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Evolution of breweries and beer companies in Belgium
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Cereal

Barley

Wheat

Einkorn

Emmer

Spelt

Khorasan

Variety

Etincel

Winter wheat

Ebner’s
einkorn

White emmer

Frankenkorn

Kamut®

Origin

France

Belgium

The Netherlands

The Netherlands

The Netherlands

Canada

Harvest year

2019

2018

2019

2019

2019

2019

Cereal

Quinoa

Amaranth

Buckwheat

Sorghum

Teff

Tritordeum

Sample set

Variety

Vikinga

A. caudatus

Unknown

CN7/

White teff

Bulel

Origin

Belgium

INndia

China

The Netherlands

South Africa

Spain

Harvest year

2019

2019

2019

2018

2018

2018



Size cereals and gelatinization T

Barley Spelt Buckwheat

A
3.5 mm - 56 °C - 60 °C . 61°C
\ 4

Wheat Khorasan Sorghum

Einkorn Quinoa Teff

- 60 °C ‘ 63 °C ® 65 °C

Emmer Amaranth Tritordeum

- =3 °C ® 65 °C - 60 °C




Composition unmalted cereals

% dm m Husk
35




Composition unmalted cereals

% dm m Starch Protein
80
70
o0
50
40
30
20
10
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Composition unmalted cereals

% dm m B-glucan
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Enzymatic activity unmalted cereals
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10 unmalted alternative cereals and
pseudocereals: A comparative analysis of their
characteristics relevant to the brewing process
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Practical implications unmalted form

« Sorghum

— High viscosity during gelatinization = lower grist/water ratio!

« Buckwheat

— High viscosity after mashing

— Foaming over during fermentation

« Emmer/Einkorn

— High water uptake in husk during mashing (10 — 20% more than mailt)
* Quinoa

— Saponin rinsing prior to milling = Use of saponin free quinoa

Quinoa, amaranth & teff

— Not compatible with roller mills = Disc or hammer mill
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Info sheets

EINKORN

INKOVATION CENTRE FOR SREWING & FERMENTATION

TRITICUM MONOCOCCUM L. SSP. MONOCOCCUM

The great-grandmother of modern wheat

Domesticated einkorn, Triticum
monococcurn L. ssp. monococcum, B
the oldest cultivated wheat variety. This
diploid variety (Z2n = 14 chromosomes)
originates from the Middle-East, with
the oldest traces of its cultivation
leading back to around 9500 years ago
in South-East Turkey. Since then, the
crop has spread across Furope and has
played an important roke in agriculture
and human nutrition. For example,
traces of einkorn wheat were found

[ Einkorn J

"l
Emmer
4 4
Durum

4 Spelt wheat .
% J

Bread Khorasan

wheat

& HO

T RO

back inside the stomach of Otzi, the
mummy who was found in the Alps,
where he lived about 5000 years ago.
With time, most of the einkorn got
replaced by spelt and subsequently
free-treshing wheat. Until today’s
repewed  interest  in the cersal
einkorn cultivation only persistad in
isolated, mountainous regions in for
example Turkey, Italy, Morocco and
the Caucasus Examples of einkorn
varieties are Terzino and Ebner’s
einkorn.

L
-

2\ Al \'J ([ HAR
UNIVERSITEIT \ DERI N
SL‘P." GENT TECHNOLOMIECANPUS BENT LN e

d

Although the FAN concentrations in
the wort differ between 407 khorasan
ard the three reference worts the
profile of the separate amino acids s
very similar between them. Also, no
sianificant  differences were  found
Detween 0% khorasan beer and the
reference beers regarding the metal
jons present in the final beer.

Sensory wise, the addition of 40%
whorasan resultad in a beer with 3 nice
rourd body and a very soft and creamy
mouthfeel. This is mainly causad by
the present proteins rather than any
unfermentable sugars or fibres. The
flavour palate provides clear, but mild
nutty flavours with subtle floral tones
ard hints of blueberry in the
background.

At

* TR W mEE

i

BEER PROTEIN (ma/L)

40% khorasan N <68
40% wheat [ m e
40% barley = 3

100% barley malt BI 30

WORT FAN* (mag/l )

40% khorasan R 15
40% wheat — 1 94
40% barley a-l 39

100% barley malt HH 24

Tow AJ

BEER FAN [ma/l)

40% khora=an -I 49
40% wheat Bl <5
40% barley E—I 1

-

100% barley malt al €«

BEER BETA-GLUCAN (mg/L}

40% khora=an -l &2

4O% wheat 3—1 12

40% barley pess

100% barley malt E—c 12

WORT SUGARS (g/l)

a'l)
®

]
|}

5
HH

5

oncantration
3

C

o

[

=l [Fle

40% Khorasan 100% Barley malt

4% Barley 407 Wheat

oGhcose oMaltose oMaltotricse oMaltotetraose oMaltopentacse o Maltohexaose




Preference for beers with 40% addition

15t I horoson

2nd Eenkoorn

7th Sorghum

8th | Tarwe

ALTER



Color
Acceptability 4 Clarity

Aftertaste: Length Foam

Smell: Intensity

3
Aftertaste: Intensity j\
Astringenc o \ Smell: Impression
g y ) 50 / P

Texture W \ A Aroma: Intensity

-

Body Aroma: Impression

Carbonation Sweetness
Sourness Bitterness

—o—4(0% eenkoorn 40% khorasan 40% teff




Pilot scale brewing trials




Pilot scale wort filtration

| auter tun Thin bed filter

o0 L 500 L




Pilot scale brewing trials

40% alternative cereal + 60% barley malt

30 min @ 80°C (Teff)
+ Mats L Classic® (DSM)
20 min @ 52°C (all excl. 100% barley malt)
25 min @ 63°C
15 min @ 72°C
1 min @ 78°C

60 min boiling
15 IBU Magnum pellets type 90
12 °P density

[/ days fermentation, 14 days maturation
Fermentis SafAle S-04

Filtration, saturation & filling ffif gl | P
Plate filter becopad 350 sheets \H T il e o
5.6 pom CO:>
6-head rotating counter-pressure filler with double
pre-evacuation and foaming before capping
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SR

W,V
2

160
140
120
100

Time (min)
S8338

@

80
70

— 50

& 40

5

= 30

O

> 20
10

Filtration time (min)

llot scale wort filtration - Lauter tun

X Clogged filter

—F—
T I * !
4
1 >
X
100% 40% 40% 40% 40% 20% 40%Teff 20% Teff
Barley Barley Wheat  Einkorn Khorasan Khorasan
malt
Filtrated volume (L)
I I
L
g I e —
X X
100% 40% 40% 40% 40% 20% 40% Teff 20% Teff A L
Barley Barley Wheat Einkorn Khorasan Khorasan

malt

TER



Pilot scale wort filtration - Lauter tun

N Watch out for:
D, N |
T\ N7 * Milling & husk (einkorn)
| ™ * Milling & protein content (khorasan)

* Kernel size & stirring (teff)




Pilot scale wort filtration - Thin bed filter

Possible for all cereals using 40%

Watch out for:

* Mash thickness (einkorn)

* Kernel size & stirring (teff)
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Pilot scale wort filtration - Thin bed filter
100% barley malt

Batch | Batch 2
2500 - - 30 2500 -
o
= 2000 e 5 _ 2000 -
£ - 20 £
_g 1500 P % 1500
> - 15 8 >
= 1000 2 < 1000
= - 10 < 2
O o S ‘
- 500 - 5 @ L 500 4|/
o
o
0 ' T T T T 0 0 T T T ' T
0 50 100 150 200 250 0 50 100 150 200 250
Time (min.) Time (min.)
— Fitered volume (l) Wort Flow (I/h) e Filt€red volume (l) Wort Flow (I/h)

Filter Pressure (x10 bar)

—— Density wort boiling kettle (°P)

Brewhouse efficiency: 79.2%

Wort density (°P)

-Fitter Pressure (x10 bar) ——— Wort density (°P)

Density wort boiling kettle (°P)

Brewhouse efficiency: 76.9%

- 30

- 25

- 20

- 15

- 10

Pressure (x10 bar); Extract (°P)




Pilot scale wort filtration - Thin bed filter
40% khorasan

Batch 1 Batch 2

2500 - - 30 2500 - - 30
N 3
_ 2000 {| 4t "% 2000 - 5
3 g 3 g
= - 20 % = - 20 %
3 1500 2 1500 o
> L 15 O > - 15 8
< 1000 = < 1000 <
E - 10 > E L 10 >
4 500 - 5 B 4 500 - ?
. n -5 »
o L
o o

0 7 L | | L | | O O ' | | L} L} 0

0 50 100 150 200 250 0 50 100 150 200
Time (min.) Time (min.)
— Filtered volume (I) Wort Flow (I/h) ——— Filtered volume () Wort Flow (I/h)
Fikter Pressure (x10 bar) - \Wort density (°P) - Filkter Pressure (x10 bar) - \N Ort density (°P)

Density wort boiling kettle (°P) Density wort boiling kettle (°P)

Brewhouse efficiency: 75.5% Brewhouse efficiency: 74.2%



Pilot scale wort filtration - Thin bed filter
40% teff

Batch 1

2500 -

~ 2000 -

o

5 —'

5 1500

>

= 1000

=

O

- 500
0 1 ] )

100 150 200 250
Time (min.)

e Filtered volume (l) Wort Flow (I/h)
—— Filter Pressure (x10 bar) -~ \Wort density (°P)

Density wort boiling kettle (°P)

Brewhouse efficiency: 72.9%

$) - - N N W
o &) o &) o
Pressure (x10 bar); Extract (°P)

o

Batch 2

2500 -
—~ 2000 -
@
=
= 1500
)
>
= 1000
=
O
- 500 -
o " " ' ' . ' L
0 50 100 150 200 250
Time (min.)
e Filk€red volume (I) Wort Flow (I/h)

e Filter Pressure (x10 bar)

Wort density (°P)

Density wort boiling kettle (°P)

Brewhouse efficiency: 76.9%

— N N W
(&) o &) o

-
o

Pressure (x10 bar); Extract (°P)




Pilot scale wort filtration - Thin bed filter
40% einkorn

Flow (I/h); Volume (I)

Batch 1 Batch 2
2500 - - 30 2500 -
o
2000 - 25 % _ 2000 -
O e
L 20 % £
1500 Y C_DD 1500
- 15 8 >
1000 < < 1000
R
500 - . > L 500 -
- v
-
o
0 h . . . 0 0 . - . .
0 50 100 150 200 250 0 50 100 150 200 250
Time (min.) Time (min.)
e it €red volume () Wort Flow (I/h) e F ik €red volume () Wort Flow (I/h)
Filter Pressure (x10 bar) e N OFt density (° P) Filter Pressure (x10 bar) - \N OFt density (°P)

—— Density wort boiling kettle (°P)

Brewhouse efficiency: 59.8%

Density wort boiling kettle (°P)

Brewhouse efficiency: 72.8%

N N —_ N N W
o &) o &) o
Pressure (x10 bar); Extract (°P)

o




Pilot scale brewhouse efficiency

O Lautertun O Thin bed filter

80%: -:[_ T _}_ . N +

Brewhouse efficiency

100% 40% 40% 40% 40% 20%  40% Teff 20% Teff
Barley Barley Wheat Einkorn Khorasan Khorasan
mallt



O Lauter tun

Pilot scale beers - Analytical i od iter

Density Colour
13 - 10 - i
o 12.5 4 - i O 841 \
— 12 - - ' 0 2 = fl= 1
2 11.5 - [ Fe : = == | M
2 11 - 3 -
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Q 10 0
K K K K
@"% @ & & L k@ <@ @&\ A & L k@ <@
\QT\ @'b‘ $(\ Q‘/\Q \(\O&(b \(\O{b Qo\o o\e \6\\ Q;b s&\ Q‘/\Q \(\O{b ‘{\O{b Qo\o Qo\o
(b,b« b§\° b9°\° Qe o\o\" °~[~ ™ Vv Q;Q} b§\° b§\° o\o o\o\b oxl- ™ Vv
0\0 b‘ b‘ QQ\ 0\0 b‘ bt QO\
S$ V S V
N N
Alcohol pH
~ 67 6 -
> 541 F - - 5 -
o | = = p— — T — T — i . T
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O Lauter tun

Pilot scale beers - Analytical i od iter

Foam stability _ Soluble protein
— —
£ 300 - Ea 700 -
£ £ 600 - i
£ 250 1 ~+ T T c
S T T = 500 - - - =
g 200 - |l TU ] M © 400 - - _ ' ]
= , - a 300 1 AN [ T
g 150 - = § 200 - T 10
£ 100 o 100 -
© 0
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Pilot scale beers - Sensory

Color
Acceptability 4 Turbidity

Aftertaste length 3 Foam quality

Aftertaste intensity Smell intensity

Astringency Smell quality

Texture Aroma intensity
Body Aroma quality
Carbonation Sweetness
Sourness Bitterness
—e—100% Barley malt ----40% Barley o+ 40% Wheat

—o—40% Einkorn 40% Khorasan  —o—40% Teff




Pilot scale beers upon storage
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Aldehydes concentration [ug/kg ds]

600
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Aldehydes

Cereals

2-Methylpropanal
B 3-Methylbutanal

B Phenylacetaldehyde
Hexanal
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e
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2-Methylbutanal
0 Methional

& Furfural
B Trans-2-nonenal
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Aldehydes

Thin bed filter beers

20 40 60
Time at 30°C (days)
—8— 100% barley malt -#--40% barley
—0—40% einkorn 40% teff

80

100

--4#--40% wheat

—8—40% khorasan
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Concentration (ug/L)

Aldehydes

Khorasan beers

—8—100% barley malt

—0—-40% einkorn

—8—40% khorasan duplo

60 80
Time at 30°C (days)

-9--40% barley
40% teff

40% khorasan lauter tun

100

--4#--40% wheat

—8—40% khorasan




Industrial case study

B 0 0K
BREWING




Industrial case study

Equipment:

* 21 hL

* Lauter tun
Ingredients:

* 33% khorasan (Kamut®)

* 2% rice hulls

* Hallertau Merkur & Saaz
* Fermentis SafAle S-04 (19°C)

More lactic acid was needed

No filtration issues, no protein rest! B DOK TC
P KAMUT> BREWING AI.TER
BRAND KHORASAN WHEAT . c u -




50 - Aldehydes

400 - Khorasan beer case study )
350 - [
-
© 300 - I
=
& 250
O
= 200
S
c 150
O
O
100
50 ;
0 | 1 1 1 1 1 1
0 20 40 60 80 100 120
Time at 30°C (days)
—8— 100% barley malt -#--40% barley --#--40% wheat
—0—40% einkorn 40% teff —8—40% khorasan A LT E R

—8—40% khorasan duplo 40% khorasan lauter tun







Meets consumer trends
‘ﬂ““’"‘e"t and brewers' requirements
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Average barley yield forecast during extreme years
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Pilot scale wort filtration - Thin bed filter

Baglg;)?;alt 40% Barley 40% Wheat th?;/;an 40% Teff Eiﬁi?m*
Extract (°P) 25.7 24.3 23.7 23.8 23.2 20.9
Flow rate total (L/h) 156 139 137 180 166 204
Flow rate filtration (L/h) 245 154 234 288 266 518
Flow rate precompression (L/h) 107 7’7 O 1277 1277 170
Flow rate wash step (L/h) 141 142 111 158 165 142
Flow rate final compression (L/h) 213 115 158 289 280 376

X Brews with 40% einkorn are brewed with larger quantity of brewing water,

so that these parameters cannot be compared with the other brews



