In beer production different malts carubed but barley is the most
common one (Briggs D.E., 1981). The reason why dfien chosen is because of its
high starch content, which in the brewing processonverted to fermentable sugars,
and also because the husk is attached to the gwamafter the milling and mashing
and can therefore form the wort filtration layeatls required later in the brewing
process (Silva F., 2007).

Hops

The hops lumulus lupulus L.) that are used in brewing are dried cones ofehsafe
hop plant. Hops contain 14 to 21 % hop resin argistthe most valuable
component in beer production. It gives the beebiiter taste, which are the hops
acids ang-acids, witha-acids giving 9 times greater bitterness tharptaeids.
When the hop is boiled, the almost insolulacids humulone, cohumulone and

adhumulone are converted to soluble s@cids; isohumulone, isocohumulone and



isoadhumulone, which are responsible for the bittste (Kunze W., 1999, Ferreira
I., 2005. The hop resins also improve foam stability aridhit the growth of

microorganisms in the wort and beer. (Kunze W.,9)99

Yeast

In beer production the yeast ferments sugar imibie to alcohol. The yeast that is
used in beer production &&ccharomyces cerevisae and there are many different
strains developed. In brewing they can be diviaed iwo groups; top and bottom
fermenting yeast. Top yeast arises to the surfaceglfermentation while the
bottom yeast sinks to the bottom. Top yeast is tizdédew ales and bottom yeast to
brew lagers (Kunze W., 1999, Hough J.S., 1982)

Water

The water that is used for brewing must be of dnglquality and it has a high
impact on the quality of the beer. Water in diffgrareas in the world is suitable for
different kinds of beer. Soft water is most suiéatdr brewing pale lagers (like
pilsner) while water with permanent hardness (hesdrthat cannot be removed by
boiling) is most suitable for pale ales and watghwess calcium sulphate and more
calcium carbonate for dark ale and dark lagergy@D.E., 1981).

1.2.2 Brewing process

Malting

Malting is the first step in the brewing processt this process does not normally
take place in the brewery. In malting the cerealrggerminates and it involves three
steps: steeping, germination and kilning. Durireeping water is added to the grains
which activate the enzymes. For pale or pilsnet thal water content reaches 42 to
44 % and in dark malt 44 to 47 %. After 4 to 6 tsoilne grains are dried and then
the germination begins (Kunze W., 1999). Duringdkemination several enzymes
are formed or activated, which later in the maslpraress are essential (Silva F.,
2008). B-glucans are broken down by en@el,4-glucanase and end®-1,3-
glucanase. End@-1,4-glucanase is already present in barley, bdo€t1,3-



glucanase is only present in malt. Becausétgkicans are gel forming and thereby
can course problems in filtration, a high conteént-glucanase and a low content of
B-glucan are desirable in malt. The starch contentehses and the sugar content
increases during the germination and the stardegsaded by-amylase ang-
amylase. There is mpamylase present in barley; it is produced duriegr@nation,
while B-amylase is already present in barley. Proteinam@®degraded during
germination. Peptidases degrade 35 — 40 % of thteips into soluble material.

After 5 to 6 days the germination is completed istife processes is inactivated by
kilning. In kilning the water is removed by passimgf air through the malt. This
stops the germination and modifications, and irdstedour and flavour compounds

are formed by Maillard reactions.

Milling

When milling, the malt is broken down into smaliergments which releases the
enzymes and makes it's easier for the enzymed tonahe malt contents. It is
important that the malt is not totally crashed; hlnek must be intact since it is used

as filter during lautering.

Mashing

During mashing the milled malt is mixed with lukewawater and then heated up
according to a mashing program. The purpose ofnghing is to solubilise
polysaccharides and proteins. Because differentreez have different optimal
temperature the mashing program is set so the taxtope is held for a while at the
enzymes optimal temperature, called different réifferent brewers have their

own specific mashing program. The first rest isffgucan restp-glucans can

cause problems during the filtration by formingeh @nd thereby increase the
viscosity of the wort. Due to this, tiffeglucan rest is very important. The
temperature optimum for endglucanase is 45 to 50 °C. Then the temperature is
increased to 50 to 55 °C and the protein rest Isedfins important that this rest is not
too long, because then the foam promoting proteihde degraded. At higher
temperatures the starch degradation takes plaeeoftimal temperature f@

amylase is 62 to 65 °C and 72 to 75 °Cdeamylase-amylase releases maltose



from the ends of the polysaccharides aramylase breaks down the starch into
smaller carbohydrates. These steps are very imgasathe starch must be degraded
into fermentable sugars; otherwise the yeast willoe able to produce any ethanol.
Finally the temperature is raised to just abové@%and the lautering begins. Since
thea-amylase is destroyed at 80 °C it is important&y $elow this temperature
during lautering (Kunze W., 1999).

Lautering

The mash is a mix of dissolved and suspended sudestaThe agueous solution is
called wort and this is separated from the ins@uygalrts (called spent grain) trough
filtration; lautering. The insoluble parts, likeethusk and seedling, is working as
filter bed. Not all extracts follow the wort; sonsestill left in the spent grain. To get
hold of these, the spent grain is washed with radew called sparging (Kunze W.,
1999). The spent grains is a large coproduct iveres and because of its high
protein content (around 20 %) scientists are tryinfind easy ways to solubilise the

proteins so they can be used in the food or feratiemt industry (Treimo J., 2008).

Wort boiling

The wort is then boiled for one to two hours andrdythis the hops are added.
During the wort boiling several processes takeglémr example all the enzymes
destroyed, the hop components are extracted amsfdraned, water evaporates, the
wort is sterilised and gets more coloured. Thegluifferenta-acids humulone,
cohumulone and adhumulone are isomerised to diffengtent with cohumulone
with the highest yield. If a more bitter beer isnted, a hop variety with a high
extent of cohumulone is optimal. An extended bgiliime and a higher pH in the

wort results in a higher isomerisation of thacids.

During the boiling Maillard reactions take placeigvhresult in darker wort. During
fermentation this colour becomes lighter, but iié darker than the wort was before

boiling.



Fermentation

Before the yeast can be added the wort is cootbeywise the yeast will not survive
the hot temperature in the wort. This is usuallsfgrened with a plate heat
exchanger and the wort is cooled down to 5 to 7Tt@& wort is then aerated (during
sterile conditions) which allows the yeast to gloyan aerobic process. The wort
can be aerated in different ways, for examples bynm or bubbling air into the
wort. When there is no air left (an anaerobic psscgtarts) the yeast stops growing
and instead starts fermenting sugars to ethanotarimbn dioxide according to the

Gay-Lussac equation (Kunze W., 1999):

CeH1206 > 2 GHsOH + 2 CQ  AG =-230 kJ

1.2.3 Proteinsin beer and barley

The proteins in beer have molecular masses beth@d® kDa (Silva F., 2008) and
most of them are modified proteins from barley viardce created during the brewing
process due to the proteolytic and chemical maatiims (Curioni A., 1995).
Hordeins are the most common protein in barleyamdstitute for 40 -50 % of total
proteins. Other proteins present in barley arek@mple albumins, glutelins,
globulins, friabilins, enzymes and chaperones. Sprateins in beer seem to have no
function, except their involvement in texture, aglomouthfeel and flavour, but
some has been associated with foam formation amdhaze. Since the consumers
rely much on their visual impression of the be@riihportant for the breweries to
achieve a stable foam and to minimize the beer faap®ation (F. Silva, 2008). A lot

of research has been performed to success with thwestasks.

Especially two albumins has been associated veén ibam formation; protein Z
and lipid transfer protein 1 (LTP1) (F.Silva, 20Q@&jsegang R., 2005, limure T.,
2008). LTP1 is foam positive through binding lipidgich are foam negative since
they replace proteins in the interface and the fdsemefore collapses as a course of

this instability (D.J Cooper, 2002). Protein Zsaas a foam promoter by interacting

10



with other proteins and foam-positive compoundsgggang R., 2005,), such as iso-
a-acids from hops (Ferreira I., 2005). Both protéiand LTP1 are homologous to
protease inhibitors and are not degraded by prgiie@nzymes during malting and
mashing, but they are modified to some extent @gasg R., 2005)

Beer haze gives consumers the impression thatetiiehas been contaminated or
that it has been stored too long. The beer hadeado interactions between
polyphenols and haze-active proteins which are éofohuring storage of the beer.
Two beer haze-active proteins are protein Z and LT®ome haze-active proteins
(protein Z for example) are proline-rich and carrdraoved from the beer by
filtrating with silicagel, which absorbs prolinech proteins (llimure T., 2009,
Robinson L., 2007).

1.3 High performance liquid chromatography

High performance liquid chromatography (HPLC) separation method that can be
used both for qualitative analysis and for quatiigeanalyses. The HPLC-apparatus
consists of an injector, a column with a mobile argtationary phase, a pump

system, a detector and a data collecting device.

When a mixture of analytes is injected to the caoluthe analytes are differently
distributed between the solid and the mobile plvased on their distribution
coefficients (ky), which results in a separation of the analytBise distribution
coefficient describes how the analyte distributesMeen two immiscible phases and
IS constant at a given temperature. For phasesiahe coefficient is given by the
expression:

Ky = concentration in phase A

concentration in phase B

11



The stationary and mobile phases are selected saitable for the analytes to be
separated. An analyte that adsorbs weakly to #tesary phase is less retarded and
reaches the detector faster then an analyte thalsisrbed stronger to the solid phase.
For the mobile phase, isocratic elution or gradedation can be used. When using
isocratic elution the composition of the mobile pd& constant during the entire
elution process, while a gradient elution is grdiguzhanged in composition during

the elution process.

It is important that the detector that is useddagyh sensitivity since there are small
guantities of analytes to detect (Wilson K., 2008)e most common detector in
combination with HPLC it the ultraviolet visible WJVIS) spectrophotometer which
reports the difference in the absorbance of lighthte analyte and the solvent. There
are different types of UV-VIS detectors; the singbhith a monochromator which
selects a narrow band of UV-VIS light which passeeugh the sample, to more
complex, for example photodiode array detector Wwihitow a range of wavelength
to be detected at the same time.

(Swadesh J., 2001)

In this experiment a size-exclusion HPLC (SE-HP@p used (also called gel
filtration). It separate molecules based on thetaoular size. The smaller molecules
can enter the pores in the column and are theedbyded. Larger molecules will not
enter the pores and are eluted first. In SE-HPIoCrettic elution is used to elute the
analytes (Wilson K., 2005).

12



2.0 METHODS AND MATERIALS

2.1 Beer brewing equipment

The experimental brewing equipment is manufactbyedankki Oy in Tampere,
Finland and consists of lauter vessel, mashingoailahg vessel, whirlpool,
fermentor and heat exchanger, see figure 2. Tisé¢ mill is a GW 200, Oy Nord
Mills Limited Ltd, Finland.

Milled .
malt vater Hops

| I A

Lauter Mashing and
vessel boiling vessel

Fermentor
-

Whirlpool

Heat exchanger

Figure 2. The brewing equipment in Helsingborg.eNdihe fermentor was not used in my brewings,

instead the beer was fermented on kegs.

2.2 Beer production

2.2.1 Milling and mashing

About 6,2 kg malted barley was crushed in the rilenty-five litres of cold water
was added to the mashing vessel and heated to B6fo@e the malt was added. The
mashing was then controlled by the pre-set magbiogram, see table I. The mash
was heated 1 °C/min.
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Table 1.

Mashing schedule.

Procedure  Temperature Time
Mashing in 40 °C 0 min
B-glucane rest 45 °C 15 min
Protein rest 52 °C 15 min
B-amylase rest 62 °C 40 min
a-amylase rest 72 °C 25 min
Mashing off 76 °C 1 min

2.2.2 Lautering
The mash, now called wort, was pumped to the largssel were it was left to settle
for 15 minutes. The wort was filtrated with a floate of 450 = 50 ml/min. After that

the wort was pumped to the boiling vessel.

2.2.3 Wort boiling

The wort was boiled for 60 minutes and three additf hops pellets were used: 11
g after 5 minutes of boiling, 9,5 g after 30 mirsutd boiling and 8 g after 55
minutes of boiling. The hops pellets were first edbwith hot wort before it was

added to the cooking vessel.

2.2.4 Clarification and cooling

After the cooking, the wort was transferred towierlpool at high speed and was
left there for 15 minutes for sedimentation. Thatweas then transferred through
the heat exchanger to the keg were the first fetatiom took place. The temperature

of the wort was between 8-14 °C after cooling.

2.2.5 Pitching and fermentation

Thirty grams of freeze dried yeast was added totdebwith sterilized water and a
sterilized magnetic spinbar and was wetted for 8@utes without shaking or

stirring. The mixture was then stirred for 30 mesiat gentle speed. The wort in the

14



keg was then aired from a tube with compressedester and then the yeast was

added. The airing continued for 10 minutes and therkeg was sealed and placed

in a fridge for two weeks with a temperature of°C2

2.2.6 Retapping

After two weeks the beer was transferred with,@another keg and then placed in

a fridge for 40 days at the temperature of -1 °@erA0 days the beer was bottle

tapped.

2.3 Sample collection

At each brewing process eight samples were takdiffatent steps at the brewing

process, see table Il.

Table II.

Sample schedule.

Sample
number

Sample

Comment

2a
2b
2c
3a
3b
3c
4a
4b
4c

\l

Malted barley
B-glucane rest
B-glucane rest
B-glucane rest
protein rest
protein rest
protein rest
Wort not diluted
Wort for cooking
Spent grain
Cooking wort

Fermentor start
Retapping
Bottle tapping

Not freeze dried
Total sample
Permeat
Retentate
Total sample
Permeat
Retentate
After 30 min filtration
At the start of cooking

After 59 minutes of cooking
After Whirlpool and cooling, before yeast
addition
After 2 weeks fementation at 12 °C
After 40 days at -1°C

15



All samples, apart from sample 1, were put in aZeg until they were totally frozen
and then freeze dried for 2 to 3 days. The sanwége then crushed and placed in

small pots and transferred to Alnarp for analysis.

2.4 SE-HPLC analysis

2.4.1 Sample preparation

Barely, malted barley and samples 2a, 3a, 3c, 40dd3 have earlier been selected
for SE-HPLC analyses by SLU.

The barley, malted barley and samples 2a — 4c h@reogenised with an IKA
WERKE A10 for 10 seconds (barley was homogenisedéoseconds). Double
samples were prepared by weighing in 16,5 (£ Opd%)n 2 eppendorf tubes of each
samples. The samples were dissolved in 1,5 mlarabuffer (0,5 % dilute
sodium dodecyl sulphate (SDS)), 0,05 M NBBjy, pH 6,9) by using Vortex Whirli
VIB2 for a few seconds. The samples were shakeh fomutes at 2 000 rpm using
IKA-VIBRAX-WXR and then centrifuged for 30 minuted 12 000 rpm using
Eppendorf Centrifuge 5415C. The supernatant wesetly transferred to HPLC-
vials. The proteins in these vials are the SDSaexable proteins.

The pellets were dissolved in 1,5 ml extractionféudnd then sonicated for 45
seconds using Sanyo Sonipep 150. The samples heareéntrifuged for 30 minutes
and the supernatant were directly transferred tbG4fAals. The proteins in these
vials are called SDS-unextractable proteins, rel@dy sonication.

2.4.2 SE-HPLC analyse

All the samples were analysed in a Waters 26901&8pa Module with a
Photodiode Array detector (996). Twenty microlitacdsample were injected and
separated in a SE-HPLC Phenomenex colon (Biosep-SE@O0 PEEK) with
isocratic flow at 0,2 ml/min (50 % acetonitrile]1G% triflouroacetic acid; 50% 4@,

0,1 %, trifluoroacetic acid).

16



The chromatograms were integrated, according tmobae, O.R., 1996, using the

integration software Millenium into four sectionghvdecreasing molecular size:

large polymeric proteins (LPP)
small polymeric proteins (SPP)
large monomeric proteins (LMP)

small monomeric proteins (SMP)

The SDS-extractable proteins are called eLPP, eSIEN?P and eSMP and the SDS-
unextractable proteins are called uLPP, uSPP, uBNPPUSMP. From these data the
percentage of large unextractable polymeric prdtethe total large polymeric

protein (%LUPP) was calculated as:

%LUPP = 100 x_rea(uLPP)
area (ULPP + eLPP)

The percentage of total unextractable polymeri¢gang in total polymeric proteins
(%TUPP) were calculated as:

%TUPP = 100 x_rea(uLPP+uSPP)
area (ULPP + uSPP + eLPP + eSPP)

The percentage of small unextractable monomeritep® in total small monomeric

proteins (%SUMP )were calculated as:

%SUMP = 100 x__ealuSMP)
area (eSMP + eSMP)

The percentage of SMP in total protein was alsoutaled for all the samples
(%SMP/TOT PR).

17



2.4.3 Satistical analyse

The difference in protein content in barley growrUippakra or Fuglie with different
amounts of nitrogen fertilizer added were analys#l two-way analysis of

variance (ANOVA) with replicates using Kyplot (veas 2.0 beta).

3.0 RESULTS AND DISCUSSION

Two chromatograms were obtained for each sampl&-&fractable proteins
(proteins soluble in SDS) (see fig 3) and SDS-uexable proteins (proteins
soluble only after sonication) (see fig 4). Theazthatograms were integrated into
four sections with decreasing molecular size: lggglgmeric proteins (LPP), small

polymeric proteins (SPP), large monomeric protéimMdP) and small monomeric
proteins (SMP).

2.00 4.00 6.00 8.00 10.00 1200 1400 1600 18.00 20.00 22.00 2400 2600 28.00 30.00
Minutes

Figur 3. Example of a chromatogram for SDS-extialetproteins. (LPP = large polymeric proteins,

SPP = small polymeric proteins, LMP = large mondmproteins, SMP = small monomeric proteins)
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Figur 4. Example of a chromatogram from SE-HPLCS®S-unextractable proteins. (LPP = large

polymeric proteins, SPP = small polymeric proteltdP = large monomeric proteins, SMP = small
monomeric proteins)

To study how the protein composition varies dutimg brewing process a diagram
with the composition of LPP, SPP, LMP and SMP ichelarewing step was

constructed, se fig 5. Since Uppakra 70 it is thig one with a complete list of
samples it was chosen for the purpose.

Uppékra 70 Protein composition

120
100
80 O SMP
L 60 OLMP
° 40 mSPP
20 ELPP
0 ] — —
@ & & & & ©
4 3 N N &
& N2 QO &
y © & g
Y < S &
2 Q;$°
&

Fig 5. The protein composition in different stepseer brewing.
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Fig 5 shows how the protein composition variesmythe brewing process, with no
respect taken to whether the proteins are extrisctalunextractable. It shows how
both LPP and SPP are broken down into LMP and S glthe brewing process.
The amounts LMP are first increasing during maltimgt after mashing these are
also broken down into SMP. When malting, the LP& &8RP are broken down into
LMP and SMP and it is likely to assume that somePLMe broken down into SMP
as well. This continues during the beginning of Inmag, but between the beta-glucan
rest and the protein rest there are very smallggmnAt the start of fermentation
there are almost no LPP or SPP left and many LMFokean broken down into SMP.
In the final beer product there are no polymermigins left, and 70 % of the
proteins are SMP. This means that somewhere aigurbtein rest and before the
start of fermentation the most of the proteinsdagraded into small monomeric
proteins, probably during the end of the mashiragm@mme or during the wort
boiling. It would be interesting to have the resdiitbm the start of wort boiling and

at the end of wort boiling samples to easier foltbe degradation of the proteins.

The SMP fraction contains the albumins, for exanhdB1 and protein Z, that are
involved in the beers foam and haze formation. BUE1 and protein Z is already
present in the barley and is not denatured duhedtewing process (though it is
modified to some extent). It is therefore to beuassd that they are present in the
SMP fraction in barley, which represents approxetyal 0% of the total protein in
barley. It can then also be presumed that the 3¥Pare formed during the malting
and brewing process are not LTP1 or protein Z.gfoeasier view how only the

amount of SMP varies during the brewing process figeb.
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Fig. 6. How %SMP/TOT PR changes during the brewiragess.

To examine if there is any difference in the pnotsdmposition in the different
samples taken out from the beer brewing processmiipg on the place of growth
and amount of nitrogen in fertilisation an ANOVA svperformed on the following
variables:

%LUPP: the percentage of large unextractable paignpeotein in the total large
polymeric protein

%TUPP: the percentage of total unextractable polypeoteins in total polymeric
proteins

%SUMP: the percentage of small unextractable monicrpeoteins in total small
monomeric proteins

TOT U: total unextractable proteins

TOT E: total extractable proteins

TOT PR: total protein

%SMP/TOT PR: the percentage of total small monoor@eteins in total proteins

The total extractable proteins (TOTE), total unastable proteins (TOTU) and total
proteins (TOTPR) were calculated by adding LPP,, 3R and SMP for
respective extractable, unextractable and totatgdetable + unextractable) proteins,
all these values, with their ANOVA results, arewhdelow in table 11I-XVI.
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Table IlI.
Calculated values fdrarley. Column to the left with location, nitrogadd and repetition. Fields

marked - represent inconclusive or non-existingdat

Location TOTE TOTU TOTPR  %SMP/
(Nitrogen:rep) %LUPP ~ %TUPP  %SUMP (x1(f) (x10') (x10P) TOT PR

Uppakra

(70:1) 25,75 26,33 19,84 1,05 2,72 1,33 14,32
Uppakra

(70:2) 28,81 28,15 20,54 1,03 2,90 1,32 14,08
Uppakra

(110:1) - - - - - - -
Uppakra

(110:2) - - - - - - -
Fuglie

(70:1) - - - - - - -
Fuglie

(70:2) - - - - - - -
Fuglie

(110:1) 34,34 33,33 21,38 1,10 3,74 1,48 12,38
Fuglie

(110:2) 33,63 31,75 19,62 1,15 3,54 1,51 12,73

Barley has not a completed list since the barleymas for Uppakra 110 and Fuglie
70 could not be found. It is unfortunate; it sholé/e been interesting to perform an

ANOVA on these results to see if it is any diffezenn the protein content.
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Table IV.
Calculated values for malted barley (1). Columthtleft with location, nitrogen add and repetition

Fields marked - represent inconclusive or non-ggsiata.

Location TOTE TOTU TOTPR  %SMP/
(nitrogen:rep) %LUPP  %TUPP  %SUMP(x1(P) (x10') (x10°) TOT PR

Uppakra
(70:1) 19,63 20,27 10,46 1,34 2,20 1,56 22,32
Uppakra

(70:2) 20,79 20,82 9,74 1,37 2,13 1,58 22,56
Uppakra

(110:1) 24,15 23,31 10,95 1,32 2,54 1,57 22,14
Uppakra

(110:2) 25,74 24,92 11,12 1,29 2,59 1,55 22,44
Fuglie

(70:1) 25,98 24,21 9,68 1,32 2,14 1,53 23,23
Fuglie

(70:2) 7,72 13,18 9,65 1,27 1,92 1,46 23,02
Fuglie

(110:1) - - - - - - -
Fuglie

(110:2) - - - - - -

Malted barley has not a completed list since theepasamples for Fuglie 110 could
not be found. As for unmalted barley, it would heeresting to perform an ANOVA
to find if there is any difference in protein camteThe low values for Fuglie 70:2
are due to an error in the chromatogram and areftite not reliable values. When
comparing Uppéakra 70 and Uppakra 110 an increa%e ldPP can be noticed as
well as a small increase in %TUPP, but no incréasetal protein. This indicates
that higher amount nitrogen added to the soil garescrease in unextractable

proteins, but not in the total protein content,faalted barley.
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Table V.

Calculated values for beta—glucan rest (2a). Coltorthe left with location, nitrogen add and

repetition.

Location TOTE TOTU TOT PR %SMP/
(nitrogen:rep) %LUPP  %TUPP  %SUMP(x1(P) (x10') (x10°) TOT PR
Uppakra

(70:1) 19,32 17,50 8,08 1,29 1,56 1,44 29,63
Uppakra

(70:2) 21,26 18,59 8,03 1,29 1,56 1,44 29,34
Uppakra

(110:1) 21,02 18,83 7,21 1,53 1,83 1,71 27,46
Uppakra

(110:2) 20,23 18,13 7,53 1,49 1,75 1,67 27,33
Fuglie

(70:1) 19,68 16,93 7,68 1,34 1,44 1,48 29,31
Fuglie

(70:2) 18,54 16,46 7,37 1,37 1,44 1,52 29,17
Fuglie

(110:1) 18,06 15,82 7,24 1,45 1,48 1,60 29,06
Fuglie

(110:2) 18,63 16,41 7,17 1,47 1,52 1,63 28,40

Table VI.

Mean square from two-way ANOVA with replicates figta-glucan rest (2a).

%SMP/
Source dF  %LUPP %TUPP %SUMP TOTE TOTU TOT PR TOTPR
2,71 x 16° 8,46 x 1,60 x 167
location  15,99* 6,90  0,242* N.S 102 N.S 0,730*
0,0925 0,0105 5,48 4,31 x 6,49 x
nitrogen 1 N.S N.S 0,505*  x10M** 10+ 10 hexx 2,23%*

Significant at * = P<0,05, ** = P<0,01, *** = P<00®, N.S = not significant

The ANOVA-results from the beta-glucan rest shdwet the two different locations
do not have a significant difference in total pnoteontent, but higher amount
nitrogen added to the soil shows a difference Wwigih significance. It has previously
been shown that more nitrogen added to the soihwgnewing wheat has resulted in
an increased protein content (Labuschagne M.T5R0his seems to agree with the
analysis for barley after the beta-glucan restsinte this could not be observed for
malted barley (and there were no values for badegvestigate) it is difficult to

draw any conclusions. The higher amount of nitrodees not seem to have any
influence on %LUPP or % TUPP after the beta-gluest though.
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The values for the beta-glucan rest shows that %,UeTUPP, %SUMP and
%SMP/TOT PR is quite unchanged when comparing ifferent places and
different added nitrogen. The total protein valtilesigh shows some difference with
different added nitrogen, both Fuglie and Uppakas & small increase in total
protein content with more nitrogen added to thé soi

Table ViII.

Calculated values for protein rest (3a). Columthtoleft with location, nitrogen add and repetition

Location TOTE TOTU TOT PR %SMP/

(nitrogen:rep) %LUPP ~ %TUPP  %SUMP(x10) (x10)  (x10P) TOT PR

Uppakra

(70:1) 18,65 16,39 7,48 1,40 1,43 1,55 28,71

Uppakra

(70:2) 18,77 16,59 7,69 1,42 1,52 1,57 28,80

Uppakra

(110:1) 28,01 25,37 10,13 1,54 2,31 1,77 19,54

Uppakra

(110:2) 29,22 26,94 10,41 1,54 2,53 1,79 19,25

Fuglie

(70:1) 22,50 20,04 6,83 1,41 1,46 1,56 30,30

Fuglie

(70:2) 27,25 22,50 6,93 1,41 1,53 1,56 30,54

Fuglie

(110:1) 23,32 21,61 6,90 1,46 1,75 1,63 29,70

Fuglie

(110:2) 23,49 21,32 6,86 1,42 1,68 1,59 30,26
Table VIII.

Mean square from two-way ANOVA with replicates foptein rest.

%SMP/
Source dF  %LUPP %TUPP %SUMP TOTE TOTU TOT PR TOT PR
0,456  0,00405 5,34 x 2,34 x 1,47 x
location 1 N.S N.S 8,38%+ 1M 10"3e 104 75,0%+*

1,20 6,78 x 3,67 x
nitrogen 1 356* 48,6  3,60%* x10"* 10!3ex* 10 hexx 48,0%**

Significant at * = P<0,05, ** = P<0,01, *** = P<00®, N.S = not significant

The ANOVA results for the wort after the proteistrahows significant differences
for almost all the data, apart from %LUPP and %TW#A different locations,
which showed a significant difference before thetg@in rest. But these values are

not to rely on because %LUPP and % TUPP for Fudli@ $eems to be to outliers.
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When study the data in table VIl one can noticedifference between the locations,
which ANOVA can not find, probably is due to thedoghlue for Fuglie 70:2.

Before the protein rest there were no significafiecence between Fuglie and
Uppakra’s total protein content, but after the piotrest there was a significant
difference (p<0,01). Notable is that the total pnotcontent increase more for

Uppakra when more nitrogen is added to the saih flor Fuglie.

Table IX
Calculated values for proteinrest retentate (@ojumn to the left with location, nitrogen add and
repetition.
Location TOTE TOTU TOT PR %SMP/
(Nitrogen:rep) %LUPP  %TUPP  %SUMP (x1(F) (x10') (x10°) TOT PR
Uppakra
(70:1) 20,81 19,46 10,06 1,48 2,12 1,69 21,21
Uppakra
(70:2) 20,07 18,66 10,13 1,40 1,92 1,59 21,83
Uppakra
(110:1) 25,48 21,54 7,01 1,52 1,77 1,69 28,49
Uppakra
(110:2) 25,88 22,32 7,64 1,49 1,96 1,69 27,75
Fuglie
(70:1) 27,74 26,24 11,34 1,32 2,37 1,55 19,94
Fuglie
(70:2) 29,87 27,89 11,16 1,32 2,48 1,57 19,84
Fuglie
(110:1) 26,32 23,58 10,86 1,43 2,23 1,65 18,92
Fuglie
(110:2) 26,32 23,30 10,70 1,44 2,18 1,65 19,29
Table X.

Mean square from two-way ANOVA with replicates foptein rest retentate.

%SMP/
Source dF %LUPP %TUPP %SUMP TOTE TOTU TOT PR TOT PR

1,87 x 2,83 x 7,00 x 10°
location 1 40,5%%  453**  10,6** 10 1013 N.S 57,4%%
0,285 7,35x16¢° 1,01 x 16*

nitrogen 13,80 N.S N.S 5,25** 163 x10%* N.S N.S 18,7***

Significant at * = P<0,05, ** = P<0,01, *** = P<008, N.S = not significant

The results for the protein rest retentate (tak)eshow some interesting data.
Uppakra shows no difference in total protein conv@men more nitrogen is added to
the soil, but an increase can though be seen f(P4BOT PR. This could not be

seen for the total sample for the protein rest. (Bajs suggests that the proportion of
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small monomeric proteins (SMP) is increasing inghaein rest retentate sample
when more nitrogen is added to the soil in Uppdkea in Fuglie), but not in the
total sample after the protein rest. One explandsdhat the nitrogen could cause
SMP to be more unextractable, and this explains atijfference can be seen in the

protein rest retentate and not in the total saraftés the protein rest.

Table XI
Calculated values for spent grain (4c¢) in the défe barleys. Column to the left with location,

nitrogen add and repetition.

Location TOTE TOTU TOT PR %SMP/

(Nitrogen:rep) %LUPP ~ %TUPP  %SUMP(x10) (x10)  (x10P) TOT PR

Uppakra

(70:1) 75,76 69,13 16,34 1,73 9,53 2,68 11,88

Uppakra

(70:2) 77,54 69,99 16,18 1,53 8,38 2,39 12,20

Uppakra

(110:1) 77,91 68,95 15,91 1,84 9,37 2,78 10,97

Uppakra

(110:2) 78,79 68,96 15,36 1,99 9,77 2,96 10,73

Fuglie

(70:1) 81,18 69,63 15,34 1,69 8,67 2,56 12.08

Fuglie

(70:2) 81,45 70,76 15,62 1,62 8,35 2,45 11,92

Fuglie

(110:1) 81,48 71,41 17,95 1,77 9,88 2,75 10,09

Fuglie

(110:2) 82,05 71,94 17,50 1,73 9,76 2,71 10,17
Table Xl

Mean square from two-way ANOVA with replicates fgent grain.

%SMP/
Source  dF %LUPP %TUPP %SUMP TOTE TOTU TOT PRTOT PR
1,14 x 16* 1,92x 16> 1,45x
location 1 32,6* 563*  0,858* N.S N.S 10" N.S 0,284*
2,31 0,382 1,85 x 1,59 x
nittogen 1 N.S N.S 1,31* 6,89 x 1H* 10 10" 4 67+

* = P<0,05, ** = P<0,01, ** = P<0,005, N.S = nagsificant

When examining the result in table XI, without tadkiany regards to the ANOVA
results, no big differences can be seen in angefésults, relatively many other
samples. Though, the ANOVA results show that tlaeeesome significant

differences, but they are not that large as haea lseen before. This suggest that
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location and amount nitrogen added to the soil@dhave a great influence on the

protein content in the spent grain.

Table XIlI

Calculated values for fermentation start for thigedént barleys. Colum to the left with location,

nitrogen add and repetition.

Location TOT PR %SMP/
(nitrogen:rep) (x10') TOT PR
Uppakra

(70:1) 8,05 68,19
Uppakra

(70:2) 7,89 69,27
Uppakra

(110:1) 8,46 69,02
Uppakra

(110:2) 8,52 68,99
Fuglie

(70:1) 7,63 69,01
Fuglie

(70:2) 7,61 68,79
Fuglie

(110:1) 8,29 69,34
Fuglie

(110:2) 8,06 69,52

Table XIV

Results from two-way ANOVA with replicates for feemtation start.

Source dF TOT PR %SMP/TOT PR
location 1 2,26 x 16** 0,179 N.S
nitrogen 1 5,74 x 16+ 0,328 N.S

* = P<0,05, ** = PLAQ, *** = P<0,005, N.S = not significant

The ANOVA results for sample “fermentation startibsvs that there is a significant

difference (p<0,01) in total protein content, bathen changing locations and

nitrogen add. No difference could be seen for %SINH/ PR, neither for location or

added nitrogen.
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Table XV

Calculated values for bottle tapping (8). Columithte left with location, nitrogen add and repetitio

Location TOT PR %SMP/TOT

(nitrogen:rep) (x1CF) PR

Uppakra

(70:1) 1,64 71,08

Uppakra

(70:2) 1,64 70,68

Uppakra

(110:1) 1,86 69,41

Uppakra

(110:2) 1,85 69,46

Fuglie

(70:1) 1,58 70,51

Fuglie

(70:2) 1,58 70,50

Fuglie

(110:1) 1,70 70,68

Fuglie

(110:2) 1,69 70,58
Table XVI

Results from two-way ANOVA with replicates for bettapping

Source dF TOT PR %SMP/TOT PR
location 1 2,50 x 1fe+ 0,342*
nitrogen 1 5,44 x 10** 0,868**

* = P<0,05, ** = PLQ, *** = P<0,005, N.S = not significant

The ANOVA results for bottle tapping shows thatréhthere are significant
differnces in both location and nitrogen in fesgt#tion (p<0,005) in total protein
content. But when the data in table XV is examimgffierences in SMP/TOT PR can
hardly be seen. The difference that ANOVA can isdo small that it is not likely
that it has an influence on the beer in realityoigger difference can be seen in total
protein content, but since there are almost nogémim SMP, which are the proteins

with known influence on the beer, this has probaigynfluence on the beer.

It would be interesting to go further with the grcj and get hold of which specific
proteins that differs with different locations aathount of nitrogen. Does it have any
impact on the beer haze active proteins or mayasn fpositive proteins? Even
though there are small changes over all for SM&yuld be big changes for one
specific protein. If it was shown that the locatenmd amount nitrogen added in the
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soil for the grown barley has an impact on protémslved with the quality of the
beer this would be important for many brewerieghbt case it would be easier for
the brewery to achieve the optimal final productthgosing a specific location for

growing barley, or to change the amount of nitrogeded to the soil.

Noteable in the results are the total protein auntethe protein rest retentate
sample. This sample is in fact quite like the sggatn in theory, only it is taken out
before the hole mashing programme is completedtasahot sparged, it is just a
retentate. But when comparing this sample withto&@ protein rest sample and with
the spent grain sample, some interesting factdeaeen. The total protein content
in Uppé&kra 70 (first repetition) protein rest samijsl 1,55 x 19area units (since no
reference was used in the measurements no quavetitetit can be presented, the
values are only compared with each other), 1,60%afea units for the protein rest
retentate sample and 2,68 * Hea units for spent grain (values from tables M
and XI). So, there is a small increase for theginotest retentate sample comparing
with the protein rest sample, and a bigger incré@asiee protein content when
comparing the protein rest retentate sample wirsgient grain. This pattern can be
seen for all the different barleys. This shows thist the sparging of the spent grain
that contribute the most to yield a good exchandautering, the retentate still
contains dissolved substances that is wanted ibgke This is why sparging is so
important in beer brewing, if there was no spargirigt of the dissolved substances

would be left in the spent grain.

Since Uppékra 70 is the only one of the four défgrbarleys with complete data, it
was chosen for the purpose to investigate the @saimgprotein composition and
changes in extractability during the brewing precd$e mean and standard
derivation was calculated for each sample and ttos) diagrams was constructed
where %LUPP, %TUPP, %SUMP and the protein compostitiere followed
throughout the brewing process, see figur 7, 8ar{és protein rest retentate not is

a total sample and spent grain is removed fronibéwse, these two are not in the
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diagrams). The diagram with %LUPP, %TUPP and %SWk®ws changes in

extractability during the brewing process.

Uppakra 70 %LUPP
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Fig. 7. How %LUPP varies during the brewing process

Figur 7 shows that the percentage of large unetatioées polymeric protein in total
large polymeric proteins decreases when the badayslted, from 27% to 20 %.
After the beta-glucan rest and the proteins resuihout the mashing the % LUPP
is about unchanged. When the beer is lautereti@libextractable proteins is left in
the spent grain and the wort only contains exttdetproteins. This does not change

during fermentation or storage for 40 days.
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Uppékra 70 %TUPP

%TUPP

Barley Malt Betaglucan Proteinrest  Fermentation Bottle tapping
rest start

Fig. 8. How %TUPP varies during the brewing process

Fig 8 shows similar results as for Uppakra 70 %LURB only difference is that
%TUPP is decreasing slightly more during mashimm tiwhat %LUPP did. These
data suggest that during mashing there are mork gahgmeric proteins then large
polymeric proteins that transforms to extractalwtgins. This could be because the
smaller proteins easier transforms extractable themarger proteins.

Uppakra 70 %SUMP
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%SUMP
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Barley Malt Betaglucan  Protein rest Fermentation Bottle tapping
rest start

Fig. 9. How %SUMP varies during the brewing process
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The percentage of small unextractable monomeriep®in total small monomeric
proteins (%SUMP) varies different then %LUPP and$8P. After malting only

half of the unextractable proteins in barley afg the other have transformed into
extractable proteins. After the beta-glucan resnall decrease in %SUMP can be
observed, which could not be seen for %LUPP. Afterprotein rest no changes can
be observed. This data also suggests that smatiezips easier transform

extractable then larger proteins.

4.0 CONCLUSIONS

* During the beer brewing process the polymeric pnstare degraded into
monomeric proteins and in the final product appmately 70 % are small
monomeric proteins, the rest are large monomeadteprs. There are no
polymeric proteins left in the final product.

* The most of the proteins are degraded into smatiameric proteins

somewhere between the end of the protein resthanstart of fermentation.

* Inthe final beer product the ANOVA results showsgnificant difference
both in total protein content and %SMP in totaltpno between the two
locations as well as for the amount of nitrogeneali the soil. The
differences in %SMP in total protein were howeveahl and are therefore

not likely to have a great influence on the beer.

* The unextractable proteins were transformed taetdble during the malting

and mashing and after lautering no unextractaldeeprs are left in the wort.

* |t would be interesting to further examine whiclesific proteins that differ
with location and nitrogen add. It would also bterasting to examine more
samples taken from the beer brewing process, fameles the samples taken
before and after wort boiling to follow the degrada of the proteins in a

greater detalil.
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