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Summary

The CMBTC conducted barley analysssyvell agilot scale malting anéhrewing trials withthe
following2016 cropmalting barleyvarieties AC Metcalfe, CDC CopetaAAC Synergentley,

Legacyand a newtwo-row malting variety AAC Connecthese barley samples were collected

and provided to the CMBTC Wyichardson International, Viterra Indalteurop Canada Ltd.,
Rahr Maling Co., Prairie Malt Ltdlntegrated Grainsand the CANTERRA SEED® objectives
of this workwere to examineghe overallquality of the barley samples, to as®sstheir malting
and brewing performancesh Y3 (G KS [/ a. qualify &ssessinkeny prdcediResnd to
generateprocess guidelinesvhere applicable,that can be used bgnd users

The test results generated from this work indicated thiae 2016 crop barley sample¢AC
Metcalfe, CDC Copeland, AAC Synergy, Bemtgyacy andAAC Connelall showed selectable
quality for malting use However there were some #gnificant quality variations between
varieties andamong thesamples recorded For each of thee varieties, the highlights dfarley
guality, as well asmalting and brewing performangeén contrast to thelast year@ crop are
summarizedn the following boxes

2016 crop AC Metcalfecompared with 2015AC Metcalfg
Barley Quality Malting Performance Brewing Performance
1 Comparableconversion
1 Lower grain moisture 1 Faster wateruptake and more time
1 Lower protein content advanced growth of acrospire| § Slightly shorter time to
1 Higher germination energy| 1 Significantly higher friability clear during lautering
with strongerwater andhigherextract yield 1 Slightly longer lautering
sensitivity 1 Comparable levels of enzyme time
f Higher thousand kernel 1 Slightly higher dable protein | 1 Lower brewhouse
weight and higher andhigher FAN efficiency
plumpness 1 Slightlylower malt betaglucan | 1 Lower (lighter) wort and
{1 Significantly lower RVA beer colour
values suggestingoor 1 Comparable attenuation
storability limit
1 Slightly lower foam
stability
1 Slightly lower final beer
alcoholconcentration
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2016 crop CDC Copela@mparedwith 2015CDC Copeland
Barley Quality Malting Performance Brewing Performance
Slightly shorter conversion
T Similargrain moisture 1 Similar wateruptake and time
1 Significantlydwer protein more advanced growth of Slightly longer time to clear
content acrospires during lautering
1 Comparableggermination 1 Significantly higher friability Slightly longer lautering
energy withstrongerwater and higher extract yield time
sensitivity 1 Similar levels of enzymes Comparable brewhouse
1 Higherthousand kernel 1 Conparable soluble protein efficiency
weight and higher but higher FAN Significantly lower (lighter)
plumpness {1 Significantly lower malt beta wort and beer colour
{1 Significantly higher RVA glucan Significantly greater
values suggesting a better attenuation limit
storability Significantlyjower foam
stability
Significantly greater final
beer alcohol concentration
2016 crop AAC Synerggomparedwith 2015AAC Synergy
Barley Quality Malting Performance Brewing Performance
Comparableconversion time
1 Highergrain moisture Slower wateruptake and Slightlylongertime to clear
content comparablegrowth of during lautering
1 Significantly lowr protein acrospires Shorterlautering time
content Significantly lgher friability Significantly greater
1 Significantly lower and higher extract yield brewhouse efficiency
germinatian energy and Lower levels of enzymes Lower (lighter) wort and
strongerwater sensitivity Lower soluble protein and beer colour
1 Significantly higér thousand FAN Significantly lower
kernel weight and Significantly lower malt attenuation limit
comparable plumpness beta-glucan Lower foam stability
1 LowerRVA values suggestin Slightly lower final beer
poorer storability alcadhol concentration
“
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2016 crop Bentleycomparedwith 2015Bentley)
Barley Quality Malting Performance | Brewing Performance
{1 Shorterconversion time
f Samegrain moisture and 1 Significantly slower water | 1 Slightly quicketime to
slightly higher protein content uptake and fastegrowth of clearduring lautering
1 Higher germination energy witl acrospires {1 Significantly shorter
similar water sensitivity Significantly fgher friability lauteringtime
1 Similarthousand kernel weight and lower extract yield 71 Significantly greater
andhigherplumpness f Similarlevels of enzymes brewhouse efficiency
T Significantly higher RVA value| ¢  Similarsoluble protein and | T Compaable wort colour
suggesting bettestorability lower FAN and higher (darker) beer
1 Significantly highebeta- colour
glucan content . Comparablettenuation
limit
1 Significantly lower foam
stability
1 Significantlyhigherfinal
beer alcohol
concentration
2016 crop Legacfcomparedwith 2015Legacy
Barley Quality Malting Performance | Brewing Performance
1 Significantly longer
1 Significantly lghergrain 1 Significany slowerwater- conversion time
moisture and slightly loer uptake and more rapid 1 Slightlylonger time to clearn
protein content growth of acrospires 1 Longer lautering time
T Lower germination energy with| §  Lower friability and similar| 1 Significantijower
similar water sensitivity extract yield brewhouse efficiency
T Lower thousand kernel weight | § Lower levels of enzymes | 1 Comparablevort colour
and plumpness 1 Lowersoluble protein and and significantly lower
¢ Similar RVA values suggesting FAN (lighter) final beer colour
similarstorability 1 Significantly highebeta- T Significantly lower
glucan content attenuation limit
1 Significantlyjjower foam
stability
1 Significantlylower final
beer alcohotoncentration
N
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2016 crop AAC Conneftompared2015AAC Connegt
Barley Quality Malting Performance | Brewing Performance
1 Slightly shorter
1 Significantly higher grain 9 Slightly faster wateuptake conversion time
moisture and slightly higher and slower growth of {1 Similar time to clear
protein content acrospires {1 Shorter lautering time
1 Significantly lowegermination | §  Similar friability and 1 Significantly higher
energy with stronger water comparable extract yield brewhouse efficiency
sensitivity . Higher levels of enzymes 1 Higher wortcolour
T Lower thousand kernel weight| ¢  Sjightly higher soluble 1 Significantly lower
and lower plumpness protein and higher FAN attenuation limit
T Significantly lower RVA values q  Higher betaglucan content | T Significantly lower foam
suggesting poorer storability stability
1 Slightly lower final beer
alcohol concentration
2
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CMBTC 2016 Crop MALTING BARLEY QUALITY
ASSESSMENT

Introduction

The CMBTC conducted barley analysis, pilot scale malting and brewing trial2@liéxcrop
barley sanples of AC Metcalé, CDC CopelandAC SynergyBentleyand Legacyprovidedby
Richardson International, Viterra IndRrairie Malt Ltd,Canada MaltingMalteurop, Rahr
Malting Canada_td and the Integrated GrainsThese2016 crop barley samples were collected
from Albata, Saskatchewamand Manitoba To some extent, these barley samples reftaet
quality of the selectablemalting barley of 2016 crop that are available to the customers of
Canadian malting barleyn addition the CMBTQ@onducted barley analysis, pilotae malting
and brewing trialon barleysamples 02016 cropAAC Connegprovided byCANTERRA SEEDS
Please note thathe CMBTC wasot involved in the selection of any bérley samples.

1. Barley Quality Analysis

Quality of the 2016 cropbarley samplesvas examined prior to the malting trials, and the test
results are summarized inTables 11 through 1.6. Please note the testesultswere generated
from a single test except for germination.

AC Metcalfebarley samples from the 2016 crop showed, on averagegptable grain moisture
content, good protein contentand good germination energybut exhibited significant water
sensitivity. Additionally the barley showed very good thousand kernel weight and plumpness
(Table 1.1)AC Metcalfdbarley samples from the 2016 harvedsoshowedsomestaining

Table 1.1. Analysis of 2016 crop barley sample&\@f Metcalfereceived atthe CMBTC

< < EW| 5§ © Sizing, %
2016 Crop ) | 85| &85 g RVA
AC Metcalfe 2 g | EE|EE| ool S0 3 o
2| 2|85 85| 8<| 98| v
= o | O O] S Nao | ND
B-16-044 133 | 12.0 | 950 | 755 | 464 | 946 | 4.3 14
B-16-105 105 | 11.4 | 99.0 | 715 | 453 | 917 | 6.2 29
B-16-125 10.1 | 12.2 | 90.0 | 62.0 | 443 | 927 | 6.8 49
B-16-126 115 | 12.0 | 955 | 67.0 | 482 | 972 | 25 91
B-16-127 12.9 | 10.3 | 985 | 80.5 | 48.6 | 940 | 3.6 20
Average of 2016 crop (n=5) | 11.66 | 11.58 | 95.6 | 71.3 | 46.6 | 94.0 | 4.7 | 406
Std Dev 142 | 078 | 36 | 72 | 18 | 21 1.8 | 311
Average of 2015 crop (n=9) 11.6 12.8 95.1 82.9 45.4 92.86 5.34 61
Average of 2014 cron=13) 11.7 12.1 95.5 7.7 45.6 92.92 5.46 71.8 %
@
o
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RVA values for these samples were significantly lower than the desired \veh (is>100).
Please note that for the five 2016 oy AC Metcalfe barley samples that wetested, no
samples reported RVA values higher than 1@ RVA valuesuggested thathese barley
samples hd suffered from preharvest sprouting; therefore, a decase in germination energy
during longterm storage could be expected from the 2016 cAp Metcalfe.

In comparison with 2015 cro2016 crop AC Metcalféarley on average showed similg
grain moisture content, significantly lower protein content and slightly higher germing
energy with significantly stronger water sensitivithhousandkernel weight and plumpnes
for 2016 crop AC Metcalfe waggnificantly higer thanthe 2015 crop. HoweverRVA walues
were significantly lower than the average for 2015 crop AC Metcalfe

CDC Copelandbarley samples from the 2016 harvest exhibited acceptable grain moisture
content, good protein content, and good germination energyt with significant water
sensitivity. In addition, the new crop barley samples exhibited very good thousand kernel
weight ard plumpness (Table 1.2RVA valuesf the 2016 crop tended to be better than last
year with two ofthree 2016 crop CDC Copelabdrley sampleseporting RVA values higher
than 100. CDC Copelanbdarley samples from the 2016 harvest showed noticeaigs of
staining.

Table 1.2. Analysis of 2016 crop barley sample€bBIC Copelanegkceived atthe CMBTC

o\oh °\° Sizing, %

2016 Cro °\° L é < -§ < E
CcDC CopF()aIand = 5 _é c!z _g E . - - RVA

@ 2 E=| E£| Qo] 26¢| &8

2| £ 35| 8s|8¢| %8| ne
B-16-064 12.0 12.0 97.0 85.5 47.1 92.2 6.0 107
B-16-110 13.2 10.5 98.0 86.0 47.0 92.9 5.9 37
B-16-128 13.8 11.1 98.5 79.0 53.3 96.5 2.3 126
Average of 2016 13.00 | 11.20 | 97.83 | 83.50 | 49.13 | 93.87 4,73 90
Std Dev 0.92 0.75 0.76 3.91 3.61 2.31 2.11 47
Average of 2015 (n=7) 11.0 12.1 96.6 86.1 475 | 9259 | 5.72 63.8
Average of 2014n=8) 13.1 11.1 93.9 76.3 471 | 9456 | 3.98 42.4
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In comparison with the 2015 crop CDC Copeland, on ave2@@é crop CDC Copelar
barley showed significantly higher grain moisture content, significantly lower pro
content, significantly higher germination energy and stronger watarsitivity. In addition,
thousand kernel weight and plumpness for 2016 crop CDC Copeland were slightly
than the 2015 crop average. RVA values for 2016 crop CDC Copeland were sign
higher than the 2015 crop average.

AAC Synergyparley sample®f 2016crop showed significant variations in grain moisture and
germination energy (Table 1.3). Two out of the three samples showed moisture marginally
KAIKSNI GKIFy GKS fS@St F2N) al¥S ad283h@Bd 0Xmo ¢
ASNYAYFGAZ2Y SySNHeé& f2¢SN) (Kladd aN#djtdeeNsBniplesT 2 NJ Y
exhibited water sensitivityHowever all the sampleshowedacceptableprotein content, @od

thousand kernel weght and very good plumpnesslote that all the AAC Synergy samples

showed very low RVA values, which suggesteg had suffered from preharvest sproutingAs

a resultpoor storabilty could be expected from 2018AC Syngy barley with low RVA values.

Tablel.3. Analysis of 2016rop barley samples oAAC Synergyeceived at CMBTC

o\oh °\° Sizing, %

2016 Cro °\° N é < -§ < E
AAC Syngrgy ° 5 g i g il 8 = = RVA

@ 2 E=| E£| Qo] 2¢| &8

2| £ | 85| 8| 8| 28| 58
B-16-045 13.8 | 109 | 980 | 915 | 513 | 96.8 | 2.2 42
B-16219 138 | 116 | 920 | 745 | 509 | 96.6 | 2.4 40
B-16215 127 | 96 | 990 | 875 | 485 | 975 | 16 71
Average of 2016 (n=3) | 13.43 | 10.70 | 96.3 | 845 | 502 | 970 | 21 | 51.0
Std Dev 064 | 101 | 38 | 89 | 15 | 05 | 04 | 173
Average of 2015 (n=4) 11.85 11.95 98.63 91.00 47.58 95.91 3.04 54.75
Average of 2014 (n=1) 10 11.4 93.0 73.0 48.49 96.0 2.60 33

In comparison with the 2015 cropAC Synergy, on averagél6 crop AAC Synerdparley
showed significantly higher grain moisture content, significantly lower protein cont
significantly lower germination energy and stronger water sensitivity. Thousand k
weight and plumpness for 2016 crop AAC Synergy were higher than the 2015 iy
values for 2016 crop AAC Synergy were slightly lower than the 2015 crop.

Bentley barley sample of 2016 crop showed normal appearance and exhibited no noticeablg%

signs of mould infection or severe staininghe Bentley barley sample showed moisture s
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contSy i gAGKAY GKS NBIldZANSR Nry3aS F2NJ alr¥S adz2N
content, good germination energy with insignificant water sensitivity, very good thousand

kernel weight and plumpness (Table 1.4). This barley showed very goodaRMA&, which

suggested that it did not experee preharvest sproutingtherefor, good storability could be

expected from this 2016 crop Bentley barley.

Table 1.4 Analysis of 2016rop barley samplef Bentleyreceived at the CMBTC

In comparison with the 2015 crop Bentle2016 crop Bentleybarley sample showeq
comparable grain moisture content, slightly higher protein content, significantly hig
germination energy, comparable water sensitivity, similar thousand kernel weight
higher plumpnessas well significantly highé®VA value.

The CMBTCGCeceived onelegacybarley sample from th016 harvestwhich showed normal
appearance and exhibited no noticeabsésgns of mould infectionThe barley samplehad

moisture contenthigher than thatNB lj dzA NER F2NJ al FS aid2N)F 3IS 0 Xmo
and very good germination energy but with significant water sensitivity (Table 1.6). In addition,

this barley sample showed good thousand kernel weight and very good plumpitee$dvA

value was |l which suggested thait has suffered some prbarvest sprouting damage.

Therefore some decrease in germination during a Hergn storage could be expected.

Table 1.6. Analysis of 2016 crop barley sampléefacyeceived atthe CMBTC
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In comparison t02015 the 2016 crop Legacharley sampleshowed significantlyhigher
grain moisture content, lower protein content, lower germination energy and compar
water sensitivity. Itdhousandkernelweightand plumpness were lowehan the 2015 crop

AAC Connecbarley samples of 2016 crop showed normal appearance and exhibited no
noticeablesigns ofmold infection or stainingThe barley samples showed acceptable moisture
content, acceptable protein contentas well asvery good thousand kernel weight and
plumpness (Table 1.5).0ne sample showed very goagermination however the other had
ASNXYAYFGA2Y SySNHeE 2SN GKFy fS@St NBIjdzAi NBR
strong water sensitivity. The twACConnectbarley samples showed very low RV&ues,

which suggested thehad experienced preéharvestsprouting therefor, poor storability could

be expected from the 2016 crop AAC Connect barley with low RVA values.

Table 1.5 Analysis of 2016 crop barley samplef AAC Connect received at the GVIC

S S Sizing, %

2016 Crop s | s | E.| BT
AAC Connect ) - g § & Y o RVA

5 c £ c £ c 2 e oY

@ 2 E=| E=lga| 58 58

o o ) o Y SR Z I B ST

= a oL | o8| S%
B-16-122 11.8 11.8 98.5 67.5 45.3 94.2 5.2 82
B-16-123 10.8 12.4 93.0 68.5 50.6 90.4 8.5 5
Average of 2016 (n=2) | 11.3 12.1 95.8 68.0 48.0 92.3 6.9 43.5
Std Dev 0.7 0.4 3.9 0.7 3.7 2.7 2.3 54.4
Average of 201§n=3) 10.1 11.7 98.3 96.0 50.6 96.8 2.30 110

In comparison with the 2015 crop AAC Conn&il6 crop Connecbarley on averagg
showed significantly higher grain moisture content, slightly higher protein cont
significantly lower germination energy, signifitly strong water sensitivitypwer thousand
kernel weight and lower plumpness, as well significalotlyer RVA values.
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Pilot Malting Trials

Pilot malting triat were conducted with 2016&op barley samplesAC Metcalfe, CDC Copeland,

AAC Synergy, BentleAAC Conneetnd LegacyDepending on the quantity of the barley

samples received dhe CMBTC, one or multiple pilot maig trials on each of these barley

varieties were conducted usite/ a. ¢/ Q&4 LAt 20 YIfGAy3 80kl SYa
of cleaned barley. The malting trial results are reportedables 2.1 through 2.12

respedively.

AC Metcalfe

In the malting trials, under the processing conditions given in Box 2.1 these 2016 crop AC
Metcalfe barley samples did not show any processing difficulties. At the end of steep, the barley
samples obtained satisfactory steg@pt moistue content and ahieved very good chitting rate
(Table 2.1). During germination, AC Metcalfe barley samples showed normal growth of
acrospires and good modification progress.

Box 2.1. Malting conditions used f@rocessing AC Metcalfearley samplesof 2016crop

AC Metcalfe

STEEPING CYCLES
42.5 hours (6 hrs Wet 13 hrs Dry- 9 hrs Wet-14 hrs Dry- 0.5 hr Wet) at 15°C

GERMINATION CONDITIONS
Day 1 @ 15°C, Day 2, Day 3 @ 14.5°C & Day 4 @ 14.0°C

KILNING CONDITIONS
A 21-hour cycle with a 4hour curing phase at 82°C

In comparison with the 2016rop averageon average, 2016rop AC Metcalfe barleghowed
slightly lower steepput moisture content than the 2015 crop trial average. However,
considering the 2016 new crop sampMsre processed using a short steeping cycle (4.5 hrs
shorter than that used for processing last year crop) the actual waéaike rate for the new

crop would be faster than the 2015 crop. The new crop AC Metcalfe also obtained a slightly
lower chittingrate than the 2015 crop at the end of steep. During germination, these 2016 AC
Metcalfe samples showed good growth of acrospires, which were more advanced than 2015
crop AC Metcalfe.
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Table2.1. Steepout moisture content, chitting rate and growtlprofile of acrospires for 2016
AC Metcalfe barley samples

2016 crop AC Metcalfe (n35

Steepout moisture, % (average)

42.99¢ 45.34 (44.)

95.0-100(97.0

Chitting rate, % (average

Acrospire growth

Process Time 0-Y4 (%) YaYo (%) Y>%4 (%) Yl (%) >1(%)
96 hours 0.0 0.0 5.0 59.0 36.0
2015 crop AC Metcalfe (n=7)
Steepout moisture (%) Chitting rate (%)
43.38 96.42
Acrospire growth
Process Time 0-Y4 (%) Yo (%) Y>%4 (%) Yrl (%) >1 (%)
96 hours 0 0 4.3 80 15.7

Complete malt analysis was carried out for the pilot malting trials with the 2016 crop AC
Metcalfe barley samples, and the analytical results for the trials are given in Table 2.2. For
comparison, the table also includes the average analysis of AC Mettallfe generated from

the pilot-malting trials carried out athe CMBTC with the 2015 and 2014 crop AC Metcalfe
barley samples.

Table2.2. Malt Analysis for 206 crop AC Metcalfe barley samples

Quality

Sarameter Azé)}\feg;?e 2015QS | 2014 QS
Mean (n=5) | Mean (n=7) | Mean (n=3)
Friability, % 83.02 72.7 82.6
Fineextract, % 81.94 80.9 81.3
F/C Difference, % 0.80 1.03 0.8
Soluble protein, % 5.56 5.27 5.48
Total protein, % 11.49 12.66 12.4
Kolbach Index, % 48.34 41.6 44.0
BetaGlucan, ppm 151 158 120
Diastatic power, L 150 156 154
a-Amylase, D.U. 79.54 82.6 60.4
Wort colour, ASB( 2.80 2.34 2.30
Fan, mg/L 241.2 220 216 %
g
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Malting Summary

1 General modification:Under the given process conditions, 2016 crop AC Metcalfe
samples produced malts witkatisfactory overall quality. The values for friability, F/C
difference, and soluble protein and betgucan content suggested that these 2016
crop AC Metcalfe barley samples producedtshalith acceptable modification.

91 Extract yield and enzyme level§he malts produced from 2016 crop AC Metcalfe
samples exhibited very good extract yield, on average, the extract yield was
significantly higher than the 2@lcrop average and slightly higher thiédne 2014 crop
average. The malts dewgled goodevels of emymes; the diastatic power was lower
than both the 2015 and 2014 crop averages, while ghamylase was significantly
lower than the 2015 crop average but higher than 2014 crop average.

1 Soluble protein, free amino nitrogen (FAN) and malt colodie maltsproduced
from 2016 crop AC Metcalfe samples exhibited good protein solubilisation. On
average, the soluble protein was slightly higher than the 2@i8 2014 crop
average, but the Kolbach Indexvas significantlyhigher overall The malts also
developed dequate levels of FAMat were significantly higher than the 2015 and
2014 crop averages. Malt colour for 2016 crop AC Metcalfe was good, which was
significantly higher than 2015 and 2014 crop averages.

1 Comments on the malting processlo difficulties during the malting process were
recorded for the 2016 crop AC Metcalfe barley samples. They were processed under
the normal processing conditions used at the CMBTC for quality evaluation of
Canadian twerow malting barley. However, speciattention should be given to
processing conditions that affect malt beggucan content and excessive growth of
acrospiresAt steep, steeput moisture of 4445% and over 85% of chitting rate are
the targets. The steeping cycle should consist of twchoed wet periods at 145°C.

In germination, avoid a high temperature and excessive watering to control the
growth of acrospires and protein breakdown. In kilning a lower curing temperature
(80-82°C) should be considered to avoid excessive malt color famma
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CDC Copeland

In the malting trials, 206 crop CDC Copeland barley samples did not show any processing
difficulties under the processing conditions given in Box.2@2DQCopeland barley samples
obtained satisfactory steeput moisture content and excellent chitting raée the end of steep
(Table2.3). During germinationCopeland barlegamples showed good growth of acrospires.

Box 22. Malting conditions used foprocessing CDC Copelabarley samplesf 2016crop

CDC Copeland

STEEPING CYCLES
41.25 hours (7 hrs Wetl2 hrs Dry 10 hrs Wet12 hrs Dry0.25 hr Wet) at 15°C

GERMINATION CONDITIONS
Day 1 @ 15°C, Day 2, Day 3 @ 14.5°C & Day 4 @ 14.0°C

KILNING CONDITIONS
A 21-hour cycle with a 4hour curing phase at 82

In comparison withlthe 2015 crop CDC Copeland samples, on averages 20op CDC Copeland
barley displayed slightlglower water uptake andhigher chitting rate at the end of steep.
During germination, 206 crop CDC Copeland barley showgdwth of acrospires but more
advanced thar2016 crop CDC Copeland.

Table2.3. Steepout moisture content, chitting rate and growth profile of acrospires of 201
crop CDCCopeland barley samples

2016 Crop CDC Copeland (n=3)
Steepout moisture, %dverage Chitting rate, % (average)
41.94-44.79(43.56) 90-100 (96.67
Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0.00 0.00 0.00 61.67 38.33
2015 crop CDC Copeland (n=5)
Steepout moisture (%) Chitting rate (%)
44.3 95
Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0 0 13 66 21

Complete malt analysis was carried out for the pilot malting trials, and the analytical results f

these trials are given in Table 2.4. For comparison, the table also includes the average ma
o
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analysis of CDC Copeland malting trials carried otheaCMBI'C with the 2015 and 2014 crop
CDC Copeland barley samples.

Table2.4. Malt analysis for 20& CDC Copeland barley samples

2016 New Crop| 2015 Crop 2014 QS
Parameter CDC Copeland
Mean (n=3) Mean (n5) | Mean (n=2)

Friability, % 94.57 76.7 83.2
Fineextract, % 81.53 80.4 81.5
F/C Difference, % 0.57 1.2 1.25
Soluble protein, % 5.12 5.05 4.89
Total protein, % 10.97 12.09 10.98
Kolbach Index, % 46.67 41.8 44.6
BetaGlucan, ppm 82.67 211 226
Diastatic power, L 133 134 107
a-Amylase, D.U. 63.6 61.7 40.1
Wort colour, ASBC 2.29 2.42 2.49
Fan, mg/L 215 208 205

Malting Summary

1 General modification:The values for friability, F/C difference, soluble protein and beta
glucan content suggested that these 2016 crop CDC Copeland barley samples produced
malts with very good modification, though some variations in oVvenabdification
between the sample were recorded.

1 Extract yield and enzyme level$he malts produced from the 2016 crop CDC Copeland
samples exhibited good extract yield; on average, the extract yield was significantly
higher than the 2015 cropveragebut comparable to 2014 crop averagehe2016 crop
Copeland malts developed good levels of enzymes; their diastatic power was similar to
the 2015 crop average but significantly higher than the 2014 crop average; while their
a-amylase levels were close to 2015 crop average and significagtigrithan the 2014
crop average.

1 Soluble protein, freeamino nitrogen (FAN) and maltobour: The malts produced from
2016 crop CDC Copeland samples exhibited good protein modification, on average,
their soluble protein was slightly higher than the 2015 and 2014 crops averages, while
their Kolbach Index were significantly higher. To some exteatwias due to the lower
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barley protein for 2016 crop Copelanthe malts also developed adequate levels of
FAN, which were significantly higher than the 2015 and 2014 crop awverbtpt
colour for 2016 crop CDC Copeland was good, on average, the e@ewomparable

to the samples of last two crop years.

1 Comments on the malting proces®uring the malting process, no difficulties were
recorded for 2016 crop CDC Copeland barley samples. 2016 crop CDC Copeland barley
can be processed under the normal pessing conditions for Canadian tw@v
malting barley. Steeput moisture of 4445% and over 85% chitting rate are the
targets. The steeping cycle should consist of two or three wet periods-a463@. In
germination, avoid high temperature and excessivatering to control acrospires
growth and protein breakdown. In kilning the curing temperature can be similar to
those used for AC Metcalfe (82°C).

AAC Synergy

In the malting trials under the given procesing conditions given in Box 2.3016 crop AAC
Synergybarleydid not show any processing difficulties. At the end of steep, the barley sample
obtained satisfactory stp-out moisture content of 45 % arl excellent chitting rate of 97%
(Table 2.5 During gerrimation, AAC Synerg@arley showed normal growth of acrospires and
good progress of modification.

Box2.3. Malting conditions used for processinlgAC Synergy of 2016 op

AAC Synergy
STEEPING CYCLES
42.25hours (8 hraNet - 13 hrs Dry 8 hrs Wet-13 hrs Dry-0.25hr Wet) at 14°C

GERMINATION CONDITIONS
Day 1 & Day 2 @ 14.5°C, Day 3 & Day 4 @ 15°C

KILNING CONDITIONS
A 21-hour cycle with a 4our curing phase at 82

In comparison witithe 2015 crop, 2A6 cropAAC Synergglisplayed slower wateuptake and
lower chitting rate at the end of steep, but showadore advancedyrowth of acrospires during
germination.
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Table2.5. Steepout moisture content, chitting rate and growth profile of acrospires for 201
crop AAC Synergparley sample

2016 crop AAC Synergy (n=3)

Steepout moisture, % (average)

Chitting rate (%)

42.25¢ 43.20 (42.58) 96.67
Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0.00 0.00 3.33 73.33 23.33
2015 crop AAC Synergy (n=2)
Steepout moisture (%) Chittingrate (%)
44.79 98.3
Acrospire growth
Process Time 0-Ya (%) Yo (%) Y2¥a (%) Y1 (%) >1 (%)
96 hours 0.00 0.00 1.67 73.33 25.00

Complete malt anlgsis was carried ouor the pilot malting tria$, and theanalyticd results are
given in Table 2.6~orcomparison, the table also includes the average maltyamslof the pilot
malting trialconducted bythe CMBTC with th@015 and2014 crop AAC Synergy sangple

Table2.6. Malt analysis for 206 new cropAAC Synergparley sample

2016Crop 2015 Crop | 2014 Crop
Parameter
Mean (n=3) | Mean ((=2) | Mean (h=1)
Friability, % 93.3 85.2 73.7
Fineextract, % 82.6 82.1 81.2
F/C Difference, % 0.7 0.6 1.4
Soluble protein, % 5.25 5.57 4.57
Total protein, % 10.15 11.86 11.46
Kolbach Index, % 51.8 47.10 39.9
BetaGlucan, ppm 100 64 358
Diastatic power, L 116 136 124
a-Amylase, D.U. 70.6 72.2 54.2
Wort colour, ASBC 2.61 2.43 1.78
Fan, mg/L 219 247 166 N~
3
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Malting Summary
1 General modification: Under the gien process conditions, the 20I8op AAC Synergy
barley produced mals with very good modification as indicated by the values for
friability, F/C difference, soluble protein and begaican content.

1 Extract yield and enzyme level§he 2016 crop AAC Synergy malts showed very goc
extract yield, which assignificantly higheboth the 2015and 2014 crop average3he
2016crop mals developedgood levels of enzymethe DPwas lower than the 2015 and
2014 crop averages, while treamylase was comparable to 2015 crop but significanth
higher than 2014crop AAC Synergy.

1 Soluble protein, free amino nitrogen (FAN) and malt colodie mals produced from
2016 crop AAC Synerggxhibited god protein solubilisation;on averageits soluble
protein wasslightlylower than 2015 crogput comparable to the 2014 crop, howevés
Kolbachindex was significantlgigher thanboth the 2015and 2014crops. The malt also
developed adequate levels of RAwhich were significantly lower than the 20&®p but
significantly higher than 2014 qvo Malt colour for 2016crop AAC Synergyas good,
which wasslightly lower than 2015 crop but significantly higher than 2014 crop

1 Comments on the malting proces#t steeping, target a steeput moisture content of
43-44% and over 85% chitting rate. Téteeping cycle should consist of 2 or 3 wet periods
at 1416°C. In germination avoid high temperature and excessive watering to conti
growth of acrospires and protein breakdown. In kilning a lower curing temperature (8
82°C) should be considered to ay@xcessive malt color formation.
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Bentley
In the trial, this 201@&rop Bentley barley sample did not show any processing difficultider
the conditions given in Box 2.4

Box2.4. Malting conditions used for processingentleybarley sampleof 2016crop

Bentley

STEEPING CYCLES
44 hours (8 hrs Wet 13 hrs Dry- 9 hrs Wet-13 hrs Dry1 hr Wet) at 18C

GERMINATION CONDITIONS
Day 1 &ay 2 @ 15°C, Day 3 & Day 4 @ 15.5

KILNING CONDITIONS
A 21-hour cycle with a 4our curing phase at 82

At the end of steep, it obtained satisfactory speout moisture content of 40.886 and a
chitting rate of 80% (Table 2.9). During germination, this barley sample showed normal growth
of acrospires and good progress of modification.

Table2.7. Steepout moisture content, chitting rate and growth profile of acrospires for 2601
crop Bentleybarley sample

2016crop Bentley (n=1)
Steepout moisture (%) Chitting rate (%)
40.88 80
Acrospire growth
Process Time 0-Ya4 (%) Yalo (%0) Y>¥4 (%) Yrl (%) >1 (%)
96 hours 0 0 5 65 30
2015 crop Bentley (n=1)
Steepout moisture (%) Chittingrate (%)
44.75 95
Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0 0 5 70 25

In comparison withthe 2015 crop, 206 crop Bentleydisplayedsignificantlyslower water up
take andsignificantly lowerchitting rate at the end of steep. During germination, thislB@rop
barley sampleshowedmore advancedrowth of acrospiregshan the2015 crop Bentley

Complete malt analysis was carried out for the pilot malting trial, and the acalyesults for

the trial is given in Table 2.8~or comparison, the table also includes the average malt analysigy)
of the pilotmalting trials conducted bthe CMBTC with th@015 and2014 crop Bentley barley v
samples. E

Quality

1365303 Main Street A Winni pe g, Telddronei204d®4at,3 9Ca Aa PHal-5BR20 43 G7 A
Emai | cmbtc@cmbtc.com A Website www.cmbtc.co

nour Nature



(7 CIMBTG
L@ b » 2016 Malting Barley Crop Quality Assessment i Final

NADIAN MALTING BARLEY TECHNICAL CEN|

Table2.8. Malt analysis for 206 new cropBentleybarley sample

Parameter 2016 cop 2015 cop 2014 crop
Mean (n=1) | Mean(n=1) | Mean (n=3)
Friability, % 90.6 75.1
Fineextract, % 83.7 81l.1
F/C Difference, % 1.3 1.1
Soluble protein, % 4.75 5.09
Total protein, % 9.18 11.53
Kolbachindex, % 51.7 44.1
BetaGlucan, ppm 229 231
Diastatic power, L 133 129
a-Amylase, D.U. 70.4 48.3
Wort colour, ASBC 1.99 2.93
Fan, mg/L 202 205

Malting Summary
1 General modification: Under the given process conditions, this 2016 crop Bentley
produced malt with acceptable modification as indicated by the values for friability, F/C
difference and soluble protein, however, some further modification is needed to lower
its betaglucan cotent.

1 Extract yield and enzyme levelén comparison with the trial results of 2015 crop, the
malt produced from the 2016 crop Bentley sample exhibited significantly higher extract
yield and developed good levels of enzymes. Its DP was slightly than that in&e 20
and 2014 crop sample, whiiks a-amylase was significantly higher than the last two
years.

9 Soluble protein, free amino nitrogen (FAN) and malt colodihe malt produced from
2016 crop Bentley sample exhibit good protein solubilisatianits soluble protein was
comparable tathe 2015crop butlower thanthe 2014 crop while it&olbach Indexvas
significantly higher than the last two crop yeddsie to low total protein). The malt also
developed adequate levels of FAN, which were lower than the 2015 crop samgle
comparable to the 2014 cropgMalt colour for 2015 crop Bentley was good, which was
slightly higher than the 2015 crop samjtlet significantly lower than the 2014 crop

1 Comments on the malting procesAt steeping, target a steeput moisture content of
44-45% and over 85% chitting rate. The steeping cycle should consist of 2 or 3 wet

Pagezo

1365303 Main Street A Winni pe g, Telddronei204d®4at,3 9Ca Aa PHal-5BR20 43 G7 A
. Email cmbtc@mbtc.com A Website www.cmbtc.co
Quality

is in our nature



CANA

uuuuuuuuuuuuuuuuuuuuuuuuu

periods at 1416°C. In germination avoid high temperature and excessive watering to
control growth of acrospires and protein breakdown. In kilning a lower curing
temperature (8082°C) should be considered to avagcessive malt color formation.
Please note that under the given conditions, the 2016 crop sample did not obtain the
targeted steepout moisture, which might contribute the high malt beggucan content.

AACConnect

In the triak, 2016 crop AAC Connédxdrley sampledid not show any processing difficulties. At
the end of steep, the barley sample obtained satisfactoryegteut moisture content of 45%
and an excellent chitting rate of 10® (Table 2.9). Duringermination, this barleyshowed

2016 Malting Barley Crop Quality Assessment i Final

normal growth of acrospires and good progress of modification.

Box2.5. Malting conditions used for processing 2016 AAC Conreop

AAC Connect

STEEPING CYCLES

42 hours (6 hrs Wetl3hrs Dry-9 hrs Wet-14 hrsDry) at 18C

GERMINATION CONDITIONS
Day 1 & Dag, Day3 @ 14T, &Day 4 @ 14K

KILNING CONDITIONS

A 21-hour cycle with a 4our curing phase at 82

In comparison witlthe 2015 crop, 246 cropAAC Connedlispayed comparable water upke
and chitting rate at the end of steep. During germination, thid@@rop barley samplshowed

less advancedrowth of acrospireghan 2015 crop AAC Connect

Table2.9. Steepout moisture content, chitting rate and growth profile of acrospires for 201
crop Bentleybarley sample

Quality

2016 crop AAC Connect (n=2)
Steepout moisture (%) Chitting rate (%)
45.0 100
Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0.0 0.0 2.5 80.0 17.5
2015 crop AAConnect (=3)
Steepout moisture (%) Chitting rate (%)
445 100
Acrospire gowth
Process Time 0-Y4 (%) Yala (%) Y2Ya (%) ¥+l (%) >1 (%) —
96 hours 0.0 0.0 3.3 68.3 28.3 C\%,
o
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Complete malt analysis was carried out for the pilot malting triak, and the analytical results

for the trials are given in Table 2.10. For comparison, the table also includes the average malt
analysis of the piletnalting trials conducted byhe CMBTC with the 201&rop AAC Connect
barley samples.

Table2.10.Malt analysis for 206 new cropAAC Connedbarley sample

Parameter 2016 Crop 2015 crop
Mean (n=2) | Mean (n=3)
Friability, % 86.9 86.9
Fineextract, % 82.4 82.6
F/C Difference, % 0.9 0.9
Soluble protein, % 5.71 5.67
Total protein, % 11.27 12.12
Kolbach Index, % 50.7 46.90
BetaGlucan, ppm 134 122
Diastatic power, L 150 144
a-Amylase, D.U. 84.1 72.3
Wort colour, ASBC 2.62 2.25
Fan, mg/L 237 228

Malting Summary
Overall modification Under the given proces®ondtions, 2016 crop AAC Conngurbduced
malts with very goodnodification as indicated by the good values for friability, F/C difference,
soluble protein content and betglucan content. Compared to the 2015 crop AAC Connect,
2016 crop AC Connect malts showed comparathgree of modification.

Extract yield and azyme levels The 2016 crop AAC Connect produced malts with very good
extract yield, which was slightly lower than the 2015 crop AAC Connect. The 2016 crop malts
developed adequate levels of enzymbsth the diastatic power and alphamylase were
signifi@antly higher the 2015 crop.

Soluble protein, free amino nitrogen (FAN) and malt caldhe 2016 crop AAC Connect malts
exhibited good protein modification; the soluble proteiras comparable to 2015 crop, while
Kolbach Index were higher th&915 crop. ie malts developed good malt color, which was
slightly higher than the 2015 crop. In additi@f16 cropAAC Connect malts showed adequate
levels of FAN, thievels werehigher than 2015 crop AAC Connect.
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Comments on the malting processomeoptimization on the processing conditions is needed,
though AAC Connect barley produced malting with acceptable quality, howevi€gliitach
Index was significantly higher than the desired.

Legacy

Legacywas the only sixowed barleyvarietyincluded n the new cropquality evaluation Under

the given processingonditions(Box2.6), this 2016 crop Legacybarley samplalid not show any
processing difficulties. At the end of steep, th@btained satisfactory steeput moisture 41.7

% and good chitting rate of 85% (Table2.12). During germination, this barley sampé@dowed

goodgrowth of acrospires.

Box2.6. Malting conditions used for processirigegacy of 2016rop

Legacy

STEEPING CYCLES
42 hours (8 hrs Wet 12 hrsDry- 10 hrs Wet 10 hrsDry- 2 hrs Wet) at 15C

GERMINATION CONDITIONS
Day 1 & Day 2 @ 16, Day 3 @515C, Dayt @ 168C

KILNING CONDITIONS
A 21-hour cycle with a 4our curing phase at 82°

In comparison wittihe trial of 2015 crop Legacybarley samples2016 crop Legacysample
showedsignificantly slowr water up-take andlower chitting rate atthe end ofsteep. During
germination thisLegacyparley sampleshowedmore evengrowth of acrospires than the 261
cropLegacyaverage

Table 2.11 Steepout moisture content, chitting rate and growt profile of acrospires for
2016 crop Legacybarley sample

2016 crop Legacy (n=1)
Steepout moisture (%) Chitting rate (%)
41.74 85
Acrospire growth
Process Time 0-Ya (%) Yo (%) Y>%a (%) Y1 (%) >1(%)
96 hours 0 0 5 35 60
2015 crop Legacy (n=1)
Steepout moisture (%) Chitting rate (%) 8
43.5 100 >
o
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Acrospire growth
Process Time 0-Y4 (%) YaY2 (%) Y24 (%) Yl (%) >1 (%)
96 hours 0 0 15 75 10

Complee malt analysis for this pilot malting trial given in Table€2.12 For comparison, the
table also includes the average malt analysikefacymalting triak carriedout at CMBTC with
2015cropLegacypbarley sample

Table2.12 Malt analysis for 206 new crop Legacy barley sample
2015New Crop 2015Crop
Parameter

(n=1) (n=1)
Friability, % 73.3 81.3
Fineextract, % 79.2 79.0
F/C Difference, % 0.7 0.2
Soluble protein, % 5.15 5.77
Total protein, % 11.68 12.26
Kolbach Index, % 44.1 47.1
BetaGlucan, ppm 487 200
Diastatic power, L 170 194
a-Amylase, D.U. 76.3 71.9
Wort colour, ASBC 2.60 2.67
Fan, mg/L 225 266

Malting Summary
1 General modification: Under the gien process conditions, this 201&op Legacy
produced underrmodified malt as indicated bylow friability and high betalucan
content though itsF/C difference andoluble proteinwere acceptable. This suggested
Some further modification was needed to lower beaflican content

1 Extract yield and enzyme levelén comparisa with the trial of 2015crop Legacy the
malt producedfrom the 2016 crop Lega®@xhibitedcomparableextractyield. The malt
developed goodevels ¢ enzymes; its D®Was lower than the 2015 crop, while its
amylase wasigherthan in2015crop.
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1 Soluble protein, free amino nitrogen (FAN) and malt colodhe maltproduced from
2016 crop Legacyample exhibited good protein solubilisati; its ®luble protein was
slightly lower than the 2018&rop, while itsKolbach Indexvas significantly lowerThe
malt also developed adequate levels of FAN, which veggaificantly lover than the

2015 crop. Mdt colour for 2016crop Legacyarley wasgood, which was comparabh®
2015crop.

1 Comments on the malting processome optimization on the processing conditions is
needed, under the given conditions, the Legacy barley produced malt with unbalance
quality. The malt had extremely high malt begaican content, but its extract yield,
soluble protein and enzymes were sdfictory.
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PILOT BREWING TRIALS

AC Metcalfe, CDC Copeland, AAC Synergy, Bentley, Legacy and AAC Caltséctnmthe
pilot malting trials were brewed ithe CMBTCs 250L Pilot Brewery. The following are the
brewing and fermentation conditions for the pilot brewing trials:

1) 100% all malt brewvith water to malt ratio of 3.75:1

HO al &K AYWAWIdziy K/2T RAIA G SYLISNI G dzZNS  NFmin&t& | 4 m
K2f R O0A2RAYS O2y@SNEBA2Y (GSad SOSNE Ynylezi SOT
hold. Transfer mash to lauter tun with 25L underlet water.

3) 10minute rest in lauter tun followed by a vorlauf (wort clarification) until wort clarity

reading is less than 100 FTU. First wort collected into kettle followed by a hot water sparge of
GKS 3INIAY O0SR dzaAy3 wmup[ 2F ol 6t 4G 1T/ G2

4) Boil for 90 minutes with 9% evaporation rate. Hop additions of Nugget at O minutes into boil
time and Mt. Hood at 85 minutes into boil time.

5) Cooled wortto 12aC, pitched with lager yeast at 1.25 million cells per ml. Fermented at
13.54C until 6P, then increased to B85 until finish. Cooled tdaC for 7 days.

6) Filtered through a 1 pm pad filter system, carbonated to 2.5 volumesS@ed 2 days at
1eC, packaged and pasteurized to 15 PU

Pilot Brewing Trials with AC Metcalfe
AC Metcalfe brewing results are given in Tables 3.1 through 3.4.

Table 3.1. Brewhouse observations for AC Metcalfe pilot brewing trials.

Conversion time (min. 12 12 17
Time to clear (min.) 6 7 7
Lautering time (min.) 49 45 41

Brewhouse efficiency (¢ 87.5 88.5 87.9
Wort pH 5.32 5.37 5.38
Wort Colour (SRM) 3.99 5.57 491
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The2016 crop AC Metcalfemalt recordeda comparableaverageconversion time tharthe 2015

crop AC Metcalfe (Table 3.1).aukring time was slightly longer than the last two years.

Average wort color was significantly lower in the 2016 crop Metcalfe ifsgorevious twacrop

years. Average wort pH was comparable to tsb yeasOMetcalfe average2016 crop AC

Metcalfe average time to clear was good andnuparable to its previous twWO NB LJ & S| NI 3
averages. Lautering time was comparablétsoprevious twoONR L) € S NBE Q | gSNI 3S3
efficiency was also good and lower than l@s6 I NQ& ONR L) | GSNI IS o

Table 3.2. AC Metcalfe wort sugar concentrations (g/L).

Maltotetraose 2.55 2.76 3.00
Maltotriose 14.07 13.95 14.06
Maltose 57.71 58.00 61.36
Glucose 14.27 12.62 13.24
Fructose 2.43 191 3.01

Normal and generally comparable wort sugar spectra were recorded for all the samples (Table
3.2). The 2016 crop AC Metcalfe recorded slightly lower levels of unfermentable Maltotetraose
than the average of the 2015 crop AC Metcalfe wort samples.

Table 3.3. AC Metcalfe fermentation observations.

Attenuation Limit (% 85.3* 85.0 89.2
*Yeast withan overall lower attenuation than the yeast used for previous crop years was utilized for attenuation
limit testing.

Average attenuation limibf the 2016 AC Metcalfevort wascomparable tathe 2015 crop year

AC Metcalfe average (Table 3.3lthough, 1 should be noted that the yeast used for
attenuation limit testing was known to have a lower overall attenuation compared to the yeast

dza SR FT2NJ LINS@A2dza ONRL) @SIFNR&a FaaGSydz2rdAaz2y (Sa
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Table 3.4. AC MetcalfBnal beer analysis.

A CANADIAN MALTING BARLEY TECHNICAL CENTRE

™

2016 Malting Barley Crop Quality Assessment i Final

Apparent Ext. (Platc 1.87 151 1.37
Real Ext. (Plato) 3.71 3.43 3.27
Alcohol (v/v %) 5.05 5.26 5.20

Color (ASBC) 3.19 4.82 3.99
pH 4.38 4.35 4.25
Foam (NIBEM) 222 269 144

The 2016 crop AC Metcalfe produced beer witacceptablequality (Table 3.4). Final average
beer colour for 2@6 crop AC Metcalfe beer wasignificantly lower (lighterjhan its previous
two crop year averages.

Trueness to Type _— 5

Oxi

dation

“—_ Sulphurs

Sourness

__— Esters

Sweetness

Palate . Maltiness
Bitterness . | Diacetyl
Flavour Intensity "Phenols

Figure 1 Average 2016 AC Metcalbeerorganoleptic properties.

Rating Scale

0 Lesx
0 Lesx
0 Lesx
0 Lesx
0 Lesx
0 Lesx

OXIDATION More 10
Diacetyt More 10
Phenols More 10
Esters More 10
Sulfurs More 10

0 Less Pleasanrt Palate More Pleasant 10

0 Lesx Bitterness More 10
0 Lessc Sweetness More 10
0 Less< Sourness More 10

0 Lesx Maltiness More 10

Flavour Intensity More 10
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The 2016crop AC Metcalfeaveragebeer scored satisfactorily overall with no major defects
apparent during sensory analysis (Figure 1).

Pilot BrewingTrials with CDC Copeland
CDC Copeland brewing results are given in Tables 3.5 through 3.8.

Table 3.5. Brewhouse observations f&DC Copelangilot brewing trials.

Conversion time (min.) 14 16 35
Time to clear (min.) 7 5 13
Lautering time (min.) 49 46 46
Brewhouse efficiency (9 87.7 87.3 71.3
Wort pH 5.40 5.51 5.28
Wort Colour (SRM) 3.85 6.26 5.06

The 2016 crop CDC Copelandverages showed a shorteonversion timeand longer time to

clearthani KS LINB OA 2 dza ONZR L) @eL&uednm@time wad Slipkitlyddbgedtiiah 6 f S ¢
the last two yearsBrewhouse efficiency was also comparable to the 2015 crop CDC Copeland
average. Average wort pH was cpanable than the averages of th@evious twocrop years.

2016 CDC Copeland average wort color was significantly lower than its previous three crop
averages.

Table 3.6 CDC Copelangort sugar concentrations (g/L).

Maltotetraose 2.09 2.74 5.13
Maltotriose 13.43 14.55 18.71
Maltose 57.03 55.61 72.61
Glucose 13.13 12.05 13.84
Fructose 3.68 2.86 1.67

The 2016 crop CDC Copeland exhibited slightly higher levels of fermentable sugars as well as a

significantly lower concentration of unfermentable maltotetraose sugars compared to the 201%,
crop CDC Copeland average (Table 3.6). N

(@]
©
o
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Table 3.7CDC Copelan@rmentation observations

Attenuation Limit (% 89.1* 84.0 88.3
*Yeast with an overall lower attenuation than the yeast used for previous crop years was ublizattienuation
limit testing.

Average attenuation limibf the 2016 CDC Copeland wort samplesssignificantly greater

than its previous twaCDC Copelan@ NB LJ & S| NE Q | OAthaugh,3§ dhoutdibé 6t S o
noted that the yeast used for attenuatiolimit testing was known to have a lower overall
FGdSydz- A2y O2YLI NBR (2 GKS &SFad dzaSR F2NJ LN

Table 3.8. Beer analysis f@DC Copelanorewing trials

Apparent Ext. (Platg 1.58 1.72 1.70
Real Ext. (Plato) 3.42 3.40 3.53
Alcohol (v/v %) 5.05 4.60 5.01

Color (ASBC) 3.08 5.13 2.95
pH 4.39 4.42 4.44
Foam (NIBEM) 163 257 181

The 2A6 crop CDC Copeland samples produced beer ithignificantly lower (lighter) final
average beer colour than th2015 crop CDC Copeland average (Table 3.8162trop CDC
Copelandeershadcomparableaverage pHreadings2 f I ad &SI NR& ONRL) | @S

During sensory analysjsthe beer produced from the 201@&rop CDC Copeland wort was
considerednormal with nodefects (Figure Below).
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Figure 2. Average 2016 CDC Copelbedr organoleptic properties.

Rating Scale
0 Less< OXIDATION More 10

0 Less Diacetyt More 10
0 Less< Phenols More 10
0 Less< Esters More 10
0 Less< Sulfurs More 10

0 Less Pleasart Palate More Pleasant 10
0 Less Bitterness More 10

0 Less< Sweetness More 10

0 Less< Sourness More 10

0 Less¢< Maltinesss More 10

0 Less«

Flavourintensity- More 10

Pilot Brewing Trials with AAC Synergy

AAC Synergy brewing results are given in Tables 3.9 through 3.12.

Table 39. Brewhouse observations fohAC Synergpilot brewing trials

Conversion time (min.) 12 12 15
Time to clear (min.) 9 8 8
Lautering time (min.) 43 47 49
Brewhouse efficiency (Y 89.6 88.1 88.2
Wort pH 5.31 5.35 5.38 a
Wort Colour (SRM) 4.34 5.43 4.19 g
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The 2016 crop AAC Synergghowed average conversion time, average time to clear and
average pH values which were comparable to the 2015 crop AAC Synergy dVaitzlge3.9)

Average lautering time was shorter than last two crop years.

Brewhouse efficiency was sifjnantly greater in the 2016 cropverage than its previous two
8SIFNEQ ONRLI | gSNF ISad ! gSNI IS 62NI O2f 2NJ ¢t &
2015 crop.

Table 3.10AAC Synergwort sugar concentrations (g/L).

Maltotetraose 2.72 2.35 2.13
Maltotriose 15.49 18.67 14.16
Maltose 58.44 60.65 63.03
Glucose 14.11 13.57 11.49
Fructose 2.20 2.10 1.35

The 2016 crop AAC Synergy exhibited slightly lower levels of total fermentable sugars and a
slightly greater concentration of unfermentable maltotetraose sugar compared to the 2015
crop AAC Synergy average (Table 3.10).

Table 3.11AAC Synergfermentation observations.

Attenuation Limit (% 86.2* 91.1 89.3

*Yeast with an overall lower attenuation than the yeast used for previous crop yearsitiliasd for attenuation
limit testing.

Average attenuation limiof the wort samples assignificantly lower in th2016 AAC Synergy
ONR L) F @SN IS (KIFIYy AGa LINE@A 21d)Althdugh2i sholdPoe) & ST N
noted that the yeast usedor attenuation limit testing was known to have a lower overall
FGGSydz- A2y O2YLI NBR G2 (GKS @SIkad dzaSR ¥F2NJ LN

Table 3.12. Beer analysis f&AC Synerglrewing trials.

Apparent Ext. (Platq 1.98 1.23 1.36
Real Ext. (Plato) 3.85 3.18 3.26

Pagegz

Quality

1365303 Main Street A Winnipeg,Telddronei20408a,3 9Qa rAa Bat-s®20 43 G7 A
Emai | cmbtc@cmbtc.com A Website www.cmbtc.co

isinour Nature



™

CANADIAN MALTING BARLEY TECHNICAL CENTRE

2016 Malting Barley Crop Quality Assessment i Final

Alcohol (v/v %) 5.14 5.34 5.21
Color (ASBC) 3.33 6.36 3.42
pH 4.57 4.38 4.37
Foam (NIBEM) 192 260 148

The 2a6 crop AAC Synergy samples produced beer wathower averagefinal alcohol
concentration tharthe 2015crop AAC Synerggverage. (Table 3.1Zinal average beer colour
for 2016 crop AAC Synergy wassgnificantly lower (lighterjhan both the 2015 and2014 crop
AAC Synergy averagesl13@rop AAC Synerglyeershad a higher average piHan its previous

062 &dpaidrages.

Oxidation
. 61—
Trueness to Type _— 5 — Sulphurs
Palate 3> Maltiness
2 .
T\
Bitterness | —{ ::G +— .\ Diacetyl
Flavourlntensity.' / R N . ' Phenols
Sourness __— Esters

Sweetness

Figure 3. Average 2016 AAC Syndrggr organoleptic properties.

Rating Scale
0 Lessk OXIDATION More 10

0 Lessc Diacetyt More 10

0 Lesx Phenols More 10

0 Lesx Esters More 10

0 Less< Sulfurs More 10

0 Lesx Flavour Intensity More 10

0 Less Pleasanrt Palate More Pleasant 10

0 Less« Bitterness More 10
0 Lesx Sweetness More 10
0 Lesx Sourness More 10

0 Less< Maltiness More 10

During sensory analysishe beer produced from the 201@&rop CDC Copeland wort was
consideredhormal with nodefects (Figure 3).
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Pilot Brewing Trials with Bentley

Bentley brewing results are given in Tables 3.13 through 3.16.

Table 3.13Brewhouse observations foBentleypilot brewing trials

2016 Malting Barley Crop Quality Assessment i Final

Conversion time (min.) 10 13 14
Time to clear (min.) 7 8 12
Lautering time (min.) 43 54 46
Brewhouse efficiency (9 88.7 86.4 87.1
Wort pH 5.24 5.26 5.13
Wort Colour (SRM) 4.15 3.86 5.89

The 2016 crop Bentley showed a shorter conversion time, time to clear and lautering time
compared to its 2015 and 2014 averagéable 3.13)Average lauteringime was shorter than

its two-previous® S| NN & Adddddardble iwiriScolour and greater brewhouse efficiency
was observed in the 2016 crop Bentley compared to its 2015 and 2014 crop averages.

Table 3.14Bentleywort sugar concentrations (g/L)

Maltotetraose 2.38 2.59 3.96
Maltotriose 15.57 13.77 14.48
Maltose 64.94 56.54 53.52
Glucose 13.62 12.48 13.20
Fructose 2.44 2.90 2.00

The 2016 crop Bentley exhibitedgaeater concentration of total wib sugars with significantly
higher concentrations of fermentable maltose anghltotriose sugars compared with its 2015
and 2014 crop averageélTable 3.14) As well, a lower concentration of unfermentable
maltotetraose suges was observed in the 2016 crop Bentley wort compared with its 2015 and

2014 crop wort averages.
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Table 3.15Bentleyfermentation observations

Attenuation Limit (% 86.3* 85.8 88.1

*Yeast with an overall lower attenuation than the yeast used for previous crop years was utilized for attenuation
limit testing.

Average attenuation limibf the 2016 Bentley wort sampleasgslightly greaterthan the 2015
Bentleycrop year averagé€Table 3.15)Although, 1 should be noted that the yeast used for
attenuation limit testing was known to have a lower overall attenuation compared to the yeast

dzZa SR T2NJ LINB@A2dza ONRLI @SIFNXRa |dGSydz A2y GSa

Table 3.16. Beer analysior Bentleybrewing trials

Apparent Ext. (Platc 1.86 1.70 1.67
Real Ext. (Plato) 3.92 3.52 3.53
Alcohol (viv %) 5.71 5.0 5.09

Color (ASBC) 3.28 4.6 5.26
pH 4.57 4.33 4.45
Foam (NIBEM) 209 253 172

Compared with its previous two crop year averagée, 2016 crop Bentley sample produced
beer with a significantly higher concentration of alcohol and highe(Tatle 3.16). A higher pH
and lower (lighter) colour were alsibserved in the 2016 crop Bentley beer.

During sensory analysishe 206 crop Bentley beerwas considerechormal without major
defects (Figure Below).
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Figure 4. Average 2016 Bentlbger organoleptic properties.

Rating Scale

0 Lesx OXIDATION More 10
0 Lesx Diacetyt More 10

0 Less Phenols More 10

0 Lessc Esters More 10

0 Less¢ Sulfurs More 10

0 Lesx

Pilot Brewing Trials with Legacy

Flavour Intensity More 10

0 Less Pleasanrt Palate More Pleasant 10
0 Lesx Bitterness More 10

0 Less< Sweetness More 10

0 Less< Sourness More 10

0 Lesx Maltiness More 10

Legacy brewing results are given in Tal8e&l through 3.2.. Note that only the 2015 crop
Legacy average was used for comparison.

Table 3.21 Brewhouse observations fdcegacypilot brewing trial

Conversion time (min.) 18 10
Time to clear (min.) 11 9
Lautering time (min.) 51 45
Brewhouse efficiency (¢ 85.9 87.8
Wort pH 5.36 5.33 ©
Wort Colour (SRM) 4.34 4.85 O%
&
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In the brewhouse the 2016 cropLegacy maltecordeda significantljongeraverage conversion
time than its previousrop yearaverage (Table 3.21The average time for wort to clear to less
than 100 FTU in lauteringf the 2016 crop Legacy was longer than the 2015 crop average, while
the average lautering time was slightly longéhe2016 crop Legacyshowedsignificantly lower
brewhouse efficiencythan the 2015 average Its averagewort pH and wort colour were
comparable to it2015 averages.

Table3.22 Legacy wort sugar concentrations (g/L).

Maltotetraose 2.64 3.32
Maltotriose 12.92 15.45
Maltose 55.36 60.63
Glucose 12.56 15.34

Fructose 2.16 2.99

Lower concentrations of total sugars were observed in the 2016 Legacy crop compared with the
2015 Legacy crop average (TaBl23. Overall, comparable average wort sugar spectra were
recorded for the 2016 and 2015 Legacy crop.

Table 323. CDC Legacy feentation observations.

Attenuation Limit (% 83.6* 91.2

*Yeast with an overall lower attenuation than the yeast used for previous crop years was utilized for attenuation
limit testing.

The 2016 crop Legacyhad a significantly lower attenuation limithan the 2015 crop Legacy
average(Table 323). Although, 1 should be noted that the yeast used for attenuation limit
testing was known to have a lower overall attenuation compared to the yeast useddaops
ONRPL) @8SIFNRa FaGdSydzriazy (SaidAiay3ao

Table 3.2. Beer analysis foLegacyorewing trials.

Apparent Ext. (Platd 191 1.20
Real Ext. (Plato) 3.65 3.10
Alcohol (viv %) 4.75 5.21
Color (ASBC) 3.42 5.42

pH 4.39 4.31 0'3

Foam (NIBEM) 196 252 g
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The 206 crop Legacy samples produced beer wihhigher final apparent extract and lower
final alcohol concentration than th2015crop Legacy average (Table&.ZFinal average beer
colourfor the 2016 crop Legacy wakwer (lighter)thanthe 2015crop Legacy average.

Trueness to Type _——

Oxidation
- Sulphurs

Sourness

Palate Maltiness
Bitterness ¢ | Diacetyl
Flavour Intensity - "Phenols

. __— Esters

Sweetness

Figure 5. Average 2016 Legdmser organoleptic properties.

Rating Scale
0 Less< OXIDATION More 10

0 Less« Diacetyt More 10

0 Less Phenols More 10

0 Less< Esters More 10

0 Lesx Sulfurs More 10

0 Less« Flavour Intensity More 10

0 Less Pleasanrt Palatee More Pleasant 10
0 Less¢ Bitterness More 10

0 Less< Sweetness More 10

0 Less Sourness More 10

0 Lesx Maltinesss More 10

During sensory analysithe 20L6 crop Legacy beewas considerechormal without any major

defects (Figure 5).
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Pilot Brewing Trials with AAC Connect
AAC Connect brewing results are given in Tables 3.17 through 3.20.

Table 3.17. Brewhouse observations for AAC Connect pilot brewing trials

Conversion time (min. 9 12
Time to clear (min.) 8 7
Lautering time (min.) 46 49

Brewhouse efficiency (9 86.0 72.5
Wort pH 5.29 5.39
Wort Colour (SRM) 5.50 4.50

In the brewhousethe 2016 AAC Connect malts did not exhibit any processing difficulties (Table
3.17). The 2016 crop AAC Connentaveragesdisplayed a quick conversion time agdod
Lautering timeand a satisfactory time to cleawhich were comparable to 2015 crop. \ert

pH was lower than 2015 crop, while its color was significantly higher. In addition, 2016 crop
AAC Connect showed significantly higher brewhouse efficiency than the 2015 crop.

Table 3.18. AAC Connect wort sugar concentrations (g/L).

Maltotetraose 2.33 2.59
Maltotriose 13.97 14.58
Maltose 55.31 56.98
Glucose 13.40 14.86
Fructose 2.36 2.09

A normal average wort sugar spectrum was recorded from the 2016 crop AAC Coamesct
(Table 3.18). The worts exhibited a lower concentration of total wort sugars with significantly
lower concentrations of fermentable maltose and maltotriose sugars compared with its 2015
crop average. As well, a lower concentration of unfermentabldtotetraose sugars was
observed in the 2016 crop Connect wort compared with its 2015 crop wort averages.
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Table 3.19. AAC Connect fermentation observations.

Attenuation Limit (% 85.8 91.1

*Yeast with an overall lower attenuation than the yeast used for previous crop years was ublizattienuation
limit testing.

Average attenuation limibf the 2016 AAC Connect wort samplassgignificantly lowerthan

the 2015 crop year averagd@able 3.19)Although, 1 should be noted that the yeast used for
attenuation limit testing was known to have a lower overall attenuation compared to the yeast

dzZa SR T2NJ LINB@A2dza ONRLI 8SIFNRa |GdGSydz GAz2y GSa

Table 3.20Final beer analysis for AAC Connbecgwing trials.

Apparent Ext. (Platc 1.76 1.28
Real Ext. (Plato) 3.62 3.20
Alcohol (viv %) 5.10 5.28

Color (ASBC) 4.56 5.10
pH 4.39 4.46
Foam (NIBEM) 216 268

The 2A.6 crop AAC Connect produced beer wihceptableguality (Table 3.20).

Compared with its 2015 crop year averagig 2016 crop AAC Connect sample produced beer
with a significantly lower concentration of alcoh@able3.20). A lower pH and significantly
lower (lighter) colour were also observed in the 2016 crop Connect beer.
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Figure 5 Average 2016 AAC Conndeter organoleptic properties.

Rating Scale

0 Lesx OXIDATION More 10 0 Less Pleasanrt Palate More Pleasant 10
0 Lessc Diacetyt More 10 0 Lessc Bitterness More 10

0 Less< Phenols More 10 0 Lessc< Sweetness More 10

0 Less< Esters More 10 0 Less< Sourness More 10

0 Lesx Sulfurs More 10 0 Lesx Maltiness More 10

0 Lessc Flavour Intensity More 10

The 2016crop AAC Connecaveragebeer scored satisfactorily overall with no major defects
apparent (Figure 5). Slight bitterness and flavour intensity were observed.

For more information, please contact CMBTC.:

Peter Watts

Managing Director

Tel: (204) 983981

Email: pwatts@cmbtc.com

Yueshu Li
Director of Malting & Brewing Operations
Tel: (204) 989561

Email: yli@cmbtc.com

Fax:204-984-5843
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Glossary

Attenuation limit Attenuation limit or Fermentability is important in that it is a measure of the amount
of beer that can be produced from the original malt; the higher the better.

Brewhouse material efficiencyBrewhousematerial efficiency is a metric to determine the ease of
obtaining the extract from the mash.

Conversion time Conversion time is a metric that is important for the brewer in regards to the
economics of his brewhouse. Longer conversion times could &@nghto higher operating costs in
more energy requirement, higher labour costs or decreased capacity. Conversion time is related to the
enzyme content of the malt, and can be manipulated by changing malt: water ratio and temperature.

Attenuation limit A measure of the fermentability or amount of beer that can be produced from the
original malt. Typically, a higher value is desired.

Runoff time Time to complete the runoff is a metric that is important for the brewer in regards to the
economics of his lewhouse. Longer times could translate into higher operating costs in more energy
requirement, higher labour costs or decreased capacity. Runoff time is related to thegloetn
content of the malt as well as the friability and milling of the malt.

Timeto clear Time required for the wort to clear is a metric that is important for the brewer in regards
to the economics of his brewhouse as well as the quality of the finished beer. Most brewers want clear
wort, it provides better quality beer and alsodls for better capacity utilization in fermentation. The
time to obtain wort that is clear (less than 100 FTU) is therefore related to capacity and manpower
utilization.

Wort color. Most international brewers are looking for a lower pale colour to bevderifrom the mailt,
so the lower the better.

Wort pH Wort pH is related to beer flavour stability, the higher the pH the more flavour stable the beer
is through time. However, the pH cannot be too high or else the possibility of flavour changes and
microhiological infection can occur.
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