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Abstract

Purpose: The main raw material for beer production is malt. There is a tendency to use other grain crops in
the production of beer. The using of unmalted materials gives opportunity for brewers and technologist for
cost saving. But replacing of malt makes affects the quality of wort and beer. The purpose of the researches
was to compare quality parameters of 100% malt beers and beer with part of malt replaced by unmalted
barley. Methods: To solve the given problem the methods of the high-performance liquid chromatography,
analysis and empirical methods are used. Results: Using a big amount of unmalted grits together with
external enzymes gives brewers opportunity to receive product in the same composition and quality like
high-quality product using only malt. Conclusions: For brewing with a very small amount of malt, barley is
a very good choice for replacing part of it as it has some characteristics of malt. It is possible, economically
profitable and technically reasoned to replace half of the malt in the grind. But it becomes necessary to use
exogenous enzymes.
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1. Introduction and Ceremix Plus

Barley brewing

For brewing with a very small amount of malt,
barley is a very good choice for replacing part of the
malt, as it has some its characteristics:

— contains beta-amylase and peptidase

— can be added to the mash tun, since barley
starch has a low gelatinization temperature

— has a husk, which provides good filtration in
the lauter-tun (with proper crushing) [1-2].

It is possible to replace half of the malt in the
grind. For example, 30% of corn and 70% of malt
replace 30% of corn grist, 35% of barley and 35% of
malt, and still produce high-quality beer. But it
becomes necessary to use exogenous enzymes [3].

For experimental part external enzymes from
Novozymes company were used.

There two options for brewers where found:

The first option is specially prepared mixtures
equivalent to malt: Ceremix 2X L, consisting of
alpha-amylase, protease and beta-glucanase;
Ceremix 6X MG, which also contains cellulase and

pentosanase;
possesses all the mentioned activities, including
thermostable alpha-amylase. Products Ceremix are

added during mashing.
The second option is to use as necessary
individual  preparations  Ultraflo,  Neutrase,

Fungamyl and Termamyl.

The first option is simpler; the second option has
the advantage that the brewer himself can more
accurately choose a mixture of enzymes suitable for
a specific composition of the mash. If the part of
barley used is very high, then the final degree of
fermentation of the wort will be reduced. It can be
corrected by adding Fungamyl during fermentation
or Promozyme - during mashing.

Brewing with barley and enzymes gives the
brewer the following advantages:

— the enzyme dosage can be refined to obtain the
required level of activity in the mash

— less dependence on supply fluctuations, the
price and quality of the malt

— obtaining a wort with a lower viscosity, which
means an easier filtration of wort and beer

— cost reduction.
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Table I exogenous enzyme formulation reduces the
Enzymes and dosage rates environmental impact of the overall brewing process. [5]
Conditions: Whilst beers have been produced using various levels
- of unmalted grains as adjuncts along with malt, brewing

Extract content . .. .. .
Malt 759% with 100 % unmalted grains in combination with added

| Sarl Extract content mashing enzymes remains mostly gnknown [6].

arley 759, The conversion of barley into beer represents
) Extract content mankind's oldest and most complex example of
Corn grits 75% applied enzymology. Barley is one of the most

70% of malt + 30% of corn grits: 1000 kg of
2 extract: 700 kg from malt + 300 kg from corn
grits

35% of malt + 35% of barley + 30% of corn
3 grits: 1000 kg of extract: 350 kg from malt +
350 kg from barley + 300 kg from corn grits

Enzymes Activities Dosage rate
Ceremix 2X alpha-amylase, 1.4-1.8 kg per 1
L beta-glucanase, ton of barley
protease during mashing
alpha-amylase,
Ceremix 2X beta-glucanase, O.tf)rlfi Fsgrlleper
MG protease, xylanase, . Y
cellulase during mashing
. alpha-amylase, 0.7-1.0 kg per 1
Ceremix beta-glucanase, ton of barle
Plus MG xylanase, . Y
during mashing
cellulase, protease
0.2-0.5 kg per 1
Ultraflo L beta-glucanase, ton of barley
cellulase, xylanase . ;
during mashing
Neutrase 0,6-1,0 kg per 1
0.8 L neutral protease ton of grinding
Fungamyl | maltogenic fungal gnktgef;relll?i?oﬁl
Brew Q alpha-amylase
tank
Promozyme deamylating O'tso-r} fflﬁga 3:; !
Brew Q amylase during mashing
Finizyme fungal beta- 0'.5 kg per 10(.)0 bl
250 L glucanase in fermentation
tank or BBT

2. Analysis of the latest research and publications

The exergetic performance of beer produced by the
conventional malting and brewing process is compared
with that of beer produced using an enzyme-assisted
process. The aim is to estimate if the use of an

ancient crops, and it has evolved through
domestication to today as a major world crop based
on acreage and production. It has great potential to
reclaim some of its prominence as a food grain,
largely due to its high nutritional value [7].

3. Purpose and objectives of the study

The main raw material for beer production is malt.
There is a tendency to use other grain crops in the
production of beer. The using of unmalted materials
gives opportunity for brewers and technologist for
cost saving. But replacing of malt makes affects the
quality of wort and beer. The purpose of the
researches was to compare quality parameters of
100% malt beers and beer with part of malt replaced
by unmalted barley.

4. Materials and methods of research

Using a big amount of unmalted grits together with
external enzymes gives brewers opportunity to receive
product in the same composition and quality like high-
quality product using only malt. To solve the given
problem the methods of the high-performance liquid
chromatography, analysis and empirical methods are
used.

5. Research results
Barley milling

As for malt milling and for milling of barley suitable
as a dry or wet method of milling, you need only a
minimal adjustment.

The wet method of milling is well suited in
which the grains and their husks soften during
steeping (but only when working with lauter tun)
[8].

When malt is replaced by a small amount of
unmalted barley, the barley is mixed with the malt
before milling, but with a high proportion of the
barley used it is preferable to mill the barley
separately using two-rollers mill with a 0.2 mm gap
between the rollers (normal gap for malt is 0.3-0.5
mm) [9-10].
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Example 1 Table 2
As an example of obtaining 1000 kg of extract from Barley brewing with Ceremix
malt, barley and corn grits, the following variant can (50% malt / 50% barley)
be proposed: ;
Param.eters, Control Ceremix Ceremix 6X MG
units 2X L
Malt (extract content 76% | 475 kg Enzymes
Mash Barley (extract content 475 kg dosage, w/w 0 0,14 0,1 | 0,05 {0,025
o 68%) of barley
composition C its (extract content
orn gri Extract
400 k;
82%) g content, % 19,15 19,65 |19,64|19,65]|19,71
Enzyme for Total nitrogen
| 820 1123 | 1120 | 1068 | 945
liquefaction: Termamyl 120 L 0,15 kg mg /1 *
Enzymes for Ultraflo XL 0,3 kg FAN, mg/l 131 213 208 | 184 | 143
mashing: i i
g Neutrase 0.8 L 0,3 kg VISC(;SHZ’ 2.84 1,75 159 | 1,63 | 1,69
mPa*s
Beta-glucan, | 503 | 30 | <30 [ <30 | 114
mg /1
v 110 * - for 12%
s wort
E 100 —
% 90— l‘x Example 3
=
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Fig. 1. Mashing process, example 1

Corn grits is liquefied separately using
Termamy]l stabilized with a total Ca2 + content of
about 100 mg / L, with water: additives ratio of
about 4: 1. Milled malt and barley mashed at the
temperature of 52 ° C.

After 30 minutes the boiled part is added to the
barley and malt mush to increase its temperature to
63-66°C.

After 60 minutes, the combined mash is heated
to 76-78 ° C and kept at this temperature until
complete saccharification. Then the wort separation
process follows.

The wort / beer properties will be similar to the
wort / beer properties obtained using 70% malt and
30% corn grits.

Example 2

Table 2 gives some results of lab tests of mashing
50% of malt and 50% of barley using the products of
Ceremix.

The results of full-scale tests before the start of using
barley brewing at the breweries in Bulgaria several
years ago.

Table 3
Raw materials and mashing type
Control Variant 1 Variant 2
% kg % kg % kg
Malt 85 | 5950 | 60 | 4200 | 60 | 4200
Barley 15 | 1050 | 40 | 2800 | 40 | 2800
Ceremix 015| 42 |0,15]| 4.2
2X L b 9 b b
Mashing decoction infusion decoction
type

The technical characteristics of the mashing process
are in Table 4.

Table 4
Technical characteristics of the mashing process
Characteristics Control Valimnt Var;ant
pH during mashing 5,50 5,50 5,50
Sacc;harlﬁc'atwn 10-15 10-15 10-15
time, min
Wort ﬁltra"uon time, 208 170 200
min
Speed of ﬁltra}uon, 1 133 15,7 12,9
/ m2 / min
Yield, % 68,8 72,3 75,3
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6. Discussion of results Table 6
Finished beer analysis
From the table: . . ) ) . . Variant | Variant
The saccharification time in experimental brews Characteristics | Control 1 2
does not differ from the saccharification time in the First wort extract 930 014 9.08
control variant and is within 10-15 minutes. content, % mass. ’ ’ ’
For decoction mashing method the filtration Visible extract,% of
. . . 2,20 2,10 1,90
speed of the experimental wort was almost identical mass.
to the control. The wort obtained by the infusion Alcohol,% of mass. 2,91 2,89 2,95
method had a high}er speed of ﬁltrati‘on. ‘ Apparent degree of 263 71 0.1
The extract yield in the experimental brews is fermentation,% ’ ’ ’
higher than in the control one, and does not depend The difference
on the amount of used unmalted barley. The yield between the final
. ) . : ’ 0,2 0,4 0,4
using the decoction mashing method is 3% higher and reached degree
than using infusion one. of fermentation,%
Physico-chemical parameters of the wort pH 4.4 4,5 4,5
quality are in Table 5. Color, EBC* 14 13 13
Table5 | viscosity, mPa*s * | 1,65 1,58 1,58
Physico-chemical parameters of the wo.rt quality . Beta-glucan, mg / 1 * 211 61 158
Characteristics Control | Yariant | Variant Foam stability, Ross
1 2 130 136 136
- and Clark
Extract, % 9,35 9,15 9,13 VDK, mg/I* 031 0,24 0.25
H 2 4
P 5,25 5,33 540 Esters, mg /| 22,4 27,1 20,3
Color, EBC* 17 17 17 :
Higher alcohols, mg 75 79 78
Viscosity, mPa*s * 1,72 1,70 1,64 /1
Beta'gluiana mg /1 590 167 339 * - for 9% wort
Soluble r/ultr):)gen, 826 954 937 N o
mg/l™ Surprisingly, that VDK content was high in all
~Alpha-amine 139.00 149.00 | 142.00 variants - this could be corrected using the Maturex.
nitrogen, mg /1 * ’ ’ ’
Zn2 +, mg/1 0,22 0,21 0,23
* _ for 9% wort 7. Conclusions

It should also be noted that the sugar spectrum
determined by HPLC (high-performance liquid
chromatography) were almost identical. As can be
seen from Table 5 total soluble nitrogen and free
amine nitrogen are higher in brews using barley and
enzymes.

Content analysis of individual amino acids
shows (together with higher values of free amine
nitrogen) that the concentration of individual amino
acids is the same or higher in the experimental brews
than in the control one. The only amino acid present
in the experimental brew at a lower concentration is
arginine, in the control variant, 9.3 mg / 100 ml of
arginine was found, compared to 8.6 and 8.4 mg /
100 ml in the experimental brews.

Finished beer analysis are in Table 6.

Using big amount of unmalted grits together with
external enzymes gives brewers opportunity to
receive wort/beer in the same composition and
quality like high-quality wort/beer using only malt.

References

[1] Cege P., Kenyan Beer produced with
unmalted Barley (1999), Paper presented at 7th [OB
Convention, Nairobi, Published in Ferment
June/July 1999, Novozymes print A 6634

[2] Graham S. (2013),Non-malted Adjuncts to
produce fermentation Ethanol, Novozymes paper.
2013

[3] Aastrup S.,Olsen H.S. (2008), Enzymes in
Brewing, Blozoom no. 2

[4] Hannemann W. (2001), Brewing trial with
specially made cheap malt and tailor-made
Enzymes, Novozymes publication 2001-16332-01



S. Loiko, Z. Romanova. Using Unmalted Barley for Brewing

97

[5] Van Donkelaar L. H.G, Mostert J.,
Zisopoulos F.K., Boom R.M., Der Goot A-J (2016),
The wuse of enzymes for beer brewing:
Thermodynamic comparison, p. 519-527, Resource
use: https://www.sciencedirect.com/science/article/
pii/S0360544216312518

[6] Zhuang Sh., Shetty R., Hansen M., Fromberg
A., Hansen P.B., Hobley T.J. (2016), Brewing with
100 % unmalted grains: barley, wheat, oat and rye,
European Food Research and Technology 243(3),
Resource use:
https://www.researchgate.net/publication/306306548
_Brewing_with 100 _unmalted grains_barley whea
t oat and rye

[7] Gupta H., Abu-Ghannam N., Gallaghar E.
(2010), Barley for Brewing: Characteristic Changes
during Malting, Brewing and Applications of its By-
Products, DOI: 10.1111/.1541-4337.2010.00112.x,
Resource wuse: http://onlinelibrary.wiley.com/doi/
10.1111/5.1541-4337.2010.00112 x/full

[8] Kunze W. (1996), Technology Brewing and
malting International Edition, VIB Berlin

[9] Houghs J.S., Briggs D.E., Stevens R. (1971),
Brewing and malting science, Chapman and Hall,
London, p. 658.

[10] Aschengreen N.H. (2003), Brewing
technology, Internal brewing compendium: 1998,
update Novozymes 2003

C.M. Jloﬁlcol, 3.M. PomanoBa’

BuxopucTaHHs HECOJIOIKEHOT0 SITYMEHI0 B MMBOBapPiHHI

'TOB «HoBokoHnTakTy, Byi.bepexancrka, 6a, Kuis, 04074, Ykpaina

*HarjionansHuii VYuiBepcureT XapuoBux Texnouorii, Bya.Bomomumupcrka, 68, Kuis, 01033, Ykpaina,
E-mail: 'sergey.loyko@yahoo.com; *pani.zoriana@gmail.com

Meta: OCHOBHOIO CHPOBHHOIO JUIi BHPOOHHWIITBA THBA € CONOJ. ICHye TeHIEHIliS MO0 BHUKOPUCTAHHS
IHIITMX 3€pHOBUX KYJIBTYP Y TUBOBUPOOHUIITBI. BUKOPUCTaHHS HECONIOKCHIX MaTepialiB Ja€ MOXKIIUBICTh
MMBOBapaM Ta TEXHOJIOTaM 3HIDKYBAaTH COOIBapTiCTh MPOMYKINii. Ajle 4acTKOBA 3aMiHa COJOTY OJHO3HAYHO
BIUIMBAE Ha SKICTh Cyclia Ta TOTOBOro nmBa. OCHOBHOIO METOIO JOCIHIKEHHs OyJIO TMOPIBHATH SKiCHI
MOKAa3HUKH THBA, 3BaPEHOTO JIMIIE i3 BUKOPUCTAHHIM COJIOJY, Ta MHBA, 3BAPEHOTO i3 YaCTKOBOIO 3aMiHOIO
COJIOAY HECONOMKECHUM suMeHeM. Meroam aocaimkennsi: Jns posp’sizaHHS AaHOi mpoOiemu Oyio
BUKOPUCTaHO METOJ] BHUCOKOE(EKTUBHOI piAMHHOI Xpomarorpadii, aHamily Ta eMHIpUYHUN METOIu
nociimkeHb. Pe3yabTaTtm: BuKOpHCTaHHS BENWKOI KIJTBKOCTI HECOJOPKEHWX MaTepialiB pa3oMm i3
JIOTIOMOTOI0 (PEpMEHTHHUX TpernapaTiB Ja€ MHBOBapaM MOXIIMBICTh OTPHUMYBATH MPOMYKT TaKOTO X CKIIATY
Ta SIKOCTi, SK TIPM BHKOPWUCTAaHHI TUTBKH coJiony. BHcHOBKHM: /[ NMHMBOBapiHHA i3 3aMiHOIO BEIHKOI
KUTBKOCTI COJIOAY, SUMiHb € OJHHM i3 HalKpalux BapiaHTiB, Tak sSK Mae 0araTo XapaKTEPUCTHK COJIOMY.
3aMiHa YaCTUHHU COJIOJY HECOJIOKEHHUMH MaTepiajlaMd € MOJJIMBOIO, EKOHOMIYHO BHUTIIHOIO Ta TEXHIYHO
OOTPYHTOBAHOIO MTPY BUKOPHCTaHHI (EPMEHTHUX TpETaparis.

KirouoBi ciioBa: BapTicTh; MUBO; CONOM; (EPMEHTHI MpenapaTy; SKicTh; SIMiHb

C.M. Jloﬁlcol, 3.H. PomaHoBa®

Hcnosib30BaHne HECOJOKEHOT0 STYMEHsI B TUBOBAPEHUH
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Heab: OCHOBHBIM CHIPbEM Il POM3BOJICTBA MTUBA SIBIsAETCs cojof. CymecTByeT TEHACHIINS OTHOCUTEIBHO
WCTIONB30BaHMs JAPYTUX 3€PHOBBIX KYyJNbTYp B TIHBOIPOW3BOACTBE. lICMomb30BaHME HECOIOKEHHBIX
MaTepuaioB [AaeT BO3MOXXHOCTh IHBOBapaM W TEXHOJIOTaM CHHU3UTH cebecToMMOCTh mpomyKiuu. Ho
YacTUYHA 3aMEeHa COJI0Jla OJHO3HAYHO BIHMSET HAa KAayecTBO CycCla M TOTOBOTrO muBa. OCHOBHOW ILIETBIO

HUCCICIOBaHUA OBLIO IMPOBECTH  CPABHCHHUEC  KAYCCTBCHHBIX MoKa3aTesek nmuBa, CBap€HHOTO C
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WCIOJIb30BaHUEM TOJIBKO COJIOZIA, M IMBA, CBAPEHHOIO C YAaCTUYHOH 3aMEHOH co0JIola HECOJIOKEHHBIM
sumMeHeM. Mertoabl uccieaoBanmii: Jnsg pemeHus AaHHOW NpoOIeMbl OBUIO HCIIOJNB30BAaHO METO[
BBICOKOA((EKTUBHOM KUIKOCTHOM XpomaTorpaduu, aHaIW3 M HMIUPUYECKUH METOABl HCCIICIOBaHUH.
PesyabTarbi:  Mcmonb3oBaHue OOJBLIOIO  KOJMYECTBA  HECOJIOKEHHBIX  MaTepUalioB  BMeECTE C
UCTIOJIb30BaHUEM (DEPMEHTHBIX IpPEenapaToB JaeT MHUBOBApPaM BO3MOXKHOCTH IIOJIyYaTh IPOILYKT TAKOTO K€
COCTaBa M KayecTBAa, KaK IPU HCIIOJIb30BAHUU TOJNBKO cojoaa. BeiBoawl: [l muBoBapeHus ¢ 3aMEHOM
00JIBIIOr0 KOJMYECTBA COJOJa, SYMEHb SBIAETCS OAHMM M3 HAWIyYIIUX BapUaHTOB, TaK Kak oOiamaer
MHOTUMH XapaKTEPUCTUKAaMHU COJIO/Ia. 3aMeHa YacTH COJI0Ja HECOJIOKEHHBIMH MaTepualaMy SBISETCS
BO3MOXHBIM, 5KOHOMHYECKH apryMEHTHPOBAHHBIM W TEXHHUYECKH BBIMOJHUMBIM IIPH HCIOJIB30BaHUU
(epMEHTHBIX MPENapaToB.
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