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SUMMARY

I. Project name

Development of brewing technology for specialty premium beer using domestic regional

six-row barley

II, R&D performance achievements
1. Quantitative achievements

2. Qualitative achievements

III. R&D objectives and necessity

As the production amount of domestic beer increases, amount of imported barley or malt
1s Increasing. It is because the supply of barley produced in Korea is almost absent. This
study attempted to increase the amount of domestic barley used in beer production by
developing technologies to make domestic barley used for producing beer.

Development of beer industry using domestic barley as a raw material means the
development of rural agricultural industries. In beer production, additional materials are
used together with barley, called adjuncts such as rice, corn, wheat, potato, etc. If the
domestic adjuncts are able to be used, it will double economical effect. This R&D is also
expected to be absolutely effective in terms of regional economic vitalizations, job creation,

etc.

IV. R&D outcome

[1st year]
1. A variety of Korean barley were investigated to make malt. The test varieties were
supported by a government research center such as Jasujung barley, Hinchalssal barley,

Dahyang barley, Samgwangchal barley. Jinyang barley was used as a control, which has



been used to make beer. Jinyang 1s two row barley basically different from the test
varieties which are of six row barley, commonly cultivated in Korea. The methods of malt
production and quality test were established through documentary survey. Steeping time,
protein and water contents, germinating power, loss, color, etc. were tested for the final

selection.

2. The malt was used in mashing process. The malt was gelatinized and saccharified
according to a conventional method, producing wort. pH, Brix, reducing sugar amount, free
amino nitrogen amount, total soluble nitrogen amount, viscosity were measured to evaluate
the wort qualities. Filtration time was also measured. Through the tests for malting and

mashing, Dahyang ranked first in terms of the qualities.

3. The wort was used in beer fermentation. The four domestic barley, Jasujung,
Hinchalssal, Dahyang, Samgwangchal, were finally examined in beer qualities as compared
to a control, Jinyang. The density rapidly decreased during primary fermentation, and
gradually decreased during secondary fermentation, indicating alcohol production. Dahyang
was smallest in alcohol production. The final alcohol percent of commercial ale type beer
was closest to Jinyang beer and Dahyang beer. The yeast concentration of Dahyang beer
was almost the same as that of the control. L-value (lightness) decreased during
fermentation. Jasujung beer showed the lowest L-value, and higher a-value (redness).
Hinchalssal was the same in a-value as the control. There were no significant difference
in b-value (vellowness) between the samples. Dahyang beer was the most similar in
b-value to the control. FAN value of Jasujung beer was the highest, but those of
Hinchalssal, Dahyang, Samgwangchal were not significantly different (p>0.05). The sensory
properties of the samples were tested for 13 attributes. Overall Dahyang beer was the
most similar to the control. Dahyang was determined to be the most appropriate for

making beer.

[2nd year]
1. To apply the supplementary treatments to enhance the malting qualities, the selected
variety, Dahyang, were rigorously tested with additional control, Kwangmaeg barley plus

Jinyang. Ultrasonication, an innovative technique, was employed to produce high quality

_10_



malt. Enzyme activity of the malt was primarily considered. As the power and treating
time of ultrasound increased, the enzyme activity increased. Dahyang was pronounced in
the effect of ultrasonication. Microwave was also treated. The enzyme activity also

increased with microwave treatment times.

2. Several innovative techniques were applied to enhance the saccharification of malt
extract. Ultrasonication was employed by varying the strength, treatment time, and
temperature. The quality variables were measured in extraction rate, Brix, reducing sugar,
and FAN (free amino nitrogen). Also several enzymes were treated such as liquefaction
enzyme, mashing enzyme, and viscosity reducing enzyme. The ultrasonication and enzyme
treatment were found to be effective to increase saccharification and facilitate the filtration
performance. In addition, the malt extract was also high pressure-treated, which was found

to be very effective in terms of gelatinization and saccharification.

3. Ultrasonication was applied to beer fermentation. Wort of Dahyang, a selected barley,
was used. The beer qualities were measured such as density, yeast growth, reducing
sugar, color, FAN, and sensory properties. Although they positively increased with
ultrasonication intensity, there existed an optimal condition in terns of ultrasound power
and treatment times. It was because extremely ultrasound-treated beer was inhibited in

yeast activity.

[3rd year]

1. Malting consists of steeping, germination, and Kkilning. Kilning was studied to make the
malt have enhanced flavor and color. Kilning process variables, time and temperature, were
varied. The flavor became stronger as temperature and time increased. The color also
became darker. Particularly the temperature was more effective in the final stage of
kilning. Mild treatments could produce malt having closer quality to Pilsner and Munich

typed malt, whereas strong treatments produced dark and bitter malt.

2. In mashing process, adjuncts such as rice, wheat, corn, and potato, were added. To

facilitate the saccharification, ultrasonication was treated. Ultrasound power and treatment

time, and water temperature were varied. The qualities such as extraction rate, Brix,

_11_



reducing sugar, FAN, etc. were measured. In addition, enzymes such as liquefaction
enzyme, mashing enzyme, and viscosity reducing enzyme, were treated to promote the
saccharification and filtration. The mashing conditions could be optimized to get the more

improved qualities of wort.

3. The beer with malt and several adjuncts could optimally be produced. In fermentation
process, the wort of Dahyang and several adjuncts were used. Yeast growth, FAN,
reducing sugar, density, color, bitterness, foam stability, and sensory properties were tested
for the beer produced under various conditions. Conclusively the beer qualities of rice
adjunct were found to be the best, followed by corn > potato > wheat > control sample

(no use of adjunct).

4. Quality control methods were established. For beer qualities, sensory and
physicochemical properties should be measured. The measurement methods were rigorously
reviewed and documented. Especially the sensory evaluation method was developed to get
more true sensory properties, by using fuzzy reasoning method. For quality control,
equipments, wort, and yeast were considered. Documentation format was given for the

measurement and control records.

_12_
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Table
Table
Table
Table
Table
Table
Table

Table

Table

Table

Table

Table
Table

Table
Table

Table

Table

Table

Table
Table

10.

11.

12.
13.

14.
15.

16.

17.

18.

19.
20.

<% Ad>

Standard steeping and germination condition for manufacturing of green malt
Standard kilning condition for manufacturing of malt
Physicochemical properties and compositions of Korean barley
Duration time (days) after germination at each germination rate of Korean barley
Physicochemical properties and compositions of malts made by Korean barley
Enzyme activities of Korean barley malt according to the germination rate
Mean and standard deviation (S.D.) of physicochemical parameters and
compositions of Korean barley and malt
Mean and standard deviation (S.D.) of enzyme activities (W.K) in Korean barley
malts treated with different ultrasound intensity and treatment time
Changes of enzyme activity in Korean barley malts treated with different
ultrasound conditions

Mean and standard deviation (S.D.) of enzyme activities (W.K) in Korean barley
malts treated with different number of microwave exposures

Enzyme activities of Korean barley malts treated with ultrasound and standard
kilning

Different temperature (C) programing of kilning for the various types of malts
Color changes of various types of malts changing temperature sequences in kiln
operation

Different time (hr) programing of kilning for the various types of malts

Color changes of various types of malts changing time sequences in Kkiln
operation

Physicochemical properties of malting barley, unhulled barley, and hulled barley
about wort qualities

Physicochemical properties of malting barley, unhulled barley, and hulled barley
about beer qualities

Malt, wort, and beer qualities of Korean barley cultivar

Sensory properties of beer of Korean barley cultivar

Loadings of the three first components, eigenvalues and explained variance in
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Table 21.
Table 22.

Table 23.

Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Table 33.

Table 34.

Table 3D5.

Table 36.

Table 37.

Table 38.
Table 39.

principal component analysis

Amount of reducing sugar in filtrate (wort) and filter cake of Dahyang
Physicochemical properties of wort of Dahyang, treated with ultrasound and
enzymes

Effect of ultrasonication of malt on physicochemical properties of wort of
Dahyang

Effect of enzyme (a-amylase) units on saccharification of adjuncts in term of
reducing sugar

Effect of enzyme (amyloglucosidase) units on saccharification of adjuncts in term
of reducing sugar

Wort properties of Dahyang with adjuncts

Effect of enzyme treatments on wort viscosity of Dahyang with adjuncts
Sensory properties of wort of 5 different barleys

Sensory properties of young beer of 5 different barleys from the primary
fermentation

Sensory properties of beer of 5 different barleys from the secondary fermentation
Kinetic change of yeast viability of ultrasound-treated beer of Dahyang
Sensory properties of young beer of Dahyang from the primary fermentation,
treated with ultrasonication

Sensory properties of beer of Dahyang from the secondary fermentation, treated
with ultrasonication

Changes in yeast viability of beer of Dahyang with adjuncts added during
fermentation

Changes in specific gravity of beer of Dahyang with adjuncts added during
fermentation

Colour of beer of Dahyang with adjuncts added

Beer qualities of Dahyang with adjuncts added

Sensory properties of beer with adjuncts added

Sensory evaluation form
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Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

<29 Z#H>

1. Plot of loadings of physicochemical and sensory parameters on the first two factors
(PC1 vs. PC2) obtained from principal component analysis.
2. Plot of loadings of physicochemical and sensory parameters on the first two
factors (PC1 vs. PC2) obtained from principal component analysis.
3. Standard curve for glucose measurement by spectrophometric method.
4. Effect of ultrasound power and temperature on the production of reducing sugar in
wort.
5. Time course of amount of reducing sugar in wort of Dahyang during mashing with
ultrasonication at 400 W.
6. Amount of reducing sugar in wort of Dahyang, treated with enzymes.
7. Effect of enzyme units on the production of reducing sugar in wort of Dahyang.
8. Time course of amount of reducing sugar in wort of Dahyang during mashing with
both ultrasound- and enzyme-treatments.
9. Gelatinization degree of malt at 70°C under high pressure.
10. Microphotographs of malt with iodine-starch reacted, gelatinized at 70" Cunder high
pressure.
11. Amount of reducing sugar in wort of Dahyang, treated with high pressure.
12. Time course of amount of reducing sugar in wort of Dahyang during mashing
under high pressure.
13. Effect of pressure and temperature on amount of reducing sugar in wort of
Dahyang.
14. Effect of ultrasonication and enzyme treatment on amount of reducing sugar in
wort of Dahyang.
15. Effect of enzyme (a—amylase and amyloglucosidase) units on amount of reducing
sugar in wort of Dahyang.
16. Effect of enzyme (a—amylase and amyloglucosidase) units on amount of reducing
sugar in wort of Dahyang with adjuncts (wheat, potato, maize, and rice).
17. Effect of ultrasonication and enzyme (a-amylase and amyloglucosidase) treatments

on amount of reducing sugar in wort of Dahyang with adjuncts (maize, and rice).
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Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

18. Effect of ultrasonication times on amount of reducing sugar in wort of Dahyang
with adjuncts (wheat, potato, maize, and rice).

19. Effect of enzyme (xylanase and B-glucanase) treatments on filtration time for wort
of Dahyang with adjuncts (wheat, potato, maize, and rice).

20. Effect of enzyme (a—amylase, amyloglucosidase, xylanase, and B-glucanase)
treatment on amount of reducing sugar in wort of Dahyang with adjuncts (wheat,
potato, maize, and rice), treated with ultrasound.

21. Kinetic change of specific gravity of 5 different beers.

22. Kinetic change of yeast viability of 5 different beers.

23. Kinetic change of color of 5 different beers.

24. Kinetic change of free amino nitrogen of 5 different beers.

25. Kinetic changes of specific gravity of ultrasound-treated beer of Dahyang.

26. Kinetic change of reducing sugar of ultrasound-treated beer of Dahyang.

27. Kinetic change of color of ultrasound-treated beer of Dahyang.

28. Kinetic change of free amino nitrogen of ultrasound-treated beer of Dahyang.

29. Time course of diacetyl concentration of beer of Dahyang during fermentation.

30. Time course of FAN content of beer of Dahyang with adjuncts added during
fermentation.

31. Time course of glucose content of beer of Dahyang with adjuncts added during

fermentation.
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Table 1. Standard steeping and germination condition for manufacturing of green malt

Step Time (hr) | Temperature (C)

Washing 0.5

Wet steeping 1 6.0 15
Dry steeping 1 13.0 16
Wet steeping 2 85 15
Dry steeping 2 10.5 16
Wet steeping 3 45 15
Germinating 1 24.0 16
Germinating 2 24.0 16
Germinating 3 24.0 16
Germinating 4 24.0 16
Germinating 5 24.0 16

HlEs Ae 3023 45TE #A ¥ 66C7HA 7 5T 2= #3d 2k S7IEEE 4
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Table 2. Standard kilning condition for manufacturing of malt

Step Time (hr) Temperature (C)
Kilning 1 0.5 45
Kilning 2 1.0 50
Kilning 3 2.5 55
Kilning 4 3.5 60
Kilning 5 7.5 63
Kilning 6 3.5 68
Kilning 7 2.5 75
Kilning 8 2.0 78
Kilning 9 1.0 83
Kilning 10 1.0 85
Kilning 11 0.5 70
Kilning 12 1.0 40
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WA el w2 AR dehdth mebd dwe] Sd 54 A et g 632
of wal A Aol b s-paklov, 629 FolMs ZreE Aree] vle] Al Aol
o ¢ oz welr

Table 3. Physicochemical properties and compositions of Korean barley

Percent | Percent
Thousan of of Water Water
Cultiva | Protein | Moisture | d grain | germina | germina | sensitivit | sensitivit
r (%) (%) weight tion tion y at 3 y at 5
() after 3 after 5 | days (%) | days (%)
days days
5 o= 11.5 10.70 43.7 97.3 99.7 0.3 1.0
-TOwW
x| oF 11.8 10.09 43.9 89.0 98.7 -9.0* 0.3
A7
6 16.3 11.27 29.7 79.7 83.3 7.0 6.3
“TOW | x}
A d 2] =1 py 14.7 12.14 26.0 92.3 94.3 7.0 2.3
AR=RS| 12.7 11.46 27.5 91.0 95.7 1.7 2.7
6-row C}SF 12.0 10.69 30.8 98.3 99.7 1.7 2.0
i Abalxk 11.3 10.48 33.2 96.7 98.3 11.7 4.3
W
2ee & o] 13.0 10.46 31.3 100.0 100.0 3.0 2.3

*Negative value of water sensitivity at 3 days of X% is caused by low percent of

germination after 3 days. So it is supposed to as O.

Zwolo]l gafje 9 AW FEHE FAHs] fiE AR dE dyge AE S0
TakR o] EFFH ol & qJof ol AAHE HARE FAsPoen, 1 AE b 19 7
=3

wwole] FA EA A vl Az FUde 99 A7) giv] ol Hols WMEER
FEAHE o 150 WA 200%% KL Ut o] WeolA 7MY B EAYVME BHoAF7] wiol
o = HEle] 7 AFEo TEstE AFe FFEE AolE Hola k. A& 200%°l
SEelE AR 22 W3 wejo) 6w ZHle] A 654E LA, 6329 KT
o] Afele A& 100%] Edsh=d 6 o]do] A8 ¥UTt o& 6x9 AHee] AHg #
of At Y vk ofyg} §oto] A HRk wlg =gthe 3og ol Azt &



54 @S ougth wuols] Azt & HA ¥g A% o] i} YEHE Ao 2

ol A fue] o]l Bao] Hrh SAHIL o] B Eato] FAH AsA P weHo] o
ofubAl Wtk AAZ 62 Wnee muol Ax Y F 5 AFYBE nedd B F

Folel Aol E =AU

Table 4. Duration time (days) after germination at each germination rate of

Korean barley

Germination rate
Cultivar
50% 60% 80% 100% 150% 20096
el 2 2.5 3.5 45 6 6.5
2-TOwW
AN 2 2.5 35 45 6 6.5
A 2 4 5 6.5
6-row
3z 3 4 5 6
A5 g
VAR 3 4 5 6
o}-3F 2 2.5 35 45 6 6.5
6-TOW }
2 AgE 2 2.5 35 45 6 6.5
& ] 2 2.5 35 45 6 6.5

3. watnele] Au Ay BA

7h s 2 U
A 2d Hrtes 9 APS A AFE, Holrg, WE @3 2 oARA FEE WE
A%, Z8 A4 (Kolbach index), Z#] o}d 2] €l (friability), 49718 4399 54 W

& ASBCHS wska, #8, @i §% 54 He AOACH dskel EH s

() A=

22 mmo Az A AAZ §F FFE stellA ALY EobAzl HHol 100HE =H @
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A A Qo]
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Ask sua3e 2490 2GS 24 sholA AMstn Aza wolel
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Wol&(%) = B/A x 100

AolA A = AW A wole] ¥A B = AW F wole] R

-
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(ol

Bt

Ay
ftlo
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(3) W5 T3 R AHAIZE

waAlE ol 50 g& AT FFIH FAVE 7I9Hl = mash beakerdl 3A SFRTE

Zk7} 200 ml¥ ¥ 31 mashing batholl 2Het & X2 338 AJ#gir}, oF 30 & A% $ 45T

oA F-Ago] WAsHH FH g WotE ZhZbe] mash beakere] Wil wwHe& FERgtE 45T
5 <

oA 100 rpmO.2 30 H7F wargdh 30 B A & 2
7} 70C=2 nAEH Z+ZFe] mash beakero] 70C <#/F5 100 ml® A7Fskal 100 rpml = 1
=]

AZE E)b akdin S H7F § 58, 7, 10%°]
1

MES SFe Yol a 001 N lodine §o2 0= vkgS 3Qlste 7|3t}
(Feprzh) 8 Al 5 & 3

beakerdl =715 AASL HE&ES FAZF 450 go]
Hl A~ 2ol funnel® folded filter paper(Schleicher & Schuell 597 1/2)E& o] &3] of3=
gt 7] o 3¥ 100 mlE funnelol] BHA] Ha1 o g 5ol 100 mlek 200 mid w AJ(HS
SA g (o HAIZH

4) F=&

wole] $%&(%)e T Aow A

FE8, as-is (%) = { P (M + 800) }/(100 - P)
2o Al P = WFo F=E8& (% Plato)
= Wolo] i I=F (%)

800 = @3} A Wo} 100 goll AHEE FHAl

FZ4&, dry-basis (%) = (E x 100)/(100 - M)
Ao E = FE&, as-is (%)

= wolo] £E FF (%)
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& Heg AbEdrh

A = 430 nmolA A3 TF %= ZF (10 mm cuvette)

F = 84 u4

(6) =¥ %4 (Kolbach index)

Uk A5E dobo] AAA F HEY Ak FFe) wEM ANT £ Yk

=9 A9 = (Ns x 100)/N
2o A Ns = "Wok(db.)e] 7H&A A4 o (%)
N = #ol(db)e] dda & (%)

(7) Friability
WMol 50 g& ¥ F3t} friability metero] ¥ il 8%-7F 3l A o Ao ol

wol2 Wo} et

Friability (%) = 100 - (2 x A)
Aol A= EAEA G Aol dobdl= Wel FA (g)

(8) &497}
Wol FZ MG dATFe] HE&do 7hgk = AdAHAT WEEAIAES W B-amylase’t A&
maltose® Ha|A 7l T Holols AEZLHS 9ot falog WAAA (0.1 N thiosulphate &Y

o FAol @ WA HAFon FHYS SR

3497} as-is (WK) = (B - S) x factor
E2497}F dry basis (WK) = (D x 100)/(100 - M)
2l B = blankel] 44]¥ 0.1 N thiosulphate & <& (mL),
S = sampled] 449 0.1 N thiosulphate & < #F(mL),

D = 497} as-is (WK), M = Wo}o] F=E3ak (%)
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Friabilit

(%)
90.9
85.4
76.4

Kolba
ch
index
29.5
30.0
35.0

Extract
ion

rate
(dry,%)
72.3
71.7
66.2

color
3.6
3.1
7.7

Wort

o 7

Al ZE
(min/20
0 ml)
39.0
61.0
415

o 7
(min/10
0 ml)
125
20.0
125

protein

(%)
10.7
119
19.8

Malt

Exten
sion
rate
(%)
75.9
725

44
Yield
(%)
2.1
815

Cultivar

abn el o] A

Table 5. Physicochemical properties and compositions of malts made by Korean barley
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Table 6. Enzyme activities of Korean barley malt according to the germination rate

Germination rate
Cultivar
0% 50% 60% 809 10096 15096 200%
SE 66.5 96.6 165.9 208.3 218.6 221.1 216.0
2-TowW
2 ek 66.9 101.9 182.3 241.8 261.6 247.7 279.6
|
a e 61.9 206.2 184.5 159.4 186.3 134.2 0.0
6-row | =
AR 2 3z 75.9 243.5 234.8 225.4 263.6 254.0 350.8
VAR 66.7 204.3 223.3 199.9 211.0 228.1 341.6
t}sf 81.6 160.2 249.3 290.4 313.6 3145 330.9
6-row J
217 o A 67.7 80.2 131.7 160.2 176.5 194.1 199.6
&) m 107.0 138.9 253.6 301.5 324.9 359.6 338.7
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(1) A= G

A ™2 Automatic Micromalting Systems (Phoenix Biosystems Co., Australia)< ©]-8 3}
2 (Steeping) ¥} o} (Germination), ¥l Z(Kilning)9] 3942 o] At e 15Tl A
wet steeping dry steeping& 33| Wshe] dAlst¢l oM, germination® 16TIA & 5At
B g WopAzl F AlZste] AbgsATh MlEE AS 3083 H5TE FAF F, 65CTHA 7
5C9 €% 27 ex ZEwE Ax a7 0o BTAAE o5 Zjens A3 2
A skl AWt Al zE WolE Drum mill (Malt Drum Mill, Jeil Industry Co. Korea)S
o] &3te] 1 mme] H=o® At

(7)) opAl, Wl &

747te) petri dishol 19 24 2T FRHF 45mE 2T AR 109& Aol B
20T} 95% AUGE ol doz AT wobdel A 7247 A3k F wobd Ayl £2 A
AT (RoA). WolE A & walt YA petri dish DL 43N F wold Tge] 42 Al

TH(to}2).

o

=

wobAl(%) = A
Wob&(%) = A + B

Aol A = 7247 A F dold wye] 4

B = 48A17ts B HolAlZl thE Holdk H9e
() s34
Petri disholl o134 245 21 S/RSFE 22 45mlét OmlE ¥l A8 10045 A3 sk

Gl 2% 20T AUlas 95% ojAdoz AAE wolAo|a] 724 7F A3 & zhzh drol st
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(Ah &9 7t
Wol FEZ NS dAge dEE&Ho 7hgk & A BHSAHS w B-amylase’t HAES
maltose®Z E3lA17] & Jolls AEFE o= goog wbAAA (1IN thiosulphate &

om wao] @ WA ARFoEA FHPL Qe

B9} as-is (WK) = (B - S) x factor
297}, dry basis (WK) = (D x 100)/(100 - M)
21l A B = blankel ZAH] % 0.IN thiosulphate & <} =F(mL),
S = sampleo] ZA¥]¥ 0.IN thiosulphate &< % (mL),

D = 3497} as-is (WK), M = Wo}o] =E3tak (%)

Q) ze3 48 AW

2Eshe dop Az Ao Fu FulA AU Astel B BYL FoluA AmsYCh

ANed 25 L 37]19 %9 immersion typed 300 x 150 mm Z7]9¢ Z &3 WA 7 ((F)$A

Z53% AFHE ¥ 18 LY 2ol 225 g9 o= Astd

at

o]  F34(frequency), =53¢  Al7](intensity), 223 ZAE& A|7t(time), =9 %

(temperature) 7} At 2538 Fags LA XAt wEW Heo] wotd 7P Gl 2

F37F 20 kHel 22 20 kHzZ2 1A 3% o

Ao T 7EA ARl 20 Al7|ef AIZHE 2

upet A 1 sAT o] o, 253 A7
2 5,10, 15 #+o2 s

3 8o % 3+ 3 x 3 factorial design®ll
100 W, 300 W, 500 W= stiem, A8 A7t

a9

o
>
i

(4) Microwave A& A

Microwave= Z &3¢} vpxb7hA = wof Az Hdo o] ) 2]akith. Microwaved}t 53}
T 2450 MHz= nAEo] glow, o] oo A&t A9 £ %7t s dAi
o] T3l7F dojd 7t doerm® A O Z microwavedE ZolE WHow AFS
th 1 LY Eo 10 g¢ 99WS A3, microwavedtE 10 237+ Ao Hgst 5 £+ 4
= WAao® Algd 1, 3,5 10 3] microwaved} =% 3= A3
o} A3}
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SUAk 2z wiER Rl Felr el MR 2F, 627 ZEZQ vdFRY 150 s}
A A4S Brrerdv. WA, Uit At glE wopz Aitstr] fdto], 1Abd =] A Y
ol wel 7 WS Alxzskr]el A Ed 62w AR vds AAslen, gy} vl
at7] fste] 2z WER Rl JAFS A e AR Fvet= Ao,

Fol Wade] WojAlnr FEIEH A Fhed g Eo 2 met Aol ¢

Table 7. Mean and standard deviation (S.D.) of physicochemical parameters and

compositions of Korean barley and malt

2oy A o
Barley
Thousand grain

429 + 2.0 39.0 + 1.7 314 + 1.8
weight (g)
Germination rate (%) 96.9 + 1.1 89.0 + 5.0 94.0 + 0.9
Percent of

98.9 + 0.2 98.7 + 0.1 99.7 + 0.1
germination (%)
Moisture (%) 10.7 + 0.4 10.1 + 0.1 10.3 + 0.2
Protein (%) 115 + 2.6 11.8 + 1.3 12.0 + 0.6
Malt
Yield (%) 82.1 £ 0.9 815 + 2.1 80.9 + 1.8
Root length (mm) 759 + 1.3 725 + 1.1 72.8 + 1.4
Malt protein (%) 11.7 + 1.5 11.7 + 1.9 119 + 1.1
friability (%) 909 + 2.1 85.4 + 1.3 85.0 £+ 2.0
Enzyme activity (WK) 295.4 + 8.9 256.6 + 2.0 279.4 + 7.8
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Table 8. Mean and standard deviation (S.D.) of enzyme activities (W.K) in Korean barley

malts treated with different ultrasound intensity and treatment time

100 W 300 W 500 W Control

oy 2954 + 8.9
5 min 3219 = 6.7 335.0 + 5.3 376.6 £+ 6.4

10 min 368.4 £ 7.3 402.2 + 9.2 4835 £ 5.7

15 min 392.6 £ 4.7 470.6 = 1.3 498.0 + 4.3

£IoF 256.6 £ 2.0
5 min 275.2 + 2.6 279.4 £ 2.6 286.6 + 2.3

10 min 285.7 £ 5.6 2956 + 3.8 304.0 £ 6.3

15 min 292.0 £ 2.8 3054 = 2.2 316.6 £ 4.3

Cjsk 279.4 + 7.8
5 min 283.3 £ 5.2 2956 = 2.2 3285 £ 6.7

10 min 292.1 + 6.7 332.0 £ 2.9 3499 + 7.7

15 min 309.0 £ 7.2 3554 + 7.0 370.7 + 8.5

AWE Ftol wEZ Hots] 1Y FRF JSES WFANA Hao FFI = VR
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Table 10. Mean and standard deviation (S.D.) of enzyme activities (W.K) in Korean barley

malts treated with different number of microwave exposures

No. of exposure -0R Xl oF C}sF
Control 295.4 £ 8.9 256.6 + 2.0 279.4 + 7.8
1 301.5 + 2.9 2616 + 1.8 290.3 + 1.9
3 3249 £+ 5.0 267.7 £ 6.5 313.6 + 1.0
5 359.6 £+ 0.2 279.6 £ 5.5 3245 + 0.8
10 368.7 £ 1.3 276.9 + 2.6 330.9 + 0.6

A B 4 9ol Fulng MRy, thegHa BT microwave Aol oA 17
3_, Z7}38be] wel 2977 Z7beke shel & 2= 9l9ltl. dFA W microwave X
g3l 53¢t 103] 9] Afol= Al FF BT 497t 7kl 2A &obA FoA S HolA
= FAt olet A HAAH o E= Table 20014 HZo] &3 AHEg ®Belsdd vsiA= &
297kel F7H7F mmlsitkal & 4 Qlth o] microwavedo] =of tigk Sold ¥ dEek=
microwaved} W317]e] Fut G wE AFAA L w KTl 71T & Urk wEA] Al

T e EATN e o7k FrEd o] o] Fo A olF AT & vk TS XSk

=

#& EFolA microwave Ag|7F EA7EY] FUFE EYSoHE R tE microwave FIHFE
)
=
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maltose® E&|A]7] T JolgEs AEZHS gov galog wAXA (.IN thiosulphate &

om wao] @ WA ARFoEA FHPL Qe

B9} as-is (WK) = (B - S) x factor
297}, dry basis (WK) = (D x 100)/(100 - M)
21l A B = blankel ZAH] % 0.IN thiosulphate & <} =F(mL),
S = sampleo] ZA¥]¥ 0.IN thiosulphate &< % (mL),

D = 3497} as-is (WK), M = Wo}o] =E3tak (%)

“

&

(4) o} A=l

B\

wWolo] Ao Ax}A (Minolta Color and color difference meter, CT-310, Japan)E ©]-& 3} o]

279 L a, b % EH54

Wol F&ole AGF] ARG A F AGAG BSARL W Bramylasert AES

maltose®Z E3lA)1 7] & Jolds AELFS go= foloz wbAxA (1N thiosulphate & Y

o 1

o Bael @ Wt HgFonn Faes S

o

297} as-is (WK) = (B - S) x factor
297}, dry basis (W.K) = (D x 100)/(100 - M)
2ol A B = blanke] ZAH] ¥ 0.IN thiosulphate & < Z(mL),
S = sampleo] A¥®] ¥ 0.IN thiosulphate & < #(mL),

D = 3497} as-is (WK), M = Wo}o] =3zt (%)
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(7) Kiln &7 We] Ws}h (A1)

Kiln 5742 YA S5l AlZbe HaEtA g ozy, ojo] upg wote] Hd Wsts oo}
Bt ole Zv TH(NEFTEA Kiln 1) ¥ wizx Z7]dd AHE 7HAAZ (
= wlx F7)e ARE FAAIZ 348 (Kiln 6), B w2 $7]9 Ahe 512 A (Kiln

Doz WMol Aze: Hopel Ams xA%E Brbakgict

(1) ¥4 Wd4 24 93 Kiln 1% 54

Wol AxE= HW(steeping), ol (germination)®t Wl Z(Kilning) .2 A ys & A=,
TAoR Wz A 2EE HSAI7IH WSt me Ay ol
sAolth wWkA Kiln 349 F8 WaFEes ALY 2

[}

2 % 2%
£ % % gtk @474 ASE Kining®] EF 34 & 29 2k w vl 1762

—

Hgshn BE THOR Wolg Axste] HxtE B A3k g Heh Bk

Table 11. Enzyme activities of Korean barley malts treated with ultrasound and standard

Kilning
o) o
500 W, 15 min 498.0x4.3 400.7£8.5
Control 255.4+8.9 226.6x2.0

o] 497kl control¥ HuSTHH FULEE & 7ke]l vl &S A H=3E & A

mm
o
o
)
B
dlo
i)
Ach
)
g

of =3 A oefe] FF vjaE

o]
Wol, &% Ael Tl RadstE Bages & 5 Uk
)

o
_I

Ll control?]
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(2) Wo} A

BN

ggsts A% Kiln 1

b
ok
ol

(Kiln 2), == Wiz $7]d 255 <Azl ¥4 (Kiln 3), == 4 dA9 225 A

A (Kiln 462 W& Alxzstal wole] Mg Hrietgleon I dytes v 53 2o

Table 12. Different temperature (C) programing of kilning for the various types of malts

Time (hr) Kiln 1 (Control) | Kiln 2 Kiln 3 Kiln 4
0.5 45 45 45 45
1.5 50 55 50 55
4 55 60 55 60
7.5 60 63 60 63
15 63 65 63 65
18.5 68 68 70 70
21 75 75 78 78
23 78 78 83 83
24 83 83 85 85
25 85 85 88 88
25.5 70 70 70 70
26.5 40 40 40 40

Table 13. Color changes of various types of malts changing temperature sequences in Kkiln

operation
L a b Sensory
Kiln 1 101.7£54 -1.6£0.1 7.3£0.2
Kiln 2 104.1£2.6 -1.5x0.3 7.1£0.6 Almost same taste as Kiln 1
Kiln 3 95.1£0.7 -1.6£0.4 7.2x0.7 Stronger bitter taste than Kiln 1
Kiln 4 92.2%+0.3 -1.6x0.4 7.6x0.2 Very deep bitter taste
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H 257} 9%k Kilning &2 Wien typed] #ol&,
L= 2 Z7pA) el wel Pilsner type¥t Munich typed] wolE Aakst 4= At

WEA e TRe) WMol ANS st EFE F49 2E: 244

Table 14. Different time (hr) programing of kilning for the various types of malts

Temperature (C) | Kiln 1 (Control) | Kiln 5 Kiln 6 Kiln 7
45 0.5 0.5 0.5 0.5
50 1.5 1 1.5 1.5
55 4 3.5 4 4
60 7.5 7 7.5 7.5
63 15 14.5 15 15
68 18.5 18 18.5 18.5
75 21 21 20 21.5
78 23 23 22 23.5
83 24 24 23 25
85 25 25 24 26
70 25.5 25.5 25 26.5
40 26.5 26.5 26.5 27.5
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Table 15. Color changes of various types of malts changing time sequences in kiln

operation
L a b Sensory

Kiln 1 101.7£5.4 -1.6£0.1 7.3£0.2
Kiln 5 102.1£0.7 -1.6£0.4 7.210.6 Almost same taste as Kiln 1
Kiln 6 107.2x2.4 -1.5+0.7 7.2£0.5 Less bitter taste than Kiln 1

Very stronger bitter taste than
Kiln 7 97.1+£0.6 -1.4£0.5 7.7£0.7

Kiln 1
9 FolA HZol EFE wlx FAHNA AREE WA AR AlxE EE oo,
Kiln7¢] bgks Aletd, aghd}t bkl A F84 ztol& BolA= dskth vk Ltell A= 9l
A ztolE HAFSleH, vz 27 NS AAAIZD Kinbd wix 7] ARSI
Kiln6oll M= Latel &4, 5 €2 e 7Hx= WotE A 5 Aok 53], Ao a4 A4
e E Fo)el Ae FaA AdA B 2A Uepkt &, wole] A 5he mildslAl e
7] QA W F0 AR gaAE Rel BAHYS &+ Atk wle], AA Ao
2 Wx g F70A7 Kiln7el Late 204 328es & 5 ok ot % Pl A
& F Qo] We Mol WA 2 % e HolE AT + A

ApHo wzel T bx FYRF LEsh MG U] wobs YUY, Ush=

typesl HWFE WE/ AT FHUE WolE 4T 5 U FAL 5 ALk
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1 =2k 62 Wof g3} 7=

7h gk 62 o] st

(1) 8.°f

= HEst &, F ARE AxHY T3 FxUs Rele F2 2 2ol AHgd
o a2y gl AE MFEeE AMEEE 2 29 Bo AHe] dEREE

= ol&ste] WE Alx A4 FUHE AAlse] 6 =S HFEAR o8 ¢ A= VA
S g9l st sk ol fldte] 2 29 1% [WFREGR) ] 6 29 4 F |
ARy (Aegdee, A2gne) ], AR [ FERy(vdry, ggee) ] o s
Azsto] AWAAY, oA, dEAAY BAEE AAsta, FAEAE S T8 By F
Tt AolE HlwEttt. TR A V&Y #E3 279 28 Group (X FHRE,
take g]), Group 24332 R, d#2AH ) Group 3AFFAE )2 YH AT Group 12
Extract(dry basis), Brix, Carbonation®] #7524 5ol =tom™ Group 22 Alcoal, foam
G B A & 5A4e] Astal, Group 32 Malt protein R sour Bt 540 =tk ° T
AN Group 19 WFAZx Aol 7Md ¢t AT sl 6 =21 FF5 5 vdFrert

WE Azel Y 4% A4S hebgeh

(2) xHJE_'_ ul tlo]—\?dj

(7}) Samples
TP ety e R x5 wol 20129 HAE atdA 43d 2zxw wER g A
FrE 1F, 629 ARl AFARRYY, AR 2F, 629 ZEA vgHy, g
1] 2% Tt Bl & 5% ol&sto] WMFEARE A% A9, d3 daE sAH e
WhE Zesklar, 2 ~sle] AW UE 9 A4S 3nkE A Askl T

HbE A A&l

(L) A=y

AL Automatic Micromalting Systems (Phoenix Biosystems Co., Australia)S ©]-83}¢]

A (Steeping) ¥ ol (Germination), Pl #(Kilning) ] 39Al2 A ao] ¥ Acrt AL 15Tl A
5

wet steeping®} dry steeping< 33| HbE-3Fo] A A]3FS 01, germinationS 16 Tl A F
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itk Mz AS 3087 5CE FAF T 65CAHA 2

b AN O, ST/ = =% S7HEREE HAF A2

ol

HEls WolAlZl & AlZsto] ARG
5Ce] 2= 7l 2= S7HEES
A sho] AW F o 16]. A F2E Wol= Drum mill (Malt Drum Mill, Jeil Industry Co.,Korea)
< ol&3ste] 1 mme o2 st

X

g
)l
o
ne
N

| 918 23 ¥ EBC Congress mash®[16, 171& wsrom, 7 WS o352

2ok FA E43 0 mm) Mol 50 g& Amber bottle (SCHOTT DURAN, Germany)ol % il

45T 9 &7 200 mLe} & 412 v} Shaking water bath (BF-46SB, Biofree, Korea)S ©|
C

&3ato] 45ColA 100 rpme.2 3023 F8k Azl ¥ 1T/min®] HE2 258 F< £55 S7t
A A 5 0C7HA ™ 2 % 70T SR/ 100 mLE Hd7bske]l 70CE 418t
WA A o ZEA itk Fer RHW 20CTE BE5S A3la FFRFE HUtetd FAE

450 g2 9 3 FE2 o 3A Noh97 1/2 (Whatman, Germany)S ©]-&3to] o atn, %7
20 mL M&FS A st & Fag APS 98 AL

W3] g gL I3 AHS AR WNFo a-acid TFEFo] 10%<¢! Hallertauer tradition Hop

] & 2tk o] MEs d5 Sl w5 dAAIH

[18]. Wzt ¥ &3 = o5 9 319 AxE fofstr] 93 7] HSE SAH=S 3
<ol v 2] propagation?] 71 & X (Hefeweizen Ale Yeast WLP300, USA)E F+<[19]

3§, S7IAEIE At 12 RS AAT 1A A Ee 212 20CAA 8¢

FAAG ol F 22 RS ] WES WYY F 15T 2mollAM 77 E AlA EAbTbs

=S
@]

o

12}

o
=

g

Q
a

3

jab)

=}

=
o
w
ol
I
I
2
N
oo
o
&

B

e
T
z

AWAY BE A AFS 93 WAF, Wobdl, ol 4 P ASBCHI161 w3k
il

I3t FGrrE 93 AdS 9él Extract drys Pycnometer (SAMDUK, Korea)E ©] &3}1
31, Viscosity Sine-wave vibro viscometer (SV-10, AND, Japan)< ©]-&3}% S, Extract

dry, Viscosity, Free Amino Nitrogen, pH, o3} AJzte] &4 A3 #wHe ASBCHI[16]S w3k
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a1, Total soluble nitrogen< ™5 20 mL¥ 3 mLe T3S Y11 819 Kjeldahl W [20]2
2 ZAskd ok 2ela S dE DNSH[21]e 9fste] A5kt

a4 HrtE Qs A8S 93] v W= Hydrometer (Dackwang, Korea)E ©] &
i, dFE FEve THHS ©]83 Vinometer (Dackwang, Korea)E o]-&3fo] <2131

om vkl =3 [sooctaneS WERE WFe 6N 9k Isooctaned &2 275 nmeol A

o] 3% 3¢l & BUZ(Bitterness Unit = 50XA)S AALgE 5, xpo]E Felste] ERS]

Bt AP 9 BA BA P F Aol 4uyA e ol gstgon, Y addo
2 BT0 AFFHG AR 308 FNA A 299 Fol A s, Feloy, WA
52 meEshel 129 stk w5 §ol9 4% EBC/ASBCILG, 43] F2e) geld wA

:lo
—d

-

SHMNE B 5%9 ARE olgdtel AFAE BAL AAtgom, AR FF7 o
@ AR AR Aol AUl WE el BEU220e o gee] 49L AASAT. B

Sour(03), Sweet(04), Carbonation(05)9] Z== AHegtt}t. v EAl 67}A &= Aromatic(T1),
Cereal(T2), Sour(T3), Sweet(T4), Bitter(T5), Carbonation(T6)2] == Ae]stt}. J<t =
54 Carbonation(MD) ] Z== el slgt 542 Carbonation(Al)9] ZEZ A<
ok Zb gole tigk WAL 0710 M oA FqE Heg FAlste]l 4o gk xfolo] A7
=2 B7rskd

& Y

(A}) Statistical analysis
Zy Algel gk Aol 0059 F% FolA BAHEA (Analysis of variance,

ANOVA)stS om, ZAME 2w SAAE = SAEA Z2739d MINITAB (Registered
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Table 16. Physicochemical properties of malting barley, unhulled barley, and hulled barley

about wort qualities

Mean S.D. Max. Min. ()Y
S
Extract dry (%) 80.7 0.153 80.9 80.6 0.19
pH 5.85 0.027 5.88 5.83 0.45
Brix 9.4 0.200 9.6 9.2 2.13
B9
(mg/mL) 54.4 5.99 61.3 50.6 11.00
Free Amino
Nitrogen 190.5 23.3 217.1 174.1 12.22
(mg/L)
Total soluble 7.87 0.929 8.50 6.80 11.81
nitrogen (%)
o 3} AJ7F
(min) 21 2.08 23 19 10.07
Viscosity (cP) 1.72 0.02 1.74 1.70 1.21
4 2]
Extract dry (%) 76.6 235 80.6 74.0 3.06
pH 5.7 0.246 5.97 5.47 4.29
Brix 8.75 0.084 8.8 8.6 0.96
et
el 48.4 2.83 50.4 42.7 5.85
(mg/mL)
Free Amino
Nitrogen 215.2 91.9 303.8 125.1 42.72
(mg/L)
Total soluble 8.82 2.08 11.20 6.50 23.55
nitrogen (%)
o1 3t A1k 27 1.63 29 25 5.97
(min)
Viscosity (cP) 1.65 0.13 1.87 1.50 8.12
=LA
Extract dry (%) 78.6 1.4 80.9 772 1.78
pH 6.0 0.0714 6.05 5.88 1.19
Brix 8.9 0.197 9.2 8.7 2.22
-
2l 46.3 7.04 58.9 39.0 15.22
(mg/mL)
Free Amino
Nitrogen 147.7 15.65 175.9 135.3 10.60
(mg/L)
Total soluble 5.55 0.509 6.30 4.90 9.17
nitrogen (%)
o1 2 A1k 32 2.32 35 29 7.28
(min)
Viscosity (cP) 1.74 0.09 1.84 1.63 5.25

“ 9Tt AT A 1 T
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Table 17. Physicochemical properties of malting barley, unhulled barley, and hulled barley

about beer qualities

Mean S.D. Max. Min. CV
o) = 1 2]
ol—ig_ lr_E
SE o 4.17 0.61 4.70 3.50 14.66
(%)
&gk 15.87 4.47 20.8 12.1 28.15
3= 1 0 1 1 0.00
A& A 397.5 81.90 4893 331.8 20.61
# 2]
o]—ig lcE
ST o 448 0.45 5.10 4.00 9.92
(%)
&k 19.6 1.314 21.5 17.75 6.72
2= 1 0 1 1 0.00
A EAA 469.4 168.30 799.3 331.8 35.86
712,3/
o]—ii l'r_E‘__
s o 437 0.10 4.50 420 237
(%)
=\ 18.3 3.77 23.2 13.7 20.59
BT, 1 0 1 1 0.00
AENAA 365.3 87.70 450.2 251 24.00

C YT 9SS A 1 T
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Table 18. Malt, wort, and beer qualities of Korean barley cultivar

LB R g AR e

1 2% 2 A 3 Az 4 & 5 4%
Malt qualities
Thousand grain 42.0a 28.5dc 25.5d 31.4bc 34.6b
weight (g)
Germination
rate (%) 94a 79b 9la 98a 96a
Percent of
germination 98.9a 84.3¢c 94.2b 99.4a 98.0a
(%)
Moisture (%) 10.2¢c 11.2ba 11.8a 10.4cb 10.2¢
Protein (%) 10.6b 16a 12.2ba 12.4ba 12.1ba
Wort qualties
Extract dry (%) 80.7a 75.6b 77.5ba 79.7ab 77.5ba
pH 5.85¢ 5.52d 5.97b 5.92b 6.04a
Brix 9.4a 8.7b 8.8b 9.0b 8.7b
I
2l 54.4a 473a 49.4a 49.0a 43.5a
(mg/mL)
Free Amino
Nitrogen 190.5b 299.0a 131.4¢ 149.4¢ 146.0c
(mg/L)
Total soluble
nitrogen (%) 7.87b 10.67a 6.97b 5.90¢ 5.20¢
o] 3} A[7F
(min) 20.7¢ 28.7b 26.0b 30.3b 33.3a
Viscosity (cP) 1.72ba 1.54c 1.75ab 1.66b 1.82a
Beer qualities
22 &
(%) 4.2b 4.1bc 4.9a 4 .4ba 4.3ba
gt 15.9a 19.9a 19.2a 17.1a 19.5a
EtEa ABa ASBa ASa ASa ASBa
HBHE A 397.5b 370.3b 569a 406.5b 324.2¢

Means in the same row with different letters (a-d) are significantly different (P <0.05).

WEnel, AR due A 1FoR UHE oAl R e 546l ud Belsey
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= 5 2 2 H 2 A1 e
1 2% 2 AFA % 3 AEn 4 % 5 AR

gF =27

Ol 5.48a 3.04c 4.48b 5.46a 4.56b

02 4.85a 3.94b 3.50c 4.67a 3.40c

03 1.81c 1.17d 2.42a 2.06b 1.83bc

04 4.81a 2.90b 2.58b 4.92a 2.88b

05 5.83a 2.79¢ 2.06d 5.15b 2.94c
5'\% =42

T1 5.46a 2.38d 4.52b 5.44a 3.67c

T2 4.79a 4.42a 2.94b 4.42a 3.25b

T3 2.25b 3.29a 1.56¢ 3.08a 3.23a

T4 5.27a 2.75¢ 1.75d 4.83b 3.04c

TS 5.21c 6.65a 6.42a 5.63b 6.58a

T6 6.06a 1.48d 2.13¢ 5.13b 2.40c
2ot 27

5y

Ml 5.96a 1.13d 1.75¢ 5.27b 2.06¢
g 5y

Al 6.13a 0.83d 1.60c 4.63b 1.60c

Means in the same row with different letters (a—-d) are significantly different (P <0.05).

Sour(T3)¢ 4-¢ A8z 2 A3 Befrt 7P =4 vestew, v3Frr g o 4-9%%= Sour
A eSS 2 5 ) Bitter(TH) e AEe AAZHOR e ZAX7}

el ow, Are] B AR T EAVERG BhAE) v 2 YR thA B A YERS
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9 Agnelel AR F ogrsie 444 B o

ot

7t 9lo

307HA19] e 8l #AemFE, 217HA 9 dES HF Ao FA4E 4] (Principal
component analysis, PCA)S 93 SAH A= o] &3tAtH(Table 20). 4 W4 =2 g
AZE 7M™ Hl=d RS ou|ste 53 44 24T & e FE dolAl, i, FAN
= AlQstdtt. 2 BeEjztel] oAl o7k AL FEQl G s ALsilon,

Hio Aol 49 ASBCISI AAE 317HA &5 5 7Hd W] 5S4 & ved 5 s 470

Table 20. Loadings of the three first components, eigenvalues and explained variance in

principal component analysis

PC1 PC2 PC3

Thousand  grain weight -0.216 -0.206 -0.2
Percent of  germination -0.269 0.181 -0.199
Malt  protein 0.242 -0.154 0.067
Extract -0.267 -0.025 0.02

pH -0.161 0.368 -0.188

Brix -0.257 -0.174 0.106

TSN 0.152 -0.339 0.289

FT 0.142 0.146 -0.436

Viscosity -0.102 0.316 -0.217
Alcohol -0.004 0.362 0.249

Bitter 0.158 0.065 -0.055

Foam -0.009 0.175 0.439

0Ol -0.284 0.054 -0.05

03 -0.146 0.376 0.164

05 -0.26 -0.24 -0.076

T1 -0.287 0.111 0.109

T3 0.096 -0.185 -0.485

T5 0.252 0.153 -0.083

T6 -0.294 -0.14 0.009

M1 -0.292 -0.13 -0.009

Al -0.291 -0.155 0.042
Eigenvalue 10.213 4.422 2.424
Percent of  variance 48.6 21.1 11.5
Cumulative  percentage 48.6 69.7 81.2
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PCASIA 3744 %8 FZao] 7t G2
2 afdolEe] We 812%7 HwE £ 9w, A WA} ¢
b7z 4869%, 21.1% AWET. A WA FARS JJEAHoR Biter

protein®} Carbonation ZH5-4

(Al), Aromatic BF54J(T1), Aromatic

& FEEY. Sour E4(03), pH, Alcohol¥ TSNS

oA WA RS F2 Foamy Sour WHEA

J(T6), Carbonation
FEA(01), percent of germination, Extract(dry)ell ¢

=

o] Ee mFS

A5 HERH I TH(Table 20). ol 213 743

WA FARol o8 BE WS

HEA(TH),

ot =7EA(M1), Carbonation = EA]

oL

(T3), o33 AJzkel]l ]3] A7},

0.3

0.4 . e Ateghol
P Viscosity i
L]
Percent of germination Foam
" . FT T3
1 k =
Ol Butter
™ -
E: 0.0 Extract
= ’ .
M1
16l : 5 Malt |:mtcin
Al % o 3
Brix = Thousand grain weight
03
TSN
_qu_‘.. - -
-0.3 0.0
Pl

Fig. 1. Plot of loadings of physicochemical and sensory parameters on the first

two factors (PCl wvs.
Aromatic &5, 03: Sour IFE5EA
A, T3: Sour HBHEA,

Carbonation 9%+ =7+

¥, Ob5: Carbonation
T5: Bitter

E 4], Al: Carbonation 35t

=3
F54,

ul E x]

=
AN T 0,

FEA)
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Fig. 2. Plot of loadings of physicochemical and sensory parameters on the first

two factors (PC1 vs. PC2) obtained from principal component analysis.

PCA°l ¢J3t first two components ol w& W49 Mgy AMEFe] £¥ = Figure 13 2
oA YelH ATt Figure 12 Thousand grain weight, Brixe} #2 2 7}x]9] & 3}st
WH<=7F Carbonationdl] ¥H® & ¥s2 SA wdo] glom o= AFr et vgwlzt
Zt= 543 78 #do] mth(Figure 2). o312 Wolel wWiFo] x3hE HEoly T/ HF

A& oujsttta & 4 9lth. Malt protein,

s

A|3%2] Carbonation #& EAld g +

do] glem oA AeAdArert = 543 #do] = oA

|
o,
i
ri

TSN Sour H
o7 A WAl AdEoA F2 Malt protein, TSN, Thousand grain weight, Brix, Carbonation¥}
HAE AT 5o Yol ASEES} gdRYrt AR} 2 FEES 90T

np| et 2 oA RS AR et ARzt 2k TSN# Aleohol, Foamell €]

15 g, gdna, AeAdndg s FEss &8s 4= ) (Figure 1 and 2).

o
™
O

THAoE, PCAT ZH7te] HEgES Fa3k 23 54 548N ofygt Extract, Brix,
Thousand grain weight, Alcohol, Foam, Malt protein® #-& & ]3}s# W] & Fah
ol MR I (NFR D),

Lo
M
u
-

o AR 24 An 24 wezre] AMAY Aol 1E we
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AR (AR ang, sz ng) 2ua(cdng, Addng)e A aF5o® HEsA 7
HA gu gE or By ®H AL B 4 vt (Figure 2) °lE 1375 Groupld

A2 1
Ao¥n g, ek g, Group29 43, 3 Z2 Group3d AFAY M2 I1Foz TAEHS

!

t}. Groupl> Extract, Brix, Thousand grain weight % Carbonation® Odor, Taste,
Mouthfeel, Aftertaste®] ¥4 EAo] =dth Group2:= Alchol 5%, Foam 34, Viscosity,
pH % Sour Odor E54°] A3l Group3> Malt protein, TSN, Bitter % Sour Taste2}
Bitter Taste 5/¢] =2 o2 Uy BEE #4415 S5 Uil Byl HFAax 4
A2 TR AFrert 7P Hold AAS Zta 7] wiEdd FAEE £A4A% AgR
of Z& Groups FAste thERE7E U4l 6] WMEAZ Aol T Holds E0E
T Ak 284 GroupH el AgE Bk #5397 Heid s Rt g o] va F=53
Extract, Brix, TSN& ¢ 84E& S7HA7]& ==o] dQ3irt, ot wgo] FRkettd =

A 6xY F WMEARE A HelE AST S UE A MY B AL Bgnez 4%

|

A 7 °F 41.5mg/mL ©]9lth.

259400 watt)9} amyloglucosidase(50 U)E Z+zt A3t 49 AT HQA Tty
FE=H AT F2 BT 16% Fhst o @A kw1157 7070 ® @5

HAth =53¢ amyloglucosidases A AEstA S 45 $dEe ¢S dF2Ad W

of Bls) 17% S 7Fsk3d
(2) As R W

hH A&

Zab 62w 2012 AR it FgH tdF(Dahang)s AH&SFTh AW AL
Automatic Micromalting Systems (Phoenix Biosystems Co., Australia)S ©]-&3fe] =iz} b
of, %9 3dARE A33ATHKIm et al, 2013). AFZH Woli= Drum mill(Malt Drum Mill,
Jeil Industry Co., Seoul, Korea)< ©]-&3te] 1 mme| +Fo 2 Raste] FalapAo] AL&3+
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HEA I3 S EBC Congress mash¥[43]S wstom 1 Wye oS3 2o 34
33 Mol 5 g& Amber bottle (SCHOTT DURAN 250mL, Wertheim, Germany)oll % il 4
5C9 S 20 mLet# 412 ts 12 9E3tE 93] 45C<9 shaking water bath (BF-46SB,
Biofree, Gyeonggi-do, Korea)ol 4] 100 rpm®& 30%7F 93} A7l & 1C/mine £=& 258 &
F ELE FVMAA MFY 2EE 0C7HA &8¢ F3AAHT. L F 23 G3E 8 70T

0 mLs #H7Fete] 70CE FASHHA 1AIZE O 22 @stA Z ok wheba d-82 Q1 Fs)

b Gst, 2= 1 22 BEE E3ste] F 116%0] A dY. 9 ks e

23|31 FHFE AUlste] FAE 45 go 2 A AY BAAL G5 9 FER

o] %] No.597 1/2 (Whatman, Germany)Z AF-&3k= thal, 1 mLe "% Eppendorf tubedl]

27 AARe & Aeds I &

s 10 Ao g st A E WG] AT S DNSHES o] &3t 453
oH113].

o|\

RN

=
=
b

ok
rlo
—

D
S
@)
H

3ol 4T 2] microcentrifugeo A 12,000 rpm o =

(th) =53

Ll

g

ol

I

Wol 5 g& amber bottled] ¥l FFHSF 40 mLe & e v, 13 ©3l=  ultrasonic
water bath (SK8210HP, YOUNGJIN Co., Seoul, Korea)& ©]-&3}o] 53 kHzZ 10% ot 47}
A =z (45, 55, 65, 70 T)I} 4714

=527 (200, 300, 400, 500 Watt)= Zelste] 29
sttt 1 F 23 F3E 98] 70C 9 shaking water bath® %71 100 rpm o= 1A ¢ 3
stA T kA 250 Ay o] ZAE Adskes skl B 1A g 2 23 st

Hogst AdS flste] 1A 93 ultrasonic water
batholl| 4] 53 kHzZ 10% &< =53 4 2=x7 (55 65 C), =837 (400 Watt) I} =&
g 5 Ay zdor AYS FPdsrt. 1 F 23 FEE 98 70T shaking water bath
2 &7 100 rpme = 1A7F o] Gd3A 7t 22 B3 = ot 1568 (AR MEs

855 BAY T2 SR
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g3t 42 a-amylase (from Aspergillus oryzae)®t amyloglucosidase (from Aspergillus
niger)+~ Sigma Aldrich Co.(Sigma Aldrich, St Louis, MO, USA)o| A Fufslo] Al-E-3}S ).
a—amylase (100, 300 units)®} amyloglucosidase (5, 50 units)E 27 #7138 A &2 F A
gl £3o= 12 B38tE 65 CollA 10 A2 F, 22 B35S 70 TollA 1413 A@skglon,
37t SuHd 20CE M5s Ao dAEYE o5 gAste] #d7d S SAHsA
Amyloglucosidase®] #H7A H7t&S FAFs7] 8l @4%S 47FA] 2725, 50, 100, 200

units) &2 7424 H7F @ A, g4 F AP 2o 12 3 23 F3E @

Tt v APAS & 259 249 HAH xS I A LSkt 12 3= ultrasonic
water bathol A amyloglucosidase (50 units) 7} % 53 kHz=Z 10% &<t =&3 4 =4
(65T, 400 Watt) o2 Ag & F3std ). 221 G3lE 93] shaking water bath® %74 70CE
FrABHEA 100 rpme-® 1AZF O 22k AT 22 BEE e Fok 167 4o w

& wAsHAr

=
/N

@) A R @

(7h) =atr e 259k Aol mE B3

Filtering ¥ 42 filter cake® Z#HA 5g3 TFF 40ml &33F] Traditional methodE ©]
&3te] 45T (30min) ¥} 72°C(1h)F Fskst § o 3§ A3 12.87 mg/mLe] ool HFoldl&
S FJtATE S5 1287 mg/mLe] ool 253 W g4 HAEHAFES FI FUME FE2E

A S PN
7hsAdol s & 5 9l

Table 21. Amount of reducing sugar in filtrate (wort) and filter cake of Dahyang

filter cake

Dahyang of dahyang

Reducing sugar +
(ma/mL) 41.56+1.42 12.87£0.38
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Table 22. Physicochemical properties of wort of Dahyang, treated with ultrasound and

enzymes

Mean S.D.
ST EL Ao
Extract dry (%) 82.9 0.16
Brix 9.6 0.198
A9 (mg/mL) 51.11 1.98
Free Amino
Nitrogen (mg/L) 195 20.1
o ¥} AlZE  (min) 19 3.0
Viscosity (cP) 1.65 0.11
L
Extract dry (%) 75.4 1.98
Brix 8.5 0.97
A (mg/mL) 42.3 1.03
Free Amino
Nitrogen (mg/L) 212 87.5
oJ 7} A|ZF  (min) 26 1.72
Viscosity (cP) 1.70 0.42
332
Extract dry (%) 77.8 1.62
Brix 8.95 0.183
A (mg/mL) 48.75 2.5
Free Amino
Nitrogen (mg/L) 190 15.37
o3} AJZF (min) 22 3.24
Viscosity (cP) 1.68 1.01
"aA et
Extract dry (%) 78.9 1.4
Brix 9.0 0.154
A9 (mg/mL) 49.1 3.21
Free Amino
Nitrogen (mg/L) 202.8 16.82
o] 7} A|ZF  (min) 20 1.99
Viscosity (cP) 1.67 0.08

CHEVE S A1 E R

b
)

Table 22+ WFHe, AHe Zugle] WEFd dig ZEsistd A Ay Hdt, i
b, A g, HAaz, HEASFE Ui 9E 248 98 Extract dry, Brix, 399, Free

Amino Nitrogen (FAN), o133} A7+ (FT), ViscosityS A3ttt W5 A #HulolA T3
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Fig. 3. Standard curve for glucose measurement by spectrophometric method.
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w\“\\“\\w\\\\\\\

S0

Q =] Q (=] o

+ o ol -
(Jw/Bw) 1e3ns upnpay

S00

300

Power [Watt)

200

M

E55C E65'C EBT70T

Oasc

=T

Fig. 4. Effect of ultrasound power and temperature on the production of reducing sugar in

wort.

Nz

3}

55, 65, 70 C)¥}

( 45,

F 2=z

B

Jar
o)

o

©
=

(200, 300, 400, 500 Watt)

=927 400 wattoll A, 23 2202 5569 65CAA 7HE =2

=}

A 2=

T

& ©
14 <

<

]

(e}

o

Z9x71 400 wattol A

3}

4779 mg/ml=

=
AN T

’

o

el

O
192

LO

ol

4156 mg/ml ¢l A3} 1

1
R

46.96 mg/ml, +E=x7 65 C

4
ol
oY
o
el
g
A
A

o
o

W

wotof 3

-
R

g ol

Ho

2 A7 =

ol

_80_



il

= 124 Zsheb 23 FekE uhA™ 13k Ffell A 55 0] AR H A

il

EE

. HdEA <

o)
P

PN
T

il

o

2

Bt

/
/2

[}

g & & A

(Qw/Buw) Jebns Bupnpay

70

65

15 20 25 306 35 40 45 50 55

10

time (min})

—®—p5°C Ultrasound

—®—55%C Ultrasound

——TM

Fig. 5. Time course of amount of reducing sugar in wort of Dahyang during mashing with

ultrasonication at 400 W.

il

FoF 400 watt =3 70l A,

tAew, 22 F37 Ay

5]

)=
RN

T
B

o
N

ar

o

Nz

B

P
T

& O
dd=

1 (55, 656TC)o. =2

—_
fils)

X

A
ol
o

o

G

B

—_
o

i
-

ol

& A7k Eot 41.56 mg/ml7tA

=

7} 3o
Al 14.93 mg/mlel A 48.04 mg/mle. & 7}

ATt

J|

o
29 H&
= O
=

’

el

ol

o

E

g3 I

7F skt

& Al 31.06 mg/mll A 47.04 mg/mlo = F

]
S|

Ayl

F 65T ol A

5|
pu

2

G

o

o
o

el

)

file)

7
No

0
B

o

(A Al

Mo

rj{

o

Iw

stag Al

)
o
;OD
B

_81_



(2}) Enzyme Assisted Mashing (EAM)
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Fig. 6. Amount of reducing sugar in wort of Dahyang, treated with enzymes.
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(v}) Enzyme - mediated Ultrasound Assisted Mashing (EUAM)
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Fig. 8. Time course of amount of reducing sugar in wort of Dahyang during mashing with

and enzyme-treatments.
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/ net absorbance of standard solution
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Fig. 9. Gelatinization degree of malt at 70C under high pressure.
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Fig. 10. Microphotographs of malt with iodine-starch reacted, gelatinized at 70 Cunder high

pressure.

gol FFA A Fes FAF & vk AR zA
0% QNG I Fol, Ho] BojPg FAF v Ak wmebd L
A Aol o] dojg gl & g}
80
70
=
E 60
5
Eso
%4{1
230
2
=
g
10
u T T T
01 50 100

Pressure (MPa)

53PS & At GHol AAPoEH 8o oo
N G e stsm
ehE ao= golo

Fig. 11. Amount of reducing sugar in wort of Dahyang, treated with high pressure.
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Fig. 12. Time course of amount of reducing sugar in wort of Dahyang during mashing

under high pressure.
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Fig. 13. Effect of pressure and temperature on amount of reducing sugar in wort of

Dahyang.
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F ANFoA st o, 7HAF; Garunara, Hwasung, Gyeonggi-do, Korea, << Young
In Corp., Gyeonggi-do, Korea, ®; C] CheilJedang Corp., Seoul, Korea).F Y8+ o}ako]

10%E ARg38te] A& skl

&4+ (F) Bision Biochem® Hd&AE AME39 Y. B384 a-amylase (from Bacillus
licheniformis)®} amyloglucosidase (or glucoamylase, from Aspergillus niger)T= Z+72}
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=39 8932712 53 kHz, 400 Watt=2 1A SH oW HAT 9 T3S 8fste] 2%+
55 C, AlZH10min, 20 min)< ¥3tE Fo] A&3t3th 70T 9 shaking water bath(BF-46SB,
Biofree, Korea)® %7 100 rpmS. 2 60min U 93tA 71tk W5S 20CoA 1083 2)d % 3
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Fig. 14. Effect of ultrasonication and enzyme treatment on amount of reducing sugar in

wort of Dahyang.

Table 23. Effect of ultrasonication of malt on physicochemical properties of wort of

Dahyang
Pilsner v}k t}ak+ | t}ek(U) t3H(U)+E
Wort properties
pH 5.68 5.96 5.87 5.88 5.81
Brix(%) 8.2 7.9 8 6.5 6.8

51 ol o}
&4 ¢(ma/m 62 45.52 53.05 44.17 49.55
Free amino

nitrogen(%) 151.79 182 179 210 213

Filteration . . . . .

time(min) 20:06 18:06 24:36 21:49 23:20
Viscosity(cp) 1.59 1.8 1.9 1.88 1.82
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Reducing sugar {mg/mL)

Control

Fig. 15. Effect of enzyme (a-amylase and amyloglucosidase) units on amount of reducing

sugar in wort of Dahyang.

—

F 294 d 4 AA a-Amylase®t AmyloglucosidaseE 77}
1007 %A Agate] APt 42+ a4A9 93-S vws A3 v 7he] ) #Z g
Eol7]l falde dd ZAaAe ARSRGE 27] Bkl =

& AHAAZ A T+ amyloglucosidaseE Z& 4 T A7 EFELAS ALt G312 7]

= o] m&Aolety wusn ATHES, 69

Table 24. Effect of enzyme (a—-amylase) units on saccharification of adjuncts in term

of reducing sugar

Wheat Potato Maize Rice

Control(;+-3H7h 6.68 4.95 4.64 4.67
5ul 39.52 34.88 45.66 45.66

1040 40.27 36.82 46.31 43.13

2010 40.36 48.68 48.68 40.99
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Fig. 16. Effect of enzyme (a-amylase and amyloglucosidase) units on amount of reducing
sugar in wort of Dahyang with adjuncts (wheat, potato, maize, and rice).
Table 25. Effect of enzyme (amyloglucosidase) units on saccharification of adjuncts in

term of reducing sugar

Wheat Potato Maize Rice

Control(F+%7H 6.68 4.95 4.64 4.67
5 ul 11.82 13.27 20.83 23.27

10 b 14.36 22.79 45.51 20.05

20 ul 17.07 22.19 43.80 35.60
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JH HFEE = 14%77he dide 7HAa Y FEEE AUV W59 FAN 4=
il
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Viscosity =g oo nvla) =4 e oA3=4 a4

Pilsener t}sF Wheat Potato Maize Rice
Wort
properties
pH 5.68 5.96 5.8 5.72 5.8 5.84
Brix 8.2 7.9 7.9 8.0 8.1 8.1
3349 ()mg/mL 61 45.52 48.39 49.31 51.23 52.31
Free amino 151.79 182 199.33 244.29 212.04 251.29
nitrogen(%)
o] 3} 20.06 20:25 18:21 19:44 16:47 18:43
A1 ZH(min)
Viscosity(cp) 1.58 1.8 1.84 1.71 1.78 1.71

() 2S5 o] &3 F3HA

FJAok(Pilsner) 9} Hlasle] thgkdol+ s 42, 2S9HY dE2TLoR Yiro] d
AIFFS SAHSAY Fd5e F3eslS dl 7HE =2 FAE e A FORRA(S T,
e AE sk W ol (Pilsner) 7} 61.13mg/mL9] A &S yElWch 1o uH]ske] T}
ol 41.16mg/mL, ThaFwole] BR85S H7eE aiaAd g F&o 49 50.98mg/ml,
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Fig. 17. Effect of ultrasonication and enzyme (a—amylase and amyloglucosidase) treatments

on amount of reducing sugar in wort of Dahyang with adjuncts (maize, and rice).

corn slurry®] YAA7E AALAA LG &
olrs FEAFH S W Huh gdo R g §

o] 25.58% S 7Fst At

5 5 /
) ;!;!;

Fig. 18. Effect of ultrasonication times on amount of reducing sugar in wort of Dahyang

with adjuncts (wheat, potato, maize, and rice).
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Z(10min)E FdSu= st =Fo] 57.25mg/mlo] SAHEHA =, A& 53 A7F 20ming Al

su)sh 5d BAY FAE deIth 283 A0S 59 AFAAE S5 84S
74 bt BUFF] 1Y A S AT

oy} AJzte] BEF 74 dtdthH(Figure 19). SR &4 AFEA] o A7k A AATHaL o

I Al Zbo] d3FS 7] A= Viscosity® A4 ste A3E YEFUTH(Table 27).

Table 27. Effect of enzyme treatments on wort viscosity of Dahyang with adjuncts

Viscosity(cp) a-Amylase, Amyloglucosidase a-Amylase, Amyloglucosidase
Xylanase, B-glucanase
Maize 1.65 1.43
Rice 1.68 1.26
Potato 1.7 1.35
Wheat 1.58 1.3

o] F 2 84 Xylanase®} B-glucanaseE A 48 ¢ Xylanase®t B-glucanaseE 7+t
AR o Bt} Viscosityd 4ol o & &3E YebHTH106]. ey 2 A F A= Xylanase
7} wWolel BRYAR UGS moled =S Fo o] FUIe7] wiitel o3 AJFko]

o

A B2E BA 48w BTSm Srhde A
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filteration time(minute)
F
L

Contral
Control

Fig. 19. Effect of enzyme (xylanase and B-glucanase) treatments on filtration time for wort

of Dahyang with adjuncts (wheat, potato, maize, and rice).

ASE Fh7] wjE 2 AOoE Ho z

Lo

o] &= XylanaseZ} oS &4 FAld F3las
th s wiol e~ 2pd ] gl EZ27A AAGHE gFez FdTS A

7] 918t utefol] L E o] 9= cellulosedt starch 59 ©53tES Ead ¢ JEE 2-3%

ESTE

ofr
4

o] 3405 T3l A3 Ay Viscozyme L(arabanase, beta-glucanase, hemicellulose And
xylanase)¥} Cellic CTec2(Cellulase, xylanase)E 1:12 &33 23} 1067%2] =2 582 o
Ath(Kim et al, 2015). ©] A Xylanase®t B-glucanases &Alol AR&stA o A H} =

=d F A3 FA LGS Foled Es T Ao=2 YEtH(Figure 20).

et
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Fig. 20. Effect of enzyme (a-amylase, amyloglucosidase, xylanase, and B-glucanase)
treatment on amount of reducing sugar in wort of Dahyang with adjuncts (wheat, potato,

maize, and rice), treated with ultrasound.
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1 621 wo} Fatol wa 7%
bR 6% wele] MF wx

(1) 8°F

o AE AL B A wgd o AFe, Tl A 15
HHE ol gate] AW, P35 W WEIYS AR AFZ AxSAT B9F VE A9H7 3

R . . . ] . »
o7 43 & diacetyl T, turbidity, foam stability, free amino nitrogen(FAN), yeast

viability, color % #537FE dAAsth. A9 Ay, 63 Yol T HFom Ay H5r) 2
= Byt BR kinetics 54 R AF F- g A7 B FARSH YERY Sliak 6%
BYE o] &3 W Az A3 Aoz ey

(2) A= % U

7h Zawy
§ = re o 5 . P
WMol Wy FAL I3l AHS AR WFo g-acid o] 10%¢! Hallertauer tradition Hop

() Z2Ee A5 54

o] A5 WskE ASBC HH[6lE 7o ® ato] SAAT Holdle aR
3171 9131 methylene blue 9% 3} hemocytometerE AF£3FAth o] - &
e ALlE 12 FE 49 2 23 T E 7Y, F 119 sete] AS Wel FFS gt 74 #

THE Husln

1o,
al
il
A
ol
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(th ¢xe g 54
dEE FFEe dEE TH AAES o8t dEes SRR+ FAACI-DK-12

DeaKwang, Seoul, Korea)E& ©|-&3te] H|F9 WHIE Hfow ol& FAHE 2% IR E T
3 4L FHFES st dSsAnh olE 7 F3Y W HF 43 IqFS SA, 4|

wahe] 245}l

(2hH) vlF =4
g oS 100mLy FHste] olE WaA-GYe Ya, ¥FA(200-DK-6, DeaKwang, Seoul,

%8 ¥, 2% 2

o] uke] gk 4o 49 ASBCO AAE WHE o] 83t AL&EAT. WFEE AFE
9] &Aoo PEE NAE AASY 20CTE A3t 10 mLE YA Ed Hd & 6N G4k

0.5 mL, iso-octane 20mLE 7}slo] E &3k tha &S TH250 rpm, 15min). 3000 rpmel A 3

Mz
=
(o,
uba)
Mo
L)
N

iso—octane =< #3&) 53 iso-octaneS WEZ 275 nmolA ETHE(A)E

24 ol 7 FEW T AF AT SA%L sk B

Bitterness = 50 X A

o) g2l g AAT F cocke ThA BHETh

A= A(CR-300, Minolta Co., Ltd., Osaka, Japan)Z A}£3t%1 2™, Hunter L(lightness),
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a(redness), b(yellowness)®] S =7435to] o]o] st W3} YAS 72 #5H v

EEL

Ll
of
%
M

(oh) = =4
Spectrophotometer(UVmini—1240, Shimadzu, Kyoto, Japan)Z ©]-&3}¢] 700 nmol A9 3%
E7F 430 nmell A S ST By <0.0399hd Bt ‘gle” o2 ofygd S o

= A4stel 2t 59 T Aelg dolmglrt

(#}) Free amino nitrogen 3% =74
Free amino nitrogen(FAN) && ®3} 542 AOACH AAE HH-ES o]&ste] A3
WMoty BAgHE 2 mLE #ste] 1 mL ninhydrine A AE H7EgE 5§ 168 < d25x

A 100C= 7Fdatdvh. 1 § 208 §<QF 20C+£1TColA 23 th& 5 mLo 3445 AT

FAN (mg/L) = net A of test solution x 2 x dilution / net A of standard solution

(2}) Diacetyl 3% =4
Diacetyl $F
o2 A3t 0175 M iso-niazide €9 10 mLol acetic acid ¥ &S o] 2HA
A7tk 7] 29 X 10*M diacetyl solution5SmL¥} 0.15M ZR(IV)E 1 mLE d3a] Foh
3 M HCI# 4 M NaOH= pHE 1.720.1%2 Z=AHA7] & Az 8NS5 50 mL H39 EZ2=3
of &AA EZ st o 30% F, diacetyle] FEE 20-200 ppb AlelZ UER O
calibration curveE 2+ &l th(Rafael et al, 1993). A& 25mL<S NaCl £3-8% 70 mL¥} 4]
o H, o] T}EE iso-niazide € 20 mLol| 30 mLo] XHE wi7tA] FFHFAIC o] FS

calibration curve®t W Z3}e] diacetyl®] ¥& =433}

ot
A

A& spectrophotometer(UVmini—1240, Shimadzu, Kyoto, Japan)& ©]-& 3!

(Bh) ¥sHA
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= 43 HAIG A8 F7F Bol AR Aol A H A WURIQ &=

= AASATHT A A FE2 ASBC 4ol Aed HAF &o T HF4 vt3 ES 5 3l
= d5A 54 5 F 54
ako] AL

Carbonation(05)2] Z=2 Aottt ot 54 67FA+= Aromatic(T1), Cereal(T2), Sour(T3),

& 54 57FA+= Aromatic(O1), Cereal(O2), Sour(O3), Sweet(O4),

op
ol
o
45/
a
w
=

Sweet(T4), Bitter(T5), Carbonation(T6)2] =2 Aotk o+ =7 EA4LS
Carbonation(M1)9] =2 AHeolslH, Zlul 542 Carbonation(Al)e] =z AHolstAoh 7+
golol g FAHL 0-10 B9 oA &5 HAxm2 gAste] £ dE ol A7l= 7t
ST

Zh Algse] tigh AoltAle 0.059 FYA oA EAbEA(Analysis of variance,
ANOVA)stglom, Al ztme]l FAIAEE FA%A Z230 MINITAB (Registered
Trademark) Release W3 141215 o] &stidth. &3kt #4134 #s4 54 #2449
A gobs e v E BA (multivariate method) S 3F$1aL, thFsl WEES Aol

o HEE My ZAdAA =45t FAE 4 (Principal component analysis, PCA)S AF-&

g 3= o #@isle] AEHew &
S et tH(Figure 20). 2% B0l M Wl WM UARE g T2 A4

7hA] oheF B E A3 6% Hyld vlE =& AL E 5 vl Preedy[122, 123]9] H 25
2 X

St 54S Zurh 27 WFe 1041052 HE At HF wlFe ok 1010-1.014 2
Ayt dre] 2 ggEvE of gl 7 ssler, ol S Hae

PN
& = AT

il

A B dae YA i Aot A SHo] AEe HA A9 A=
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Fig. 21. Kinetic change of specific gravity of 5 different beers. B, Jinyang; [, Dahyang;
N, Hinchalssal; E, Samgwangchal; ¥4, Jasujung. Error bars represent standard deviation

(n=3).

(th) Bre A5 wst
Methylene blueE ©]-&3le] &x9] A5 WHslE F2ld A= figure 219 Zoh 95 g
gt 4 Aee AoEH, ol TR HAEE
gt B 4 k13 2E VM e aEVF AEHo s s o, o
T 2% B 2 BEe oF 1.22 log cells/mL® 7, 62 HeloA tha Hel7} o
o 744 77t WAE AATS B 5 A 23 HEolE 4427HK FIF FAE Kot
o] R = o Aol dASHA FAEE B 7 Uk 23 HEA X B g 2R A
FE oF 1.29 log cells/mLE 71891, 6% X 5 thdf Hols o9 A4S FAE o
v sl Za A 9w A HeEs Hoh =8 AFS BTl Boulton ¥ Quain([10]e] 2] &)
W ogRe %7 FUUde oF 5 x 10%cells/mLE 39S W growth phase= Hul 2 log
cellsymL A% sojuve 2oz Had v vt el 53530 Uebd 2ol R A5 3

o Bt wuidoly} ghestEo o] dEtd I AS AR 4FE vASE &+ 3
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1 L |

Primary fermentation time (day)

(a)

Log cells/ml

Secondary fermentation time (day)

(b)

Fig. 22. Kinetic change of yeast viability of 5 different beers. A: primary fermentation, B:
secondary fermentation. @, Jinyang; W, Dahyang; A, Hinchalssal; x, Samgwangchal;

@, Jasujung. Error bars represent standard deviation (n=3).

g 7)7bs S JERG A WSk Figure 229F Zh 8718 UE= L g 2E 7]
kol Zatetel wel o3t HAsts S B 6% By T AA HYs o R B

oFE oF¢ AL PSP O, ol Bl 43 foH Aol7t Lehdrhp<0.05). ol %

w9 JFoR % HEe JFOoE A Mt A¢E B F Ak

=T =

ca #olA 2% Hed X%k Best 7HE A dERd

} i}
=R & BEees dvEhlen, A4 S B =2 e Bold, 2Rt IAPyds=
o}
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Hunter b

y
“J

Secondary fermen-tat'iun time (day)
(f)
Fig. 23. Kinetic change of color of 5 different beers. A: L value in primary fermentation,
B: L value in secondary fermentation, C: a value in primary fermentation, D: a value in
secondary fermentation, E: b value in primary fermentation, F: b value in secondary
fermentation. @, Jinyang; B, Dahyang; A Hinchalssal; x  Samgwangchal, L 3

Jasujung. Error bars represent standard deviation (n=3).

(2}) Free amino nitrogen % 3}

FAN gaF ®W3l= figure 233 29kth FAN $#S a27F @3 2 peptideE A 34
Zoll o] &3o] uwel FtEFo] ZolEA Huh BE B oA FAN #He A3 Zolts By
A=, ol= FAN ko] wuide] Eaibs Ao #do] glon, o]gs FANS]

o, AFAGY S 2 GFL AT BFFLY APYL @

RS

ojme A HER Fo] Foj== o] Fastt AeA B FAN o] & Hejo] H&)
wfp- Eokan, A W= g Hed W ¥ v dFs vEhilh uEk AR nes
AF wefoh & Apols HehiA &gkom, o)A ko] w3k A7 vEbA] ek okt (p>0.05).
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Fig. 24. Kinetic change of free amino nitrogen of 5 different beers. A: primary
fermentation, B: secondary fermentation. @, Jinyang; W, Dahyang, A, Hinchalssal, x

b

Samgwangchal; 4, Jasujung. Error bars represent standard deviation (n=3).

© 01, T19] Zev 2art Agdss Hda Srhste Bs5s & 5 dMeH, o
ol mWE alcohol A ¥ S7F 2342 & 5 Ut Ol, T1oA 7FE A7t =& A8 v
F Bedon, ol AF Bl FoF o7t flv Ao® Yetd v (p>0.05). ©4e] & B
FHl, dgSS UEhli= 05, T6, Al M19] AxEs AA S7ksts Eas & 5 Al
ol WEVF NAFHFE wAl o] TS wE AR & 5 vk IF Bee vk By
o B AwUt AEHH R M At vEtw o, T6E Al F Hite] &

o4 Zol= YEbYA 29kt (p>0.05). Cereal?t Sweet ¢ &3} b Yelll= 02, 04, T2,
T4= #A4ste A5 B 5 oy, ol WES Fola g HAolA 1F9 cereal, sweet
g By 2 g 1
2ol ZFwrt b =doew, A Bey B3 =8 AeE YEhuldoh Al ®BEjke] {94
ko= YERUA] %S B F AATH(p>0.05). ¥ T4 g ®Heet BE BEke] {9
2 zpol7b WA S tH(p<0.05). 03¢ T3+ 12k & Aol 73k =7t e o), 2a 2
B o]F® AA HastAe=d, ol AR AN Aol wit sourd] Sl AHE Aor W
Atk 039 A% A ®Berl 71 3& AEE BAow, A ®Bes Ay Herh {9
A Zpol7b vpepubA] egkar, S mElolA {FoF Aol7t yEhdS E 4 Aok T3Y A¢
ek 1ol vl SRS, A HEYE A BE B dA fFo4 zbe]7t YERLA]
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Toe Hart AgdasE ¢ ZalAe ASE B 5 Ao, o= hopdlA s A

AAH o2 g AR} gk AR ol7} YElUA gkgkom dnl AJRo] AFol kol

e AL B S AT A we) &% Art N8 gade AL B 5 9dow

Bl vlwsle] v BHaE 94 Aozl YErUA 2gkom(p>0.05), thE BYES

2 2ol 7F YERE THpP<0.05).

Table 28. Sensory properties of wort of 5 different barleys

Sensory Beer wort
attribute  Jinyang Dahyang  Hinchalssal Samgwangchal  Jasujung

01 400+0.94*  2.90+0.99° = 2.25+0.71" 2.25+1.49" 4.38+0.92°
02 6.40+0.84"  520+0.79°  350+1.31° 4.00+0.76° 3.88+0.99°
03 1.80+0.63"  270+1.06>  3.50+0.53° 1.75+0.46™ 2.13+1.36™
04 3.90+0.88"  4.10+1.29°  2.63+151" 3.50+0.76™ 450+0.76°
05 1.70£0.95°  0.80+0.79°  1.00+0.76% 0.50+0.76" 0.63+0.74™
T1 480+0.63"  3.70+1.06™  3.13+0.64° 3.63+0.52" 4.13+0.64°
T2 6.20+0.63"  450+1.08"° = 3.13+0.64° 4.50+0.76" 4.63+0.92"
T3 2.90+0.88%  1.40+0.70°  2.63+0.92* 1.50+0.53" 2.25+0.71%°
T4 4.80+0.63*  4.30+1.06™  4.38+1.19" 3.88+0.64" 3.25+1.16°
T5 0.20£0.42%  0.00£0.00°  0.00£0.00" 0.13+0.35° 0.13+0.35
T6 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
M1 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.000.00
Al 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Table 29. Sensory properties of young

fermentation

Sensory Young beer from the primary fermentation

attribute  Jinyang Dahyang  Hinchalssal Samgwangchal Jasujung
01 530+0.67°  5.14+0.69*  3.14+0.69" 3.43+0.53" 4.14+0.69°
02 530+0.67°  457+0.79"  2.86+0.38° 3.71+1.25™ 3.71+1.11°
03 2.40+0.70*  3.29+0.76"  5.71+0.49° 4.57+0.79° 4.00+1.15™
04 430+0.82"  514+1.07*  1.29+0.76° 3.43+1.51" 4.43+0.53"
05 5.70+048" 5434079  1.86+0.69° 2.14+0.90° 3.14+0.90"
T1 590+057"  357+0.98"  4.00+0.58" 4.29+0.49" 2.86+0.69°
T2 5.30+048"  4.29+0.76°  3.14+0.69° 3.29+0.49° 2.71+0.76°
T3 2.40+052*  271+0.76°  5.14+0.90° 4.43+0.53" 3.71+0.76"
T4 470+048"  4.14+0.69*  2.86+0.68™ 2.57+0.53° 3.43+0.79"
T5 2.40+0.70*  357+053"  4.43+0.53° 4.14+0.69" 3.71+1.11™
T6 6.22+0.67°  5.86+0.69" = 2.14+1.07° 2.14+0.38° 3.57+0.98"
M1 6.60+0.52"  6.14+0.90°  1.86+1.07° 3.29+0.76" 2.57+0.53"™
Al 6.30+048"  6.29+0.95"  1.71+0.76° 2.57+0.53" 3.14+0.69"
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Table 30. Sensory properties of beer of 5 different barleys from the secondary fermentation

Sensory Beer from the secondary fermentation

attribute  Jinyang Dahyang  Hinchalssal Samgwangchal  Jasujung
01 529+0.49°° 588+0.99° 4.75+0.89°  4.78+0.64° 3.29+1.11°
02  443+053® 475:+0.71° 3.50+0.76°  3.63+0.52" 443+1.27%°
03 143+0.53%  2.00+1.07°® 2.38+0.52°  1.50+0.53° 1.57+0.79°
04  457+053° 4.88:0.83° 263+0.74° 3.38+0.74° 3.00+0.82°
05  6.14+0.69° 575+1.04° 213+0.71° 2.88+0.83" 2.43+0.98°
T1 571+0.76°  6.13+0.99° 4.00+0.82°  3.38+0.92* 2.86+0.69°
T2 529+0.76° 4.38+0.74° 3.13+0.83° 2.88+1.13° 4.57+0.79°
T3 2.00£0.58%® 2.50+1.07* 1.63+0.92°  2.75+0.89"™ 3.14+1.07°
T4 5.14+0.38°  4.50+0.53° 1.50+0.53°  3.00+0.76° 2.57+0.53¢
T5 471+049° 500£0.76° 6.50+0.53°  6.38+0.74° 6.29+0.76"
T6 6.29+0.49° 538+0.74° 2.13+0.83“  2.63+0.52° 1.71+0.76°
M1 6.14+0.38" 5.38+0.92° 1.88+0.64°  2.14+0.69° 1.29+0.49°
A1 6.43+0.53° 4.88+0.64° 1.88+0.99°  1.75+1.04° 1.71£0.95°

Means in the same row with different letters (a-b) are significantly different (P <0.05).

Mean + standard deviation(n=3).

g EA gEog g AL HF ME AE otAHA free amino acid, 13 719 &5 £
H

A Wl =438 Al 2 Ql X HF kinetics 5730 7HE A

(1) 8oF
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123 & F 1YY ZARIAY 2ade Fridr|2 DB-sle] flaskel
gkt 223 40 kHzo] ultrasonic bath(Wise Clean, Seoul)oll 4] & F . g oe
bath sonicatorel 4] powerE 120 W, 160 W, 200 W= X433 oW, 7 powervtt} 2h, 6h,

& qk5olZ young beerE W 3 F 15T 2%

o
=
o
t
P
oo
&
|

BN
>
i
9
fol

Emel A% WSHEASBC WHIEIS JEow stk Aol aReSE 245 A4

AP %S DNSHS 7|08 3to] =H3 At DNSA¢F&10g 3,5-dinitrosalicylic
acid, 2g phenol®} 200g rochelle saltE 1000mL<% sodium hydroxide(10g/L)¢} Sodium
carbonate(0.5g/L)°ll &A1 A FH|stdth SUdFS et v AEE 34t AREFlo
o, M E Al ImL¥# DNSAISF 3mLE #+ EolA 5gF vhgAIZl & AFLolA 51t 2
3 spectrophotometer(UVmini-1240, Shimadzu, Kyoto, Japan)E ©]-&3}I550nmolA 3 ==5

=3t 2HE T4 E S standard curveE o] &35te] st FFow A=)
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(oh) A% %4

M A(CR-300, Minolta Co., Ltd.Osaka, Japan)& AF&3te] =431 2™ Hunter
L(lightness), a(redness), b(yellowness)?] #S =H3slo] 2 2539 =4 ¥ vusE F3] 4

st

() gE =3

Spectrophotometer(UVmini-1240, Shimadzu, Kyoto, Japan)E& ©]&3t ZA3tAth 700
nmol| A 9] &3 57} 430 nmellA] 24 TP E Hrh <0039 gH gErt “glevo = ol et
2 d W] AolE olE k.

o

o

RIS

o

‘oo Adstel 7t %

(#}) Free amino nitrogen ¥ 374
Free amino nitrogen(FAN) &2 W3 =42 AOAC[6l]o AAE HWHS V&0 =2 skt
(Horwitz and Latimer, 2011). W5 23 d<gnit} 2 mLE #3539 ImL ninhydrineS % 7}3k

T LT A 167 =<k 100CE 7Fgstgt. 1 32041 Col A 2087 213 & 5 mLe 3

Holg Wl ZR4e txae 50nmolA 30% olle] FREES ZAah 3ol
FREA)Y BRAMNFT blank FREES W g Axsto] FANS goz &gt

FAN (mg/L) = net A of test solution x 2 x dilution / net A of standard solution

(7h A

H5 A = attribute difference testE T3t A T Tordista A EFey} dighAl 30% &

oA 10%-& st did Aes flsto] 24 sde) dehA d3ke] ANOVAZE =38 5 9]

omn wWiFo] FH taste¢l bitternessS 1L# 3G T 5709 Reference® (20, 40, 60, 80, and
100 mg/L-water of isohumulone solution)®] AF&%th. HAFA doj= EBC/ASBCI5, 4315
7o 2 Agd sjdEdd o AYEAy. #54 542 odor, taste, mouthfeel?} aftertaste

2 FAFY e S o] AEIEHAT. Odore Aromatic(O1), Cereal(02), Sour(O3),

Sweet(O4)¢}  Carbonation(O5), tastei=Aromatic(T1), Cereal(T2), Sour(T3), Sweet(T4),

Bitter(T5)¢} Carbonation(T6), mouthfeel® Carbonation(M1), aftertaste® % Carbonation(Al)
ot} Aeld EdEL 7]&EE ALE3l7] 93 reference materialE AHE3le] FAE AT

2 Algvid grbsof & 54 B wiiel ddS A-HI}EHM S ol &kl AU,
2 54 9 AdEE 0-108 HER HZFEATO0 R, 1-20 oFg, 3-4 B, 560 AF 78
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o sk 9-10: wl$- 7FEh. Block(#d)4, Al& 45, block size(¥'do] AREE AFT= 5)9f

8, 4, 5elth. ¥xH WMF= testdlel] 4TAA 15747 B F AFE3sSiTh

AAE 20T 9] tasting bootholl A/ A=At 10 mLe] A%+ random three digit code® &F

Ay @ FaF FaeH, 5709 ATt el A Foldu Agols odorel Wg A&

I % v S ol mouthfeel?} aftertastes H7ith & Alg & RE A& 3

e dEA vE AEE BriskA o didedeS AR & 0% FAAE 7ML
™

, =7} unsalted cracker®= & A F AAE Al

o

)
N
N
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M)

299 A HIFY Aol A a=0.059 FoF FFoA oldux EAHEA (two
way, ANOVA)3IFow, SAEA =223l SPSS (Statistical Package for the Social
Science Version 21.)S9]839t}h. Duncan’s U H| 2% (multiple comparison test) S 483}
=

2ol AS HAT e Aol BEALS a=0.059 FF FFolA EAHEA (Analysis  of

o

variance, ANOVA)3tR o FAFEA 23l SPSS (Statistical Package for the Social
Science Version 21.)& ©]&321t}. Duncan’s U4 ¥ (multiple comparison test)S %83}

At
(3) A}

(7h Bl W i}

Ao HEe 1A HE F F43 delglen 22 wE FkE 1 gaste] AHHoR
dagol AdHE etk (figure 24). AT 2T FoH <l Aol 7k A THp<0.05). 2
A dE F ove A A tEagtel] el ARl Aeolzh QI th(p<0.05). HlEwE Wl

AEYH g FE7HA AT HE =2 AS B £ AY Weizen W< ale W52 B
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1.010-1.0142 <A ok A@A iz o] ol 7p7pslen A 200WE A< 3
il " Sl F743] "olxE AL FA&%t Klomklieng[84]12] A+ 25H Z2S37 43
Aol a7t kil o, Neell63]9] ATEEEH 22971 Has ZXAA =t 3§
Ak webd AP AR vFo] A4S WolAH olF Fal Hae Ak B das A4

of thet 2arp dlSHof AlFe] HA A A=E &+ UM
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Fig. 25. Kinetic changes of specific gravity of ultrasound-treated beer of Dahyang. (I
Control, []: 120W, 2h, B: 120W, 6h, [I: 120w, 12h, N: 160W, 2h, BE: 160W, 6h, J: 160W,
12h, B: 200W, 2h)

Error bars represent standard deviaton (n=3)

Methylene blueE ©]
Zholl A thx, 120W 283l 160Woll e a2 7F xE5 o7 A8t th Boultond Quainell
mam gre 27 FYggo] ¢ 5 x 10%ells/mLY W, growth phase™= Hd] 2 log cells/ml%
T Eoue Aow Huy uF dud AR A9 9F 2 log cells/mlz F7Fstith ol &
120Wel 160Well A% AR 235 Bl shAIRE 200We] A-¢ &R A5o] "ojA= A
S g9 4 2t} Shifeng[159]2 strawberry fruitell 40 kHz, 250WeollA 9.8min®tel] yeast
population®] 1.68+0.07°4] 0.98+0.04% controlell H]3] #HAEHE AL QAL F =& 7

3= cell deathS Z#3tte= A3E HojFErh 23 LR E 229 E ZASHA

k1
lo
P
1:110

o5 o
log cells/mL®Z 57}t 1L, o]+ 2E Aol vl=3 A3 Yeh Ak
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Table 31. Kinetic change of yeast viability of ultrasound-treated beer of Dahyang

A: primary fermentation, B: secondary fermentation

(A)
The primary fermentation time(Days)
Sample
0 1 2 3 4

Control 6.43+0.08"" 7.46+0.42° 7.93+0.16 8.28+0.11% 8.44+0.28"
2h 6.50£0.24" 7.49+0.46" 7.96£0.15" 8.21+0.12° 8.49+0.24"
120W  6h 6.5310.36" 7.41+0.422 7.73+0.19° 8.14+0.05° 8.42+0.02°
12h 6.48+0.04" 7.38+0.37" 7.98+0.31% 8.30+0.12" 8.54+0.05"
2h 6.63+0.31% 7.25+0.50° 7.70+0.13% 8.17+0.10° 8.46+0.17°
160W  6h 6.40+0.41% 7.12+0.17° 7.62+0.07° 8.08+0.11° 8.31+0.34%
12h 6.34+0.42% 7.18+0.47" 7.57+0.14" 8.13%0.09" 8.25%0.06"
200W  2h 6.48+0.27° 7.24+0.14 7.24+0.16 7.29+0.29 7.37+0.04

1) Mean value with different superscripts

different(p<0.05).
Mean * standard deviation (n=3)

in the

same column are significant

(B)
The secondary fermentation time(Days)
Sample
1 2 3 4 5 6 7
Control 5.71+0.01* 6.42+0.12° 698+0.22° 7.28+0.14° 7.35+0.06° 7.39+0.14* 7.35+0.24°
2h  5.65+0.07"° 6.17+0.03" 6.85+0.28" 7.24+0.07° 7.31+0.11° 7.45+0.20° 7.47+0.28"
120W  6h  5.65+0.05° 6.33£0.26" 6.86+0.14° 7.05£0.05" 7.37+0.13* 7.40+0.02" 7.41£0.09"
12h  5.85+0.06" 6.24+0.13" 6.72£0.02" 7.01+0.09° 7.49+0.43" 7.360.05" 7.41+0.02"
oh  5.63+0.17° 6.22+0.13" 6.91+0.16° 6.99+0.21" 7.30+0.39" 7.35+0.09" 7.40+0.04"
160W  6h  5.65+0.07° 6.34£0.17" 6.86+0.06° 7.21£0.13" 7.29+0.12* 7.39+0.07° 7.41%0.24"
12h  558+0.20° 6.13+0.22" 7.08+0.02" 7.23+0.05" 7.33+0.04* 7.40+0.15° 7.44+0.25"
200W  2h  456+0.18" 4.83+0.04" 5.32+0.06" 585+0.32" 6.04+0.12° 6.16+0.05" 6.21+0.05"

1) Mean value with different superscripts in the same column are significant

different(p<0.05).
Mean + standard deviation (n=3)

E YERHSAY. o= Zgtell oa Azt o de HPow Qe 9 T o] kel 22
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Fig. 27. Kinetic change of color of ultrasound-treated beer of Dahyang. A: L wvalue in
primary fermentation, B: L value in secondary fermentation, C: a value in primary
fermentation. D: a value in secondary fermentation, E: b value in primary fermentation. F:
b value in secondary fermentation. (ll: Control, []: 120W, 2h, @: 120W, 6h, O: 120W, 12h,
A: 160W, 2h, A: 160W, 6h, €: 160W, 12h, < 200W, 2h.)

Error bars represent standard deviaton (n=3)
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Fig. 28. Kinetic change of free amino nitrogen of ultrasound-treated beer of Dahyang. A:
primary fermentation, B: secondary fermentation. . (ll: Control, [ ]: 120W, 2h, @: 120W, 6h,
O: 120W, 12h, A: 160W, 2h, A: 160W, 6h, 4: 160W, 12h, <1 200W, 2h.)

Error bars represent standard deviaton (n=3)
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s A Wskghel A= Table 32, 333 2t #He A A3 Aromatic &5 HE =
01, T19] 4=+ Hart Adds= HA S7hsts Fde 2l HTAEAA 01, TielA
7P AR g A EE 200W Agatel™ ol tixad thE AT {Fo4Q AolE B

Ful, JeEs YRy E 05 T6, M1, Al9] 4= 200WE A
ol3tar: tZzwtel HlE] Aol =gk ort young beer?] 160W A ETS AlQslas 94
2l ZpolE HolA GFETHP>0.05). Cereal s W= 02& L o] Zastd, iz
120W A3<te]l A97F 1 ghol 74 =) Cereal?] BHs YERE T2 160W 2h A 20|
M =S e Bolu dixdd F94 Aol sl THp>0.05).

Table 32. Sensory properties of young beer of Dahyang from the primary fermentation,

treated with ultrasonication

Beer from the primary fermentation

Sensory 120W 120W 120W 160W 160W 160W 200W
attribute  Control 2h 6h 12h 2h 6h 12h %h

01" 520:079" 5.10+0.74* 530+0.67° 510+0.74* 520+0.63" 5.10+0.88" 5.00+0.82° 3.50+0.53"
02  490+0.88" 5.00£0.94" 570+095" 560117 570+1.06" 550+0.71" 5.80+0.79"  4.90+0.88"
03 3.00+0.82" 3.10+0.88" 3.40:0.84° 3.30£0.67° 320:0.79" 3.40+1.26" 3.70+0.67° 4.90+0.74
04  470+1.16" 470£095" 490+1.10°  4.60+0.84"  460+0.70" 460+1.17" 470+1.16" 4.90+0.99"

05 5504071 5.6040.70  6.40+1.07°  6.40+1.07*  6.60+097" 6.60+0.70" 6.70+0.82"  4.60+0.84°
4.20*_]-31.03a

T1 3.90+0.99" 3.80+0.92 4.80+1.03" 4.80+0.79"  4.70+0.82" 4.80+1.14> 4.60+1.17"

T2 4.30£0.67°  4.30+0.67"  4.30+0.95"  4.20£0.79"  4.20£0.92" 4.10+1.20" 4.30+0.95" 3.70+0.67"

b b
. ) . ) L 240£0.70°  3.40£0.52 .
T3 2.70+£0.67"  2.80+0.63 3.50+0.71 3.60+0.70"  3.50+0.53 3.90+0.74

T4  430:067° 420:063"  470£095" 450:053"  470+067° 470£1.06° 4.40+052"  3.60+0.70"
T5  320£092° 3204063 3.40+0.70" 3.40+052" 350£053™ 4.00+0.67° 4.10£0.99" 4.70+1.25°
T6  600£0.82° 6.00:0.82" 6.30+1.57" 640£1.43" 640070 6.60£0.84" 6.60+1.17"  4.40+0.70"
M1l  610£0.88" 6.10:057° 6.10£1.10"° 6.20£092"  6.20+0.79" 6.20£0.63" 6.40+0.70"  4.60+1.26"
Al 6.30£0.82"  6.10+0.88"  6.00+0.82"  6.00:0.94"  6.00+0.94"  6.30£0.82" 6.30£0.67" 3.90+0.99"

1) O1: Aromatic odor, O2: Cereal odor, O3: Sour odor, O4: Sweet odor, O5:
Carbonation odor, T1: Aromatic taste, T2: Cereal taste, T3: Sour taste, T4: Sweet
taste, TH: Bitterness, T6: Carbonation taste, MI1: Carbonation mouthfeel, Al:

Carbonation aftertaste.

Means in the same row with different letters (a-b) are significantly different (P <0.05).

Mean+standard deviation(n=3)
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Table 33. Sensory properties of beer of Dahyang from the secondary fermentation, treated

with ultrasonication

Beer from the secondary fermentation
Sensory

WA Control  120W 2h 120W 6h 120W 120 160W 2h  160W 6h 1?(2)hW 200W 2h

01V 580+0.92" 5.80+0.63"  590+1.20°  580+0.92" 5.80+1.14" 5.40+1.07° 550+0.85" 4.70+1.34°
02  5.00+0.67* 5.00£0.82"  470+1.34°  4.80+0.92" 4.70+1.06" 350+1.27° 3.30+0.95" 2.80+1.14°
03 230+0.82"  240+0.70"  2.40+0.84° 240070  2.20+0.63" 2.70+1.64" 2.50+1.43" 4.20+1.03"
04  490+0.88" 520+1.03°  510£1.10°  4.90+0.88"  4.80£0.79° 4.60+1.43" 4.20+1.23" 3.00+0.94"
05  560+1.17° 560+1.07°  570£1.06°  590+0.99" 580+1.14° 6.10+1.20" 6.30+1.16" 3.50+0.71"
T1  590+057" 580+0.42" 540+1.07"" 530£1.06" 530£1.16" 4.70+1.25" 4.90+1.10° 3.30+1.83°
T2  430+095" 4304067  4.30+0.95"  4.40+0.97" 450+0.85" 4.30+1.16° 4.40+0.97" 2.80+1.23
T3  270+067" 2.80+0.92°  2.80+1.32"  280+1.14" 260+1.26" 2.80+1.99"° 2.80+1.87" 6.40+1.07°
T4  430+067" 43040.82"  520+0.92"  5.00£0.94" 500+0.82" 4.30£1.25" 4.00+1.15" 2.00+1.05"
T5  530£095" 5.10+099"  520+1.23"  540+097" 520+0.92" 550+1.08" 590+0.74" 7.30+1.06"
T6  530+067"° 550+1.08°  560+151" 580+1.23" 570+1.49" 6.10£0.99° 6.20+0.92" 3.60=0.70
M1l  520+063" 520+092°  530+1.34°  540+1.17° 550+1.08" 5.30+1.06° 550+0.71" 3.50+0.97

Al 5.00+£0.82%  5.10+0.88" 5.20+1.14% 530+1.06° 5204092 5.60+1.43" 580+0.92° 3.90+1.10°
1) O1: Aromatic odor, O2: Cereal odor, O3: Sour odor, O4: Sweet odor, O5:

Carbonation odor, T1: Aromatic taste, T2: Cereal taste, T3: Sour taste, T4: Sweet
taste, TbH: Bitterness, T6: Carbonation taste, MI1: Carbonation mouthfeel, Al:

Carbonation aftertaste.

Means in the same row with different letters (a-b) are significantly different (P <0.05).

Mean + standard deviation(n=3).

- 125 -



, free amino acid, 13 7]

)A

4r
Jjo
o

o] %7} FAN, 7

0
Bl

2 e

[==o)
K
iz

(3) A

1/2, 1/4, 1/4% 33] yFo] Yo,

[e)

oﬂ hOp =

=

u
05

(7h

tod 20Tl A 4

A 2] 3]

A7 &

Mo

PF

o
o

o
all

2

stttk o 7]l

rvze)

AJr

A

Nfo

Z7] W

9

bol 271

10-50ppme] HE= 3

T =
TEE

H

%
o
N
s

iod

Y3 0.5mL9

[e)

5-67F FiL 530nmel A FF =

Fo spectrophotometer(UVmini-1240, Shimadzu,

o

AR S=
2 37433t a-Naphthol solution 1mL

ol 1+
% Z& Standard curve

[e)

=

O]

7}

=]
=

[e)

ASBCHI[5]

o]

R

o]

=

=

Diacetyl &%

(4}) Diacetyl %
KOH-creatine solution

Kyoto, Japan)

At

3

=
=

}1\1_

o=

OO]:O

Fol diacetyl

o]-g3

=
=

-
[¢]

_Eﬁ
!

vze)

AJr

;O.._

J_,mo
Nr
]

T

A&

o

(th

21 (Analysis of

o

9]24
SPSS (Statistical Package for the Social

o

T

]

=0.059]
%J fe)

a
- 126 -

=1

194}t Duncan’s T8 2% (multiple comparison test)S % -3}

°

Fslom, SAZA
°l-&

o

=

IS

variance, ANOVA)
Science Version 21.)

(3) A}

fes ]



(7}) Diacetyl g%
A 2lol] 9%k diacetyl®] Xt figure 293 2kt figure 295 RW, §45 A2 5HA
=
[¢)

Tl mlef W

g

o
e YrTe A% AFRYE VE AFE PRz W

=)

diacetylS 38t &S ®lth Diacetyle X, pH, o}vial ol &S ol AAH =
o), @eky thake] diacetyl o] Aol FANo] 1 ¢33
Ao s Fooge AT Georgedl ©FH wortUlol] valine?] o] F=E=T AL

diacetyl =o] S7Fstttar sttt 214kl A thgko] H]s] wortoll =2 FANS#HS 71X

o
N
32
Ach
ko
oé
N
(i,
T
2
Q
o
o]
<
o

=N
10 ppm®] FEE ALG 45 b E daES ngov, I oFE §949 o] E wo|
A SFThp>005). #A ThEel A% A BAE 10 ppmAARL A5 A 2 FLES

Holil I o]F 2= FoAQl AfolE HolA &FAtHp>0.05).

diacetyl (mg/L)
[= 4]

Fig. 29. Time course of diacetyl concentration of beer of Dahyang during fermentation. (I:

9, 4 t3F) Error bars represent standard deviaton (n=3)
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49 9 23 WE 7Y, &
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(2}) Free amino nitrogen 3
e Few s

F Wst S AOACI61]o AAE S

Free amino nitrogen(FAN) & =
(Horwitz and Latimer, 2011). WI5¢ ©& d<nit; 2 mLE #3t9] 1mL ninhydrin® 3 7}3F
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F o@2rxzolAM 16 &< 100C= 7FEskdvt. 1 $2021 Tl A 2023 431 F 5
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FAN (mg/L) = net A of test solution x 2 x dilution / net A of standard solution

=43ttt DNSA| ¢F210g 3,5-dinitrosalicylic
sodium hydroxide(10g/L)¢}  Sodium
AlBm e gAlste] Abgglo

gl A bRt A

To 2 3o

acid, 2g phenol?} 200g rochelle saltE 1000mL<]
carbonate(0.5g/L)°ll &3 A1 A FnlstAtt. SAFS Ffatar 9l
H, g2 AlE ImL¥% DNSAISF 3mL& #< & Az $
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(B}) &sAA
s A= attribute difference testE T8t S dstn A FE Sy st 30% F
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100 mg/L-water of isohumulone solution)o] AF-&-%Slth HAFA <doji= ASBCGlE 702
AeE fd S o&] ATt B2 EAL odor, taste, mouthfeel¥} aftertaste® 74 5
Qo vy ol AESIHATY. Odor= Aromatic(O1), Grainy(O2), taste= Sour(T1),
Sweet(T2), Bitter(T3), mouthfeel mouthcoating(M1), Carbonatio(M2), Body(M3), aftertaste
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Table 34. Changes in yeast viability of beer of Dahyang with adjuncts added during
fermentation (R, rice; W, wheat; C, corn; P, potato; 10, 10%; 20, 20%)

(A)
Samol Primary  fermentation time (Days)
amplie

P 1 2 3 4

Control 6.78+0.10° 7.25+0.22° 8.08+0.02° 8.33+0.10°
R 10 6.73+0.06" 7.24+0.08" 8.09+0.03™ 8.38+0.12"
R 20 6.68+0.07" 7.28+0.23" 8.16+0.04° 8.25+0.14°
W 10 6.74+0.03" 7.27+0.50° 8.06+0.03¢ 8.2440.06"
W 20 6.79+0.06" 7.26+0.50° 8.07+0.02° 8.26+0.09"
C 10 6.62+0.18" 7.724£0.21% 8.13+0.01™ 8.39+0.16"
C 20 6.80+0.09° 7.96+0.11° 8.25+0.03" 8.45+0.12°
P 10 6.74+0.05" 7.85+0.23" 8.26+0.05" 8.38+0.09"
P 20 6.75+0.12° 7.69£0.17% 8.24+0.02° 8.43+0.13"

(B)
| Secondary  fermentation time (Days)

sample

2 3 4 5 6 7
Control 590021  6.91£0.05°  6.91+0.39° 7.26£0.07° 7.35+0.09" 7.56+0.11"  7.65+0.12"
R 10 6.07£0.01°  6.92+£0.08"  7.33£0.10°  7.40+0.17*  7.52+0.12°  7.55+0.25" 7.58+0.17°
R 20 6.1040.02°  6.94+0.10°  7.07£0.05°  7.41£0.08"  7.5240.02°  7.59+0.02°  7.67+0.04"
W 10 5.9540.04° 6.47+0.21°  7.02+0.16"  7.42+0.08"  7.48+0.18"  7.49+0.14"  7.52+.020°
W 20 5.95+0.02° 6.63+0.23°  6.82+£0.57° 7.124£0.17° 7.33+0.10° 7.46£0.13*  7.55+0.09°
C 10 6.05+£0.02"  6.90£0.08"  7.12£0.21*° 7.26+0.06" 7.31£0.03*  7.40+£0.11*  7.63+0.03"
C 20 6.0840.03"  6.89+0.08"  7.04+£0.09" 7.29+0.17"  7.34+0.09"  7.50+0.03"  7.54+0.06"
P 10 5.98+0.04  6.43£0.13°  6.86£0.18" 7.27£0.08"° 7.43+021° 7.54+0.20° 7.56+0.18"
P 20 6.04+0.03"  6.65£0.10°  7.31£0.06"°  7.39+0.07°  7.43+0.10°  7.59+0.08"  7.64+0.18"

1) All value is shown as mean = S. D. (n=3)
2) Different letters (a, b, c¢) indicate significant mean difference (p<0.05) according to

Duncan’s test between each samples.
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(1}) FAN 3
WE W EA43= ofvn| Aty FElo] = (dipeptides, tripeptides)E free amino nitrogen
< o SFste=d oA dHbARl A= HFFHEY olE

(FAN)e]g} 3t} FANS 23§

R =y
FANo] TR JIAHEORE AEH o] AaAors MFe Fdo S mA7] wiLolh

SHAITE =gk ko] FAN e gx o HEsh A8 oz olojd W FAS AsA|7]7]
uf o] vlghzlslx] kvl wE = FAN %9 W3l Figure 303 #t}
(A)

Primary fermentation time (Days)

(B)

170

FAN (mg/L)

20

Secondary fermentation time (Days)

Fig. 30. Time course of FAN content of beer of Dahyang with adjuncts added during
fermentation. A: primary fermentation, B: secondary fermentation. (x: control, O: R 10, @:
R 20, &: W 10, &: W 20, O C 10, €: C 20, [1: P 10, l: P 20)

Error bars represent standard deviation (n=3)
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Fig. 31. Time course of glucose content of beer of Dahyang with adjuncts added during
fermentation. (x: control, O: R 10, @: R 20, A: W 10, &: W 20, & C 10, € C 20, [: P

10, l: P 20)
Error bars represent standard deviation (n
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Table 35. Changes in specific gravity of beer of Dahyang with adjuncts added during

fermentation
Specific gravity
At the end of the At the end of the
Wort
Primary fermentation Secondary fermentation
Control 1.03840.002° 1.01340.001° 1.011+0.001°
R10 1.04140.001" 1.011£0.001°* 1.008+0.000™
R20 1.044+0.002 1.01140.001%° 1.008+0.002"
W10 1.041+0.001™ 1.009+0.001°¢ 1.007+0.001°¢
W20 1.04140.002° 1.009+0.001% 1.007+0.001°¢
C10 1.041+0.002™ 1.010+£0.000 1.007+0.001°¢
C20 1.045+0.003% 1.013+0.001% 1.008+0.000™
P10 1.043+0.003" 1.011+0.001™ 1.007+0.001°¢
P20 1.044+0.002% 1.013+0.001° 1.006+0.002°

1) All value is shown as mean * S. D. (n=3)
2) Different letters (a, b, c¢) indicate significant mean difference (p<0.05) according to

Duncan’s test between each samples.
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23 WE F 72t WMF AZe] ME: Table 360] UERIAT, RUw §go] FARSE 3
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Table 36. Colour of beer of Dahyang with adjuncts added

L wvalue a value b value
Control 35.56+0.13¢ 0.47+0.29° 17.79+0.22¢
R 10 36.72+0.14% 0.54+0.26° 16.27+0.08°
R 20 37.23+0.20° 0.16+0.05° 15.56+0.23°
W 10 36.70+0.18™ 0.45+0.07° 15.90+0.54°
W 20 37.08+0.14® 0.21+0.08¢ 13.89+0.55%
C 10 36.4640.12° 0.43+0.14° 15.69+0.05°
C 20 37.09+0.06™ 0.45+0.22¢ 13.89+1.37°
P 10 33.85+0.33° 1.77+0.64° 16.24+0.28°
P 20 33.65+0.39° 2.49+0.27° 16.53+0.28°

1) All value is shown as mean = S. D. (n=3)
2) Different letters (a, b, ¢, d, e) indicate significant mean difference (p<0.05) according to

Duncan’s test between each samples.

() e e, 2, AFGAA, G

24 WA} FRE F AEES $3e FF, 2%, AFNAA, FEE Table 5.9 hehy
oo,

Qe vs FAR ArhEe] dme Fol Eov FUm WP wdstel o w

2 dFEol AAEAT. Pickerell[121]9] w2
ATk H Ao M| A3yl vkt 7] FAN stdo] 71 =kdd 722} 20% 79
ARE dFE Fe 457+0.12% % 7FE =kar, A 10% A7 AR d4Ae

_(')__
S 2 20%, 2 20% H7b R E=A Wk

)
-
(T
o
0%

A& %7] FAN s#E3= @A 7}

- 136 -
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ARk o124 abol= LA THp>0.05).

Table 37. Beer qualities of Dahyang with adjuncts added

Alcohol (%) Bitterness Foam  stability Turbidity
Control 3.83+0.06° 16.03+0.18 378.34+7.05° Exist
R 10 4.07+0.12¢ 15.82+0.20° 346.57+9.31" Exist
R 20 430+0.10° 16.00+0.23° 344.47+16.07" Exist
W 10 4.03+0.06" 16.92+0.58° 356.71+8.59" Exist
W 20 4.27+0.06" 15.67+0.58" 355.7441.97° Exist
C 10 4.13+0.06 16.08+0.85° 336.12+7.56™ Exist
C 20 4.530.06° 15.67+0.78° 341.04+5.22% Exist
P 10 4.33+0.12° 16.5240.84" 336.1247.56" Exist
P 20 4.57+0.12° 16.63+1.19° 330.87+7.79° Exist

1) All value is shown as mean * S. D. (n=3)
2) Different letters (a, b, c, d, e) indicate significant mean difference (p<0.05) according to

Duncan’s test between each samples.
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ishAke] A table 380 vtehbeldh AdAom RAn Wt A 546l W

FATH 02& & 10%, A 10, 20% H7FE AL o2 A5 H7H7F gzt vls) sl A
th ol BYm HI7F ol wE HF W5 mE53 ubs Foste AS ousith Tl
20% H7Fsk Aelgto] 1 Fro]l 7FE =dth T2E A H7FE A3 RE ATl E
TR =2 #S By T3« 2y U 555 H7Ss o v i3S vEeERdY. M1 7
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2 9GS BAoy /F94 Apol= gAY
Table 38. Sensory properties of beer with adjuncts added
Control R10 R20 W10 W20 C10 C20 P10 P20
o1 5.1041.20° 5.30+0.95° 5.90+1.10° 5.10+0.82* 5.90+0.79° 5.40+0.97° 5.50+1.18* 5.10+0.99° 5.40+1.07*
02 5.1040.74° 5.80+0.79" 6.3010.48" 6.10+0.88" 6.50+0.42" 6.00+£0.67* 6.10+0.88% 5.70:0.95% 5.80+0.92%
T1 3.90£1.29° 4.70+£1.06®° 530+1.16* 5.10£0.99* 5.40+1.26° 4.80+0.79"° 5.60+1.17% 4.70+0.82% 4.70+1.42%
T2 440+0.70% 5.40+0.70* 6.30+0.67* 5.10+£0.88° 5.60-:0 84" 6.10+0.74" 6.20+0.79° 3.90+0.88" 3.91+0.74°
T3 5.60+0.84" 4.40+£1.07° 4.50+0.97" 4.40+:0.84° 4.2040.79° 4.50:0.97° 4.3041.06° 6.00-0.67" 6.10+0.74*
M1 4.20+0.63° 4.9040.74* 5.30+0.67° 5.00+£0.94° 520+.63° 5.00+0.94* 5.10+0.57° 3.90+0.74° 4.10+0.74°
M2 4.4041.07° 4.50+1.18° 4.10£1.20° 4.20+1.03* 4.00+1.41° 4.10+1.20° 4.10+0.88* 4.60+097° 430+1.16°
Afl 5.30+1.34° 4.70+0.82° 4.30+£1.16* 5.10+0.99* 4.50+0.85° 4.70+0.95° 4.40+1.07* 4.50+097* 4.70+1.16*
M3 4204148 4904129 520+123* 510+099° 530+1.06° 4.90+137° 4.80+1.14% 4.70+1.42° 4.80+0.79
Preference 4.02+0.57% 5.45+0.50° 5.12£0.36% 4.26+0.48° 4.08+0.30° 4.94+0.44° 4.65+0.50° 4.35+0.48° 4.15+0.29°

1) All value is shown as mean = S. D. (n=3)

2) Different letters (a, b, ¢, d) indicate significant mean difference (p<0.05) according to

Duncan’s test between each samples
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HFel s=HE

() FA#e & Ade] & FBoz BFe wsgade Adsar

ASBCE #aste] FA20x 6700 sid3bi= total CO2, bitterness, duration aftertaste,

alcoholic, foam volume, densityoll thal Z+7¢] contribution weightE Eoj& 3 2z} w39
sample®] 3] #FTHALS AP35t W sampleS 50mL 2 A3 Folol A wgl AFS
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H43 3 5 AFsdct. MF9) contribution weights= 5% HEZ (very slight=1, slight=2,
moderate=3, important=4, very important=5) Z} #3Z Q919 7|zZx%E 9% Z =(dislike
extremely=1, dislike very much=2, dislike moderately=3, dislike slight=4, neither like nor
dislike=5, like slightly=6, like moderately=7, like very much=8, like extremely=9)% H3==
atelth. ol & o] &3t HAFES A&t HAFE dA= ofgiet Eh

AEH 2AHE fuzzy setE Z2AF (A 1), fuzzy sets Alolel #AS A9 (4 2), input

fuzzy set¥} fuzzy sete] TAIE A (4 3), output fuzzy sete] defuzzification (2] 4)°]t}.

P(X) = (z,u, () z€ X, u, ()<= [0.1] (1)

o714 P(X)E HA set, x= FE L824 uX(x)E x9 membership degree©] th,

R(X,Y) = (z,y,up(z,y) € X, yE Y, Up(z,y) €[0,1] (2)

o714 R(X, Y)& relation fuzzy sets, ur(x, v)< x9 v¢ #4 membership degree©|t}.

U’U(y) :max[min[ulz (x)7u12(-r7y)}]7 l'EnyE Y (3)

714 u'x)E PX)e gigk P(Y)E RX, VYE245E F2 v input fuzzy set (P(X)9 H

$tQ A9l membership degree, uY'(y)i= output fuzzy set (P(Y))e] F& 242 membership
degree°] T}, max, mix2 ¢4+ Mamdani® ol o AsA

¢= Zyz Y yz Z y(yz) (4)

i=1
o714 C& P(Y)E defuzzificationdt deterministic value, n< FHILA F  JFolth
Defuzzification< center of gravity methodoll ¢ A3}t olgle] %= HAAFES H3 2HA

H AEA ol
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Table 39. Sensory evaluation form

I Belo] Aashe A+ 2ede AesA e

Lager Ale

2. Ak 20 e W W, W ofW S4o] Fravhn A%
A2
Sensory Very Important  Moderate Slight
attributes important
Oily O O O N
mouth coat
Gritty ] ] U ]
mouth coat
Density | O O U] L]
Stickiness | O ] O] []
Alcoholic N O O O a
Bitterness J L] 0 N [
Astringency O ] O U] L]
Duration OJ L] 0 N [
aftertaste
Foam volume ] O OJ J U]
Bubble size OJ L] 0 N [
Viscosity ] [] [ [ -
Total COp O O O 0 L

3. Folx WF Ane HEEE 9%

o
=8
it
rx
2
ol
>
to

Sensory 1

attributes
Total CO2

Density
Alcoholic
Bitterness
Duration

aftertaste

Foam
volume

O 0O oo 0o w
O 0O oo o d »
O 0O oo o g o
I O I B O =

[
[
[
[
]
[

O 0O o od o g S
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(1) FAN 3 =4

Free amino nitrogen(FAN) ¢
(Horwitz and Latimer, 2011). "5 w8 dnit} 2 mLE #H 3o ImL ninhydrin® 3713
H gefzdd 168 F9F 100° AR

=
dilution solutions Y ATt FFF¢ thEsFe] 570nmolA 30 ool 4 =E =43t

gEste] FRE(A)S HitolAB T blank FHES W ghe Aol FANS o A

FAN (mg/L) = net A of test solution x 2 x dilution / net A of standard solution

Fo] e DNSHE 7|Fo o] =439t DNSA|2F210g 3,5-dinitrosalicylic

acid, 2g phenol®} 200g rochelle saltZ 1000mLe] sodium hydroxide(10g/1.)2} Sodium

id

carbonate(0.5g/L)oll &3|AA TH|ALE UGS TF3tal Je Alasc FJ45te A&d o
5

B2 8 A7)

o 3 E AlmE ImLY¥ DNSAQF 3mLS #+ =9 A

ZAsath S49 F3 % 32 standard curveE ©]§3te] FdFFoz AESIATH

= = o

g FFE LA FHRAAE ol&dtel FAGG ¢S THAN F FAA
(211-DK-12, Daekwang, Seoul, Korea)E ©]&3to] SAstlon, ol& FHE &k IR E
T d2s FFE IS

oe 249 45 ASBCA AAE WEe olg3tarh el cock
g 29 o 448 Agstel AR 50 mLE 23 302 Fol AFol 99 a2

< AAsAT. L F 23027 AFo] AX= Ao A AL Fb)F e AF Fe)

S ZAsto] AEdAA(sigma)S SAEIAT AFHHAH S AEE = 4L ofgot 2o
230
E = - -
2.303log[btc]
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(5) IBU(international bittering unit) scale =7

wWo] Z&ubo] gk S A9 ASBCO AAE WHE Vo= st AFe] &Aoo
L5 J7tEE AAG AFE 20T 248t A4l 10 mLE #Hg § 05mLe 6N 4
Ab2k 20mLe] iso-octaneE 7Fahe] W

%
=
(1,036 x g, 3min) 3 ¥ iso-octane &= FH3l 275 nmolA FHFE=(A)E SAH3AT

P

g2

oft

ot & ZESA (250 rpm, 15min). I

IBU scale = 50 x A
6) A% 24

A=A (CR-300, Minolta Co., Ltd., Osaka, Japan)< o]&3te] 221 &g & #lzg =Fo] A

%= & L(Lightness), a(redness), b(yellowness) #2.2 =4

= d v
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e

7}. Equipment

=
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>
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(i,
(ije}
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wm
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ol
30,
i)
o
)
M
2
il
i
ox

() 919 ReEe WFE Fadnelel ool o BAE op

Ll

o,
lo
iy
r
%S,
D

(3 WA, F=g& 18 4¢ 24 ZEY wortd] ozl ofs Al

RE v A AAZE 7bestth shARE AN BHe] A AAVE HA il E=I shehgEol
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(4) WA wort
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H A aeration®
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714 7oA 9]

|
1=
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SR
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=
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lo] @ % gl whehA
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7F AE Fgol= mgdS wAsor d RUHY S Fste] 7| 5d HolH 2R

2

2l
H 52 dgE @ 5 vk S AA wGd S mAsof steAE ¢Vl A% A5 By, W
=

EUH Yoz gt a2 s=7F 1045 oA FEAYY Axe] FEo] olgy]
ARG R Frh 9Xg S o] 20 wA Al7IR Aok g

(4) Tref AgAo] AFHAYH ERE FA5lo], = viability staining, cell counting, purityY

TAAS 93 platingS E3te] @38 oz vwg 3AS F4d A9 5 Uk

3. Documentation

7}. Documentation and tracking

[e)
o
of W3 Ar+= EMY HFYH dde AFd ¢ dn AR ddd 2E JEE RYEAS

N

AR
| g8l AV Felut EABY xzade] gt WF AXYAES of BAE 5y F4s)

= o] uj§ HQsjr},
L}, Yeast information

(1) &5 g3 AREL o}y =

ke

grekar sl

ﬂJ

e Strain ID and Generation

e Cropped from fermenter X

e Beer style, volume, date

* Temperature of fermenter at harvest

e Age of yeast at pitching

e Pitching quantity by weight or volume

e Pitching rate in cells/ ml

e Cell count on hemocytometer

e Viability by methylene blue or Gen prime Easy Count method.

e Trub removal and yeast dumps
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e Sensory qualities of yeast (taste, smell)

e Lab results on yeast samples

t}. Fermentation information

(1) 49 way /2L R Z&L Pt s 487 Gk 2 bach] specs

ofele} 2t}

s

e Wort cooling/ Run in time

e Sterile wort sample

* Wort aeration

* Fermenter volume

* Yeast pitching details

e Gravity and temperature daily

* Time to half gravity or set target (i.e. 5° P)
e Final gravity

* (Cooling time and date

* Trub and yeast removal

e Forced ferment sample

- 147 -



R
28 AL B pitchdts Ae #FY WF AZQAN met veFsh ERe] 485
Wt B ASd dEde Wit 1 WiEe ofde 2l

Yeast strain

Generation

Yeast performance

Age of yeast

Storage conditions

Yeast washing

Sanitation— bacteria levels

Mutation

Stress: alcohol, CO2,pH,osmoticpressure,temperatureandtrub
Yeast handling Harvesting technique
Yeast growth during last ferment

Flocculation
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23}
de

(2013)

a. A Aol A A9 SAe]
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) 100% 158 Adstry] 93
-y AEA Y 7t 8 9
FAEA o] &
a. A&Ad Yo
(2 A= A Az WMol %2 9 e 1xd w9
BHE F3 dol A 100% Ao, A Az FA4 S
| obdze) ArlE A | A o2 E o
(%) 7t 7bsst s At
H O
a. AWM F FolH &
Eo]7] S8 Aje=
AREEA e 25T
Q) A o] A7= b.microwave W&
HqEe 93 xS ue 100% AEH g3t A 5442
microwave ¥ =Y Az, WAL ok,
G e AlWEA
F=E % 98E 55
=4
azere A EY 2k,
ZAANZE 58 2HEE FHH
1) =385 o]&3t 100% 1 39S A% A48 A8
N 6 ) . ==
33t 7= A b.¥aAzA gHE & F=
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nitrogen 59 24 4
0. WEAzE A% qE sen o e e
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. 35754

(1) SCI 5A =%

- Multivariate analysis for Feasibility of Korean Six-row Barleys for Beer Brewing. J.
Inst. Brew. Vol. 120, No. 4. pp. 3717378 (2014.9)

- Effect of a—-Acetolactate Decarboxylase on Diacetyl Content of Beer. Food Sci. Biotech.
Vol. 24, No. 4. pp. 137371380 (2015.08)

- Effect of ultrasonication on fermentation kinetics of beer using six-row barley cultivated
in Korea (Journal of Institute of Brewing, Accepted)

- Increasing fermentable sugar yield by high presure treatment during mashing (Journal of

Institute of Brewing, Minor correction)

(2) ¥]SCI TA =&

— Characterization of Fermentation Kinetics of Beer Made of Korean 6 Row-Barly. Food
Eng. Prog. Vol. 17, No. 3. pp. 1897197 (2013.08)

- Effect of Enzymatic and Ultrasonic Treatment on reducing sugar Production fromKorean

6-row Barley During Mashing. Food Eng. Prog. Vol. 19, No. 1. pp. 56761 (2015.02)

L 958 SR AZPHHT>

2. WA 629 ARYZ o §3 WX AL 7 % ole] AXPY P>
3. a7t FAE Fmel wole] A=Y YRS

4 BT QR R AL BEABATEL o>

1. Effect of enzymatic and ultrasonic treatment on the reducing sugar production from
Korean 6-row barley during mashing (2013 <t 3h=2] 3% 3}35}3])

2. s Ao ofgk mujql 6 o] WAl A H7E (2013 HE &= et 3])

3. The effect of addition of adjuncts on fermentation kinetics of beer produced from Korean
six-row barley (2015 -2t 3b=;2] 3 3}35}3])

4. Effect of enzymatic and ultrasonic treatment on the reducing sugar production from

Korean 6-row barley during mashing (2015 %-4F 3l=-2] 3£ w}3}3))
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Multivariate analysis for feasibility of Korean
six-row barleys for beer brewing

Ji Hyun Kim," Ji Kim," Eun Ji Choi,' Seung Ju Lee," Young An Kwon,”
Kwang Won Hong' and Wang June Kim'*

The feasibility of using six-row barley, which is produced more often than two-row barley (malting barley) in Korea, for beer
brewing was studbed. Besr was brewed from one variety of two-row barley [linyang, malting barkey) and four varieties of six-
row barley (Jasujungchal and Hinchalssal which are unhulled; Dahyang and Samgwangchal which are hulled). Using principal
component analysis of the material properties in malting, mashing and fermentation, and the sensory properties of beer, the
barley was estegorized into three groups: group 1 |linyang and Dahyang), group 2 (Samgwangehal and Hinchalssal) and
group 3 (Jasujungchal). Group 1 was distinctive for extract (dry basks), Brix and carbonation; group 2 was characterized by
alcohol, foam stability and sour odour; and group 3 was characterized by malt protein and sour taste. The brewing qualities
of group | were superior to those of the other groups. Among the Korean sli-row barley varieties, Dahyang was found io be

the most suitable for beer production. Copyright © 2014 The Institute of Brewing & Distilling

Keywords: beer brewing: she-now barley; two-row barley; principal component analysls
1 —

Introduction

Bear ks tha leading alcoholic beverage wold in Korea, with sales
estimated at U551,702,702,70%; it accounts for about 57.2% aof
tatal alcoholic beverage sakes (1) The essentlal ingredients for
beer are water, malted bartey, yeast and hops. Based wpan the
quality of the raw materials and the specific processing
methads, taste, odour and components in beer are differen-
tated (2. Barley is the maost critical ingredient and can be classi-
fied Into two-row barley (Hordewm distichon L) and shoe-row
barley [Hordewn wvilgare L) according to the grain array, and
hulled barley and unhulled (naked) barey by the differences in
adherence of the husk 1o the kermel (3).

It is generally accepted that two-row barley shows better
results in brewing than six-row barley. This & because six-
row barley has more enzymes and it has a lower starch/
pratein ratio than two-row badey. In addition, high amounts
of protein and a thick husk in six-row barley can result in
beer cloudiness and bittemess [4). However, studies on the
use of six-row barley for beer are being conducted in couwn-
tries such as the USA (5. It is recognized that six-row barley
has potential for brewing by increasing the extract of the
barley by breeding (4 and by addition of adjuncts to the
wort (71

The annual amounts of making badey (two-row), unhulled
six-row and hulled six-row bardeys produced in Korea are
estimated to be 26189, 42585 and 12443 tons, respectively,
and six-row barfeys occupy about 67% of the total amount
(8). Howewer, consumption of sicrow badey is gradually
decreasing owing to changes in eating habits, the imple-
mentation of free rade agreements, and discontinuation of
procurement. Therefore, there should be options to compen-
sate for the econcmic loss o bardey farmers in Korea (8]
Recently, there have been efforts to increase consumption
of six-row barley by developing various processed foods;

however, no studies have been reporied on the uie of si-
row barley in Korean beer production

The quality of beer can be evaluated sither by checking the
sensory propertles of the finkshed product or by checking the
results of each brewing step that i, maling, mashing,
fermentation. Generally, the characterhstics of malting can be
evaluated by analysing stesping time, carbohydrate/protein
ratio, and the thousand-grain weight (¥. Mathing can be
examined by measuring the amownt of extract (dry basis), pro-
tein and fermentable sugars (10l Fermentation can be evalu-
ated by measuring changes in specific gravity (11,12}, alcohal
content, foam stability, bitterness and cloudiness (13). In add|-
tian to these physicochemical methods, sensory evaluation
through quantitative descriptive analysis can be employed to
cordirm the qualities of the raw materiaks (74). To date, quality
evaluation on beers beewed by several bardey vareties has
been attempted (3, 15). However, there has been no character-
|zatlon of beers prepared by a number of Korean bareys In a
systematic and comparative anabysis

Therefore, to test the feasibility of using Korean six-row barley
for beer brewing, physicochemical characterization and sensory
evaluations of the finished product of each barley on malting,
rmashing, and fermentation were performed. A large amount of
data from each brewing step and sensary properties of finished
beer ware collected and analysed using principal component
analysis (PCA)L

L______________________________________________________ ]
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Abstract The effect of a-acetolactate decarboxylase
(ALDC) on the diacetyl content of beer was studied.
Diacetyl is known as an oft-Ravor compound in beer due
to its buttery flavor. ALDC is known to reduce diacetyl by
bypassing the diacetyl formation pathway., Hemin, beer
was brewed with two-row barley (Jinyang) and six-row
barley (Dahyang) cultured in Korea with the addition of
ALDC. The formation of diacetyl is reversely affected by
free amino nitrogen, such as valine. ALDC (0.02, 0,04, and
0,06 unit/mL) was added 10 the samples, and the physico-
chemical properties of the resulting beer were analyzed to
determine the quality. Diacetyl content was decreased in
proportion to the ¢nzyme concentration, The diacetyl
content in samples made from Jinvang and Dahyang
decreased by 25 and 15%, respectively. The diacetyl
content in both was acceptable for microbrewery.

Keywords: diacetyl reduction, ALDC, beer brewing, six-
row barley, two-row barley

Introduction

Diacetyl, a flavor compound, is produced by microbial
metabolism and found in fermented foods such as wine,
cheese, and beer (1), The presence of diacetvl could be
desirable or undesirable depending on its concentration in
foods. However, the presence of diacetyl in beer is
undesirable due to its buttery flavor (2). The threshold of
diacetyl in beer is 0.1-0015 pr'ml. (3-5), and many
methods are used to reduce or eliminate it. The levels could
be controlled by use of different strains of pitching veast,
control of the pitching rate, addition of valine to wort, or

Eun Ji Chiot, Hyun Woo Ahn, Wang June Kim (=)

Department of Food Science and Bintechnology, Donggouk University-
Biomedi Campus, Goyang, Gyeonggd 410-773, Korea

Tel: #8231 15 | dd; Fax: +82.3 10615185

Earmil: sikimiedongguk.edu

"r'ﬂ_._ Springer

adjustment of the ratio of amino acids to fermentable
sugars (6).

The conventional method of beer brewing takes 2 to 12
weeks. During primary fermentation, yeast is pitched and
the wort 15 fermented for about 3 to 15 days. Most of the
flaver compounds, including diacetyl, are produced during
this stage. In secondary fermentation or aging, which takes
about 7 to 30 days. the diacetyl is slowly reduced to less
strongly-flavored compounds by a process referred to as
dincetyl rest, which is the most time consuming process in
brewing (7-9).

The mechanism of diacety] synthesis and degradation is
well known (10,11}, Diacetyl is formed from a-acetolactate,
which is an intermediate in the synthesis of valine by yeast
(12}, This means that the use of valine deficient malt may
result in high o-acetolactate content. a-Acetolactate is
intracellularly  converted inmto valine or excreted, and
hecomes decarboxylated into diacetyl by a very slow non-
enzymatic reaction (13). Through diacetyl rest, a small
amount of residual yeast re-absorbs the diacetyl in wort
and reduces it to the less strongly-flavored acetoin and 2,3-
butanediol by yeast reductase (14),

However, the enzyme w-acetolactate decarboxylase
{ALDC), which is mot present in pitching veast, is an
enzyme produced by a modified strain of Bacillis subtitis.
It can directly converl c-acetolactate to acetoin by bypassing
diacetyl formation or reducing the diacetyl formation (15-
17). In this study, diacetyl reduction in beer was conducted
using ALDC, and its effects were compared with
conventionally aged beer, In addition, we studied whether
or not the quality of beer aged in the presence of enzyme
was satisfactory,

Materials and Methods

Raw materials Korean two-row barley {Jinyang) and
six-row  barley (Dahyang) were obtained from Iksan,

¥ xosrost
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Abstract

Beers are e of malted barley, hog, weaa, and water where the harley mall & he main ngredient There are wo
s of harleys, two-row and sx-ow tarley, Teo-row barley & principally sed in brge-scale beer brewing, wivenss
aii-row larley B inoorpaorated in amall scale ewing {es, microbrewery). In this udy, beers wens prepared from fiwe
varieties of Konn barley] two-nw barley and 4 siv-row barley, theoogh malting, madhing, and fermentation procesaes,
Beer feanentaton parmeles, mamely aloahol and discetyl conents, tobidity, Guon abiliy, free amino nitmmen
{FANY, yeasl visbiliny, cobor, and sencory progertks were kinetically audied From a prectical pomnt of view, the beer
made of Dehyan, one of the dx-row hardey mabsy showed the highest sensory preferences
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Effect of Enzymatic and Ultrasonic Treatment on Reducing Sugar
Production from Korean 6-row Barley During Mashing

Hye Jin Kim, Ji Hyun Kim, Seung Ju Lee, Wang June Kim,
Young An Kwon', and Kwang Won Hong*
Deparment of Food Scence and Biatechinology, Danggat Universin-Seon
'Department of Food Scence and Culinary Art, WooSuk University

Ahstract
The effecs of ulirasound and engyme treatments on reducing zugar production from Korean G6-row barley Dahyang
during the mashing process of brewing were shadied. The concentration of reducing sngar produced by the tradi-
tional method was 41.5 mg/mL. The reatment of both the ultraseund at 400 W oand amyloghcosidase (0.1 U/ml)
increased the reducing sugar concentration produced in the mashing process by 5% compared o the traditional
method. In addition, both Teatments reduced the ©ial mashing time from 115 min © 70 min. The comhinaton of
ultrasound and amy loglucoddase treamment increased the reducing sugar production vield by 17% during mazhing,

in comparizon with the traditional method,

Key words: Korean f-row harley, mashing, ubmasound, amyloghsoosidase, reducing sugar
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Effect of Ultrasonic Treatment on Extraction
Efficiency of Korean Six Row Barley during Mashing

Ji Hyun Kim*, Kwang Won Hong, Young An Kwon'
Department of Food Science and Biotechnology, Dongguk
Universitv-Seoul, Korea, 'Department of Food Science and
Culinary Art, WooSuk University, Korea

This study investigated how much ultrasonic treatment is
efficient in extracting Korean six-row barley (Dahyang) during
mashing. After mixing 50 g of ground malt in 400 mL of
distilled water, the mixture was ultrasonically treated using
ultrasonic bath (40 kHz, 400 W) for 10 minutes under thres
different temperatures (40, 50, and 60°C). When the mixture
was ultrasonically treated at 60°C, the amount of reducing
sugar and free amino nitrogen level of wort were increased
by 11.4% and 7.8%, respectively. In addition, the processing
time was reduced by half, compared to the conventional
2-h-long mashing method.

-057

Study of Meat Softening by Various Heat Treatment
Methods

Jin Ho Lee'*, Seul Ae Lee', Byung Su Kim', Dong Sup
Choi', Gye Won Kim®, Jae Yong Shim"*

‘Department of Food & Biotechnology, Hankyong National
Universily, Korea, “Brewing Research Center, Hankvong
National University, Korea

These experiments were carried out to investigate the effects
of different heat treatment methods (Sous vide, Autoclave,
Micro wave, Boiling) on the softening of various meats (beef,
pork, and chicken). For beef and pork, autoclave method
produced the lowest hardness (6.46x10° and 4.71x10° N/m”,
respectively), whereas sous vide method provided the lowest
hardness (2.80x10° N/m®) for chicken. The largest change of
density was 0.313 glem’ for pork by boiling. The density
change of sous vide-treated beef was 0.206 g/cm’, and that
of autoclaved chicken was 0.559 glem’. The overall shrinkage
after heat treatments was lowest for sous vide method regard-
less of meat kinds.
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Effect of enzymatic and ultrasonic treatment on the reducing

sugar production from Korean 6-row barley during mash
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15 San Miguel Brewery el 76 174 -15% 10% 1.0%
A9 1570AL 27 1,269.8 1,287.1 1.4% 72.5% 73.8%
# k& @ Impact Databank
NE7l=9 Qs 43 2 7|ad
b s BEAEY] 54, 0 5
O MA FRrAS 7195w A4, ‘ags), ‘24 32 Ao olrt, HF A dFEAL &
2ol UF Fe 3 avldEe BAS Bu glor Ad, f70%, FAML, 7154,
ALz 5& A3 Aol
O A7 s F7eke 99, 23t 5% g8 i B0 3 &85 Hd538)
= Aol HFo FARYE o]&e uFd ZYuYd HFEAZ V=] S A9
AAety 7wt = AEsE 98 AGuFAH R AANTI= o] uEAE A
ot}
O @5 dFow a9 AFoln 24 &9 2u7t 53 glonw s]Ee] wiel s
H aguSFE Aete] se Aok &S o gtk JHAME Sl EAE
& F9aR Axshe AFF Al 349 ke A6 FAE s, wAga, F
AAZA A, M2 Ax7|= /ME 5 GFALY A Yol Zstd o)
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AFs 71+
Yo 1A = 22Pd = A= A% | 5RIE = Al
[=] =
A AA a3 0 0 10 100 500 610
ZAAAH s8I 0 0 100 1,000 5,000 6,100
B R &l 0 0 100 1,000 5,000 6,100
T A 0 0 210 2,100 10,500 12,810
DAY AAEZY B A3aa) AEr)Ee Ad3E E& Zldde AEY EY FAX
2) AAA sFaz B AFGA riEe] AdEE T3 wrta5aY vednan 5 FHA
3) B A FE B AGYA e AAEE B 7dEE FEEY, BdETR 5 FHA
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1. Title

Determination of Korean priority sensory attributes of beer by sensory analysis with fuzzy

reasoning
2. Abstract

The sensory attributes which contribute to Korean preference for beer were identified in
terms of their priority through fuzzy reasoning on sensory data. The priority attributes
have the high contribution weights to overall palatability. The contribution weights of the
attributes were simply surveyed, and the palatabilities of 12 individual attributes of 20
beer products were sensory-evaluated by 100 Korean consumers. The overall palatabilities
were fuzzy-reasoned by using the individual palatabilities and their contribution weights.
It was found that the estimates did not agree well with the experimentals. This indicated
that the primarily surveyed contribution weights could not represent Korean preference
and there could be several Korean groups with different preferences for beer. Therefore,
the consumers were divided into two groups preferring lager and ale style beers,
respectively. The agreements between the estimates and experimentals could be increased.
The top three attributes with higher contribution weights were ‘total CO2',bitterness’, and
‘duration aftertaste’ for lager—preferring consumer group, and’ alcoholic’, ‘total COZ2,

‘bitterness’ for ale-preferring consumer group.

3. Introduction
oF 24 =Y AMA F

25 AFA FR AT 89 wh we wEe shdlo] 2}
B3 gtk 1 FOAE @
]

A
= 2011d A A WS AM]eFo] 2F 19billion hectoliter®= &3 A}

Geow AfEel g ML dinkz Addy Hew, 9% AR %u g 4] ol
AT Qe AR BHIAE AEF EMFAL Ase] Wl WEE 2004
(30.5%), 2010 (34%)= A&HA o= o] 2011de] gh=glo] 713 ’?ﬂi’é% 2 W
(797 £FGA%)Z FAT. ol 2FRT B4} vo} Futo] Aol de F3} AHF A}

el A wEel] FHel A f-E

ofo QI7I7F W2 Ao R AbmHTh
=TT Tk viEel =

H] 24% S 78T ol & =
wEba 1) e W Al Ao s Qe JAte] Xde AR 2) thgd WFE

Qur o AlgEe] Asst: WEE M ¥ W 9FL WA factort TR A

7]+ factor(brand, price, distribution, differentiation and packaging)®} sensory attributes®
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T Utk o] T Bal=u anjxbe] 37 Ade] WE Aok FaFs vA= A
o2 WFo HF HAHL Y Fa5H X—}%"ﬂﬁ}. WE9] sensory attributest® A
aroma, appearance, taste, mouth feelZ Y™ meilgaard®] beer flavor wheeld] <£]3&}H
worty, phenolic, rancid, mold & 457 o]Ae] wolz AT = A} AT o]F A F&
xdE T ¥R AFE A9 o F8sHA 1t S A AAE R, A= =

7Hd, wEbd R s Zlolv Italye] WS AR[AES Z I BAl=e] xgt FrEtE

Mzg wWE sEpelo] A7]7h wow Wad %ae Fue] Re WFE As e 2w F
o] AMASE Ut AnAd 2 23EA Pan 4d %S dojat Aow T
N =

o] ¥k oyl < VINEPAIRAA A AAE didoz vebd 7P dsstes WFEs 27l
=4, "= bud light, mexico= Skol, ©] &< non-alcoholic beer, 4= Bud light, 7§14
U= budweiser® A5 stE Ao 2 YEldt) o]S & 2 W39 sensory attributesS 4
s yegeith F238kA A7tk sensory attributesE & 4 Utk obF ghare] AH] A
A 23 A AZs= W9 sensory attributesol] #WIH I T A= AR A Aot}

fl

Ao vte AAst=d Y et FAJAE dotdr] fsiA ES
= A

st ol Ak Lee 52 &AIAY Fo3 FHAJNAE surveystal HA S

L5 FAse ATy Chunfengs S=av| a5 WFe] uho] 7 s F& FAAIAE

surveystal Al HA FEato] FAIststATh. 22U surveyE st HHSHaL wEA BE
<= Atts Aol AARE BHE B A ek SurveyO}‘C 2 7H‘ﬂ9] 71l €]

1:1
AHe & = Fo]l S AbEkA B e]7] Uﬂ%oﬂ & A9 %ka 47 FE #
O Ao s 27 5 Aelvh dA Leewt Chunteng®l ATolA F2std F4
feh 7t AR el #e ARske] @i %X‘OMM HNaw ]

)

Yo, L L B ofy
oo O
ol

X
e
T 9

Eoldk HA| ©olHEe #AAE HA Frstst
1 HA HolHE AL
deterministic #ke] obd ofnf L5 3}
£S5 Yeded wie Z3A o 4
deterministic #to.2 AT A= HEEY SHEG, 4, 3, 4, 3, 2, 4, 2, 5 )&
((3+4+3+4+3+2+4+2+5+4)/10=34, F=HA= 097)S YERAT 22 H =] dHolH =2
Aol {2, 02), (3, 03), (4, 04), (5 0.1)}=A 2, 3, 4,59 A dHelHE H3ho=z
AABE 7 kol digk A5 =<2 02, 0.3, 04, 0.15 &4 A e ot} =, deterministic
o] HelH = Hugkd F5UA vhE AlAEte] AA g ARV fFAEHE 9 3] fo]
B AA @9 AE7F adE BEH o] AREALY] # Hep ololl AA AFe #
SHAAM #HA HolE Y A& AtEle FUHE L e AAolv A HA oyt &R
A FE AE dof sted 7P 4Ad 84T HA W] #Aelth HA #A=

Mandani’'s, Sugeno’s Tsukamoto's WH o2 F2H =1 sausage® TS5 AALY] A foleE =

o
N
-1N'

=l
o\ -

)
)

)
rE
_{
o
rJ
o e

B
o
>
Lo,
=,
N
il
o)
M
Y
ol
i
lo
iy d
ﬂ
N
N
o
oo g E e o

o B oE

A et

it rﬁ
2
ki
u-[o
O,

_4



HHgR 7 e Vak, FENMsRs A VR AAHEAL, AA A=
2t HesAde Tarmet S FEHA ook ol HA| FEoM = HA BATE G ol
a

kA o AFol A dapdo] mH e Fog W] AFEHAHS doldly] 8 HAAF
25 AgeAdn AA o] AFgHA FRREE survey HANREEH Adeon 7 #F &
Ao 7 xs 207HA W5 ds HAeRY AT Surveyt AHIAF HEES o8 w(lager
Ao, ale Aoz pro] &8t on, 72 survey A9 A4S %
Z A o

4. Material and methods

4.1 Samples

Koreadl Al #mj=E= A9 thH-E 9] domestic and imported ™FZ, lager-style beer 127§ <}
ale-style beer 871, A Elsle] -5 Aol AFE3FA T lager-style?] =9l = dry, pale, light,
] == =2 =

pilsner lager 4%¢°] WFE ¥ 31311 ale-style?] W Fol+= abbey, gold, Belgian white ale,

brown, dark, pale, wheat 5 t &3 Wl=5 o]83} 3 th(Table 1).

Table 1. Identification and characteristics of the 20 beer samples.

Code Type of beer Country of origin Category
1 Dry lager Japan
2 Light lager U.S
3 Pale lager Korea
4 Pale lager Germany
5 Pale lager Japan
6 Pale lager Netherlands Lager—style
7 Pale lager Mexico
8 Pale lager Belgium
9 Pilsner lager Korea
10 Pilsner lager Czech
11 Pilsner lager China
12 Pilsner lager Germany
13 Abbey ale Belgium
14 Gold ale U.S
15 Wheat Austria
16 Belgian white ale France
17 Brown ale U.K Ale-style
18 Dark ale Ireland
19 Wheat Belgium
20 Pale ale Korea
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4.2 Procedure for determination of Korean priority sensory attributes in beer
@iclo] Fastl Adste WFe EAAAE 27 9% AAE Fig 19 2ok Aol

2 278E survey2RE Ao 7 FLAAe] FoE F M ﬂw—% iz Ade A

gah= glojth. O A s HARSH dofd Vses HA F 7159 Apol=

7é7< . ‘ﬂ?ﬂ survey=ZFH 7} #2412+ contribution weightE LHX] FEOZ I
= A Rl = B B et

g WA FEOE FHHC). B, C BAIAE
Ali GOl P AAEEE A0 A ED A4 AT dolEs ALSROHD), £9
sy kel AFEE A V1S EE Bes BEdARRE Qe

_4

o —lN

First step: Survey for Korean priority sensory attributes of beer, thereby fuzzy-reasoning
their weights

h=tolo] QA AZetE WFo EAAAAE surveyE E3 FAMSFA T Survey:E 100
o] sl MR A AEAE T3 THse A o2 o] FolF ) Table. 29 survey A
wA el ol 127FA Wl FAIAlel thsto] F oA AztH = éE
slight=1, slight=2, moderate=3, important=4, very important=5) A== 3}t WF3%
Adatz ASBCE #a3te] oily mouth coat, total CO2, density, Stlckmess, alcoholic,
bitterness, astringency, duration aftertaste, foam volume, bubble size, viscosity, gritty
mouth coat® AdEstATt EHe] Al 7 ”—'.‘Zr%él‘?lx}oﬂ 3t voteTrZHEH FTLE
(contribution weight)S A F& 3t} & voter Z3+E= 37HA] A (AA A, largerd
SRS aledSH]E) EFete] 4 I T set7F AAEHJAT AVIA AREEH HEFA
+ table 29} 2t}

7H T = (very

Second step: Sensory evaluation of beer for preference of attributes, thereby
fuzzy-reasoning overall palatability

ol A AR E = 207HA] ol disto] BeALE AAs T s A AR 1009 9
Q1 ZmAtell Al WFo Vs s 714/‘}6}91‘4. Surveyoll Al WEhd FA%E7F =2 6714
Qlzbel thsfA WMo VEZEE 9% FH E(dislike extremely=1, dislike very much=2, dislike
moderately=3, dislike slight=4, neither like nor dislike=5, like slightly=6, like moderately=7,
like very much=8, like extremely=9)% W3lLZ 3ttt #HA A3 AA7Z%
(overall palatability)E ¥ A F2 3}

o o
A

The last step: Comparison between fuzzy-reasoned and experimental overall palatability,
thereby determining Korean priority sensory attributes with highest accuracy

Survey25-E Aol 37H4] T % set T 7HF Bl w2 setE AEssiv. AFA
e MF Ane WA FEA A4 /sEsh 44 BEAA B QAT SR Aolg FAY
(o]

= grfstel AA4 s
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Table 2. Survey form for contribution weight of sensory attributes of beer.

I Belo] Aashe A+ 2ede AesA e

Lager Ale

~

Ol

2. Ast7k 2We H@ o, e ol 540 T8

Pypa?

Fobar Azksl7el

Sensory Very Important Moderate Slight

attributes important slight

Oily ] U L [

mouth coat

Gritty
mouth coat

]
]
]
]

Density
Stickiness
Alcoholic
Bitterness

Astringency

O 00000
O 00000
O 0O 0000
O 0O 0000

Duration
aftertaste

Foam volume
Bubble size
Viscosity
Total CO-

O o000
O 0O 00
O 0O 0o
O 0O 00

OO0 0o ogd

N I A

3. %ol WFE A HEEE 94 HER AHsA e

Sensory 1

attributes
Total CO2

Density
Alcoholic
Bitterness
Duration

aftertaste

Foam
volume

O 0O oo 0o w
O 0O oo o d »
I O I B O =

[
[
[
[
]
[

O 0O o od o g S
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A set of weight{or importance)

L AP il ' o 5 t
of attributes (A) Preferences of each attributes (B)

Try with

Gt gk Prediction of overall palatability (C)

NO

Accuracy of
the prediction

Determination of weight of
attributes with highest accuracy

Fig. 1. The flowchart of algorithm to determinate Korean priority sensory attributes in beer

4.3 Fuzzy reasoning
AdE $AEY fuzzy setS 24 (2 1), fuzzy setE Alole]l #AES A9 (4] 2), input fuzzy

set¥} fuzzy set®] TAIE A (2] 3), output fuzzy sete] defuzzification (2] 4)°]t}.

P(X) = (z,u,( @)l z€ X, u, (x) € [0.1] (1)

o714 P(X)E HA set, x= A4 uX(x)E x9 membership degree©] t}.

R(X,Y) = (z,y,ug(z,y))l z€ X,yE Y, Up(z,y) €[0,1] (2)

o 714 R(X, Y)& relation fuzzy sets, ur(x, y)< x2} vl #74 membership degree®|t}.
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u',(y) =max[minfu, (), up(z,y)ll, z€X,yeY  (3)

o714 u'(x)E PX)el tigk P(Y)E RX, VYYZ5E F23 v input fuzzy set (P(X))e]
2 2 2] membership degree, uY'(y)+ output fuzzy set (P'(Y))2] 3249 membership
degreeo| ™. max, mix® 42 Mamdani® WHell o] A 33l

n

77 1

o714 C& P(Y)E defuzzificationdt deterministic value, n< FHILA F 7ot

Defuzzification= center of gravity method®l| <] 3}it}.

2 A s T FBosts FAJAY] Fokel WFo AA V|EEE A FESH
Gt Table 39 #Zo] PX)¢t P(Y)ZHH R(X,)Y)E buildstal P(X)¢ compositiondf A &
P(Y)E AHzslsit).

Table 3. Fuzzy set variables used in reasoning contribution weight of attributes or

preference of attributes

9% FARIX FE AR 7|2 22
P(X)* SurveyollAdl 12id 2t 5% 55 %]}%}gx}oﬂq 3y zF =
o]X
P Surveyollq dojxl 7z Ho & Sgof | B5ZALA dojxl 7t EA
it SAQAX} QAo TSt 7|5 =
P sad APIE wAd sew 52 | sad 244
P Fad B2 A 7 5E

+*P(X), P(Y) — R(X, Y)
#+P’(Y) = R(X, Y) e P'(X)

4.4 Sensory evaluation

PHro WFEE vlME Ao U= AH[AEANA WF randomized incomplete blockd & &2
A A1 3FA . Randomized incomplete blocks ¥ 7}3F sampled =7} B& uf AFEEH &= HH o
2 207HA1 S oW AA 3 3 4719 WFE HIUISHA Auh HAECA AMEEE WS

S} A

R 4Te 98 2agden #sHdA Al sample®] &%7F 10CE A =% 143
Q)
=

AYFATh. = AT AT A, AR ST moldA W AR ¥
Frelgol dob AFsA 1Y w AEI} AE Aelo] 1084 14 Fu ANFGCH, B
WHEOR Rgadn FRE L M £ RS B2 AT SAvh doly 2Ae 57



A2 vre] Adsiat &, BE WF-EE A4, larger WF-EE 9d, ale oS
4, larger W F-largerd s 39, ale WF-aled s dd9] A2 HolHE B/l 4

of Ab&stAt (Table 4).

Table 4. Grouping of Korean consumers and beer samples for determination of beer’'s
sensory attributes.

Consumer group
Beer sample

Whole® Lager” Ale®
Whole? Case 1
Lager® Case II Case IV
Ale? Case I Case V
45 Statistical analysis
W] HA VExE HA FES G AP dXE=E FAs7] 9189 MSE, bias
factor, accuracy factorE -3} t}.

Z(Nexperimental - j\/vealrtimmfed)2

n

MSE =

RSS
n

(Z1Og[‘chxpe‘rinze‘rztal/‘]v;estimated}/n)
Bias factor = 10

ZIOg eehmm‘er]/ expenmfnml}/n)
Accuracy factor = 10

MSE(mean square error)@ o|S3te] A& SAS= 7FY RAH WHoR oS3
A& zre] xpolE Halel oz yehfle Aolth gnbF o7 MSEE modehngO] data®} &
npu A E AR s WHoe R MSEFe] Atk A2 2Ake] A Aeolal o= A
o] ox7F At AL on gt} Bias factor®t accuracy factor: modeld A& AS A58}
71 fl8) AlAitelE A S 2 bias factor= 99 up and downs 74 3}il, accuracy factor=
of| 3kt A gkl Aol & S35k Aot

F7tHow AA 715w Ak o2 Aol= HY] Yol MS Excel ZE218S A}
/3t F-testE 3kt

Lo
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5. Results and discussion

5.1 Priority sensory attributes of beer from survey

AHA7E MEE A o a5t aeste FE890S 4] A8 A Asidt A
Ao 2 3 E2 Q918 127FA & oily mouth coat, total CO2, density, stickiness, alcoholic,
bitterness, astringency, duration aftertaste, foam volume, bubble size, viscosity, gritty mouth
coatE ZAu|Atol Al Aottt A lagers} aleWFE &, a0 Aolm <l wWF9
Sodo] Aoldith. %, lager® T FHF AFN HEelw, 2R sde] 54 W ale
i ovddel 1@ B F o] &uto] FH Siolrh wa wAe] Aol uril el Aol
2 op/|Stu o|2RE 7} Fe] T4l s A 8dle] tE Ao o4 & F Atk w
H}E AA 1F, lagers} aled HA3IsteE 180

(e}
AE 2 77 Wiro] 84 ahe
&4 el 2 159 surveyd 3+ Table 59F 2t}

o
eI

O

o

ko
ro

rr

-~

Table 5. Vote result for priority sensory attributes in order of whole, lager, ale-preferring

consumer group

Sensory

. a a a a a a a a a a a a Total
attributes ! 2 3 4 5 6 7 8 9 10 11 12

. Very 3 49 9 2 37 41 12 26 2 10 4 3 198
1mportant

Important 18 30 24 7 43 37 28 45 26 24 12 10 304
Moderate 26 15 38 19 12 14 26 20 40 17 28 18 273
Slight 40 5 19 44 6 5 24 7 22 36 39 42 289

Very 13 1 10 28 2 3 10 2 10 13 17 27 136
slight

a%terrilgg‘:gs a & a a4 as a6 a7 ag ag ajo aj a;,  Total
o very 0 30 4 1 14 25 4 20 1 8 2 0 109
1mportant

Important 12 19 18 3 33 24 14 26 12 21 7 6 195
Moderate 19 9 20 10 7 8 17 11 23 9 15 13 161
Slight 24 2 14 27 5 2 18 3 16 18 22 24 175
Very slight 5 0 4 19 1 1 7 0 8 4 14 17 80

a?terrilliﬁg S a @ a3 a4 as a6 a7 ag ay aio aj an Total
. very 3 19 5 1 23 16 8 6 1 2 2 3 89
1mportant

Important 6 11 6 4 10 13 14 19 14 3 5 4 109
Moderate 7 6 18 9 5 6 9 9 17 8 13 5 112

Slight 16 3 5 17 1 3 6 4 6 18 17 18 114

Very 8 1 6 9 1 2 3 2 2 9 310 56
slight

al: oily mouth coat, a2: total CO2, a3:density, a4d:stickiness, ab:alcoholic, a6:bitterness, a7:astringency,
a8:duration aftertaste,a9:foam volume, alO:bubble size, all:viscosity, al2:gritty mouth coat

survey 23 ZHE FH Q90 FTLLEE HA FE37] H3 194 #FPer 7k £4 a9lo

5l FLE Sde £8 AEF figure 29 o] VERRAL HA FEH] AAA B

_
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AA 7a=s veded 24 54 820 7ldsts A=E HAHNYE PWE YHEWIL very
important, important, moderate, slight, very slight®] $2%= S5 WA PXE YEWL
dZ HAA A very important =l W3 oily mouth coat®] vote & 3¢]iL ZA
voteTT 1982 A& Ew Fotel e H&<l 3/198=0.015= e AT

0.30
0.25
0.20
0.15
0.10

0.05

Fuzzy membership degree

0.00
al a2 a3 a4 a5 ab a’ a8 ag ald0 all a2

Sensory attribute

0.30
0.25
0.20
0.15
0.10

0.05

Fuzzy membership degree

0.00
al a2 a3 ad as ab a’ a8 a9 ald all al2

Sensory attribute

0.30
0.25
0.20
0.15
0.10

0.05

Fuzzy membership degree

0.00
al a2 a3 a4 a5 a6 a7 ag a9 ald all1 al2

Sensory attribute
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030
0.25
0.20

015

0.10
0.05

.00

Fuzzy membership degree

al a2 a3 a4 a5 ab a7 a8 a9 ald all a12

Sensory attribute

0.30
025
0.20
0.15
0.10

0.05

Fuzzy membership degree

0.00 *a—o —e o 9o & 6 & 6 & o 9
al a2 a3 ad4 a5 ab a7 a8 a%9 ald all al2

Sensory attribute

Fig 2. Fuzzy membership degree for priority sensory attribute

(A: very important, B: important, C: moderate, D: slight, E: very slight)

Tk w12 JE PYE 2 8% swol AvAe] W HdE Al 7ot AEE UEUE H
A Fgo g FA3] very important’} 0.4, important”} 0.3, moderate”} 0.2, slight”} 0.1, very
To 2 7FA43A vH0.4+0.3+0.2+0.1+0.0=1.0). WekA HFHo=2 72 275 FH 8

Fuzzy membershipdegres
Fuzzy membershipdegree

a3 a4 a% ak at a8 a9 ald a1l an? al a2 a3 ad a5 a6 al a8 a9 alD all alz

Sensory attribute Sensory attribute
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Fuzzy mebership degree

al a2z a3 a4 a5 a6 a/ a8 a9 al0d all al2
Sensory attribute

Fig 3. priority fuzzy sets of sensory attributes for each consumer group
(a- whole consumer group, b— lager preferring consumer group, c— ale preferring consumer
group)

Figure 3& ## F849 37FA ol dig M = | Aol MRS5S
7t F4 808 YE Aolu AEZHE 7 %@ﬁ‘iﬂ 245 otk TS fig 39 (a),(b),(c)e=
ZzF AA-E, lager AR, ale A5 Tk HAA FJFolvh. A JAtolA LEEe
0.25/total CO2 , 0.21/bitterness, O. 19/alcohohc, 0.17/duration aftertaste, 0.16/density,
0.15/foam volume?] o2 YyElytth Lagers A33teE e 2&EEE 0.28/total  COo,
0.23/bitterness, 0.18/duration aftertaste, 0.17/alcoholic ,0.14/foam volume, 0.12/density®] <
2 yehytl mir e s gled M3sEE Jue AExE (0.26/alcoholic, 0.21/total CO?2,
0.18/bitterness, 0.17/duration aftertaste, 0.16/density, 0.15/foam volume® +9o = YESTH =
Al Z2FolA 2 =2 229 contribution weighte} =971 @30 A 154 FE8HoE+=
oily mouth coat, viscosity, stickiness, bubble size, gritty mouth coat, astringency”’} %< 4
£5E5 HAd waA 12709 FE 8¢ T AR =2 6719 FH8%s AdEste] HF
207 Aol tisl s A skt Be A AAEFEH AA VSRS HAFES] flste] Al

A mE EAQ0 Far HA JPE AHEEAT

3 A

5.2 Consumer preferences of sensory attributes of beer

o

AdteE 67fe] FA @9l tiste] e AF $F 20714 WS F sample Aol ™3 voteF =
table 63 #Zth Fgk 7} FAAALe] dish s A AHRZREE A5 HAA VEEE HA F

2317] Y3k 1dA Ader 7zt 7|k T30l sld HA £33 AEE fig 49 o] YERY
At

=
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Table 6. Consumer votes for preference of sensory attributes of beer sample A

Hedonic scale

Sensory attribute

1 2 3 4 5 6 7 8 9

Total CO2 0 2 6 4 16 9 10 8 5
Bitterness 3 5 1 8 0 21 13 6 3
Ef‘t‘;‘;‘tt;‘s’?e 4 1 1 8 7 15 6 8 0
Alcoholic 0 6 2 8 16 4 14 8 2
Foam volume 3 1 6 9 18 8 7 2 6
Density 6 2 2 8 24 8 7 1 2

Sample A9 HA 7[ax=& #X FEa7] 984 7 71E% swol Y F4 8dd &

AEE A PYR 93 £49 T8E AR FJF S PZE YRk o2 A3 PY

sample A°lA] total CO2¢] 713 % F voteZ} 60QH 7| &% 3552 vote & 622 2%

= 10/60=0.12 AR oA dA 7|E=E &S] fstel #HA JE PYe HA A

PZE FAstslth o714 AMEE A {3 PZ= 17 3-bolH, sample A lagerAl g 4
3

24 lager el WF Fd 2l Fox'e Fade Aldsk=t AR E AT

a b c
030 030 030
$o2s g 02 ¥ 025
¥ 020 & 020 ¢ 020
B " - el -
b B o
*Fﬁ 0.15 G015 G 015
(7] 1] )
2010 E 0.10 -g 010
a a a
£ 005 £ 005 £ 005
& g >
5 0.00 5 0.00 3
2 X z & e
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Hedonicscale Hedonicscale Hedonicscale
d e f
030 030 030
$ 025 9025 025
5 - &
g by ]
$o20 Lo 020
= 2 o
‘5‘20‘15 £ 015 ﬁ 0.15
a @ o
2010 2 010 g 010
= £ [
[7) 1)
£005 £ 005 £ 005
> > o
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Fig 4. Fuzzy membership degree for preference of six sensory attributes.

(a: total COs, brbitteness, c:duration aftertaste, d:alcoholic, e:foam volume, f:density)
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Table 7. Comparisons on overall palatability of beer between experimental value and

deterministic value

Hedonic scale Defuzzi
Type Sample ﬁcatl“m Rank
number 1 2 3 4 5 6 7 8 9 value

A 0.10 0.10 0.15 0.15 025 021 021 0.13 0.10 520 8
0.02 0.07 0.15 0.19 021 020 025 025 0.13 5.84

0.07 0.10 0.17 021 025 0.18 021 0.15 0.13 5.32 6
0.07 0.10 0.13 025 023 021 0.19 0.13 0.05 5.08 11
0.05 0.08 0.10 0.15 025 021 025 0.15 0.13 5.65 3
0.12 0.12 0.15 0.15 0.19 025 020 0.15 0.03 498 12
0.00 0.07 021 0.12 020 020 025 0.13 0.07 551 5
0.10 0.10 021 0.20 020 025 0.25 0.10 0.10 5.09 10
0.13 0.13 0.17 0.19 020 0.17 0.19 025 0.13 5.24

0.05 0.07 0.12 0.15 0.15 025 023 0.13 0.08 554 4
0.00 0.00 0.13 021 020 0.19 025 021 0.13 6.04 1
0.15 021 0.18 0.19 0.18 0.18 0.18 0.18 0.13 4.90 13
0.03 021 025 025 0.19 019 0.15 0.08 0.05 459 15
0.07 0.15 025 0.19 0.15 022 0.13 0.08 0.03 458 16
0.13 0.13 025 0.19 0.19 021 0.19 0.15 0.07 479 14
0.08 0.07 0.17 020 025 0.18 0.18 0.08 0.13 5.20 9
0.12 021 025 022 0.19 0.14 0.19 0.15 0.03 453 17
0.15 025 0.22 019 0.15 0.17 0.10 0.05 0.03 3.99 20
0.10 021 025 025 0.18 0.15 0.18 0.10 0.02 438 18
0.13 022 0.19 0.18 0.15 0.10 0.13 0.08 0.03 4.19 19
0.10 0.10 0.18 0.14 027 023 022 0.13 0.10 5.18 14
0.02 0.07 0.15 0.17 023 020 027 028 0.13 591 4
0.07 0.10 0.18 0.23 027 0.18 023 0.18 0.13 5.36 11
0.07 0.10 0.13 028 023 022 0.18 0.12 0.05 5.02 16
0.05 0.08 0.10 0.18 028 022 028 0.15 0.13 5.63 7
0.12 0.12 0.15 0.18 0.17 028 020 0.15 0.03 498 17
0.00 0.07 0.23 0.12 020 020 027 0.13 0.07 549 10
0.10 0.10 0.23 020 020 028 028 0.10 0.10 5.11 15

Type
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0.13 0.13 0.17 0.18 020 0.18 0.17 028 0.13 5.28 12
0.05 0.07 0.12 0.14 0.18 025 023 0.13 0.08 554

0.00 0.00 0.13 023 020 0.18 027 023 0.13 6.05 2
0.14 023 0.18 0.17 0.18 0.18 0.18 0.18 0.13 490 20
0.08 0.13 0.17 021 021 0.18 026 026 0.03 5.23 13
0.03 0.08 0.15 0.15 0.15 020 026 026 0.18 6.00
0.03 0.08 0.10 0.15 0.16 0.17 021 026 0.10 5.88 5
0.03 0.03 005 0.15 021 0.18 020 026 0.08 6.05 1
0.05 0.05 0.18 0.18 021 021 026 026 0.05 557 8
0.05 0.15 0.18 026 0.18 021 0.16 0.15 0.05 494 18
0.05 0.08 0.18 021 021 017 020 023 0.18 5.64 6
0.10 0.17 0.18 026 021 0.16 020 0.18 0.08 491 19

w

Type
11

H v ®O "W O ZZ O R = —

5.3 True Korean priority sensory attributes in beer
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Table 8. Accuracy evaluation for priority sensory attributes of consumer group through

MSE, bias factor, accuracy factor

Case Priority set of Beer MSE Bias factor Accuracy factor
sensory attributes  sample
case 1 Whole Whole  0.326 0.986 1.014
case 2 Lager Lager 0.031 0.984 1.016
case 3 Ale Ale 0.033 1.017 0.984
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