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Abstract

Beers are made of malted barley, hop, yeast, and water where the barley malt is the main ingredient. There are two
types of barleys, two-row and six-row barley. Two-row barley is principally used in large-scale beer brewing, whereas
six-row barley is incorporated in small scale brewing (e.g., microbrewery). In this study, beers were prepared from five
varieties of Korean barleyl two-row barley and 4 six-row barley, through malting, mashing, and fermentation processes.
Beer fermentation parameters, namely alcohol and diacetyl contents, turbidity, foam stability, free amino nitrogen
(FAN), yeast viability, color, and sensory properties were kinetically studied. From a practical point of view, the beer
made of Dahyang, one of the six-row barley malts, showed the highest sensory preferences.
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Spectrophotometer(UVmini-1240, Shimadzu, Kyoto, Japan)
 ©]8-3k 700 nmef €] FF=7t 430 nmol M ST F
A Bk <0.039EE BeTF Qlgre R, ofEhd «9)
g0 Al 7} F3E BFe| Aolg Yopugirt
(Crumplen and Lewis, 1997d).

Free amino nitrogen &&f &8
Free amino nitrogen(FAN) &% W3} =42 AOACY
AN W (Horwitz and Latimer, 2011)S o]-8-3te] 293
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}o] 1 mL ninhydrine
Zo| A 100°CZ 7}
A

FAN (mg/L)=net A of test solutionx2xdilution/net A
of standard solution

Diacetyl &zF =&

Diacetyl 3% =742 spectrophotometer(UVmini-1240,
Shimadzu, Kyoto, Japan)E ©]-§-+ ] o2 =433t}
0.175M iso-niazide 8-} 10mL®Y| acetic acid 2 H-&2 o]
AR EAIZITE o 719 2.9x10* M diacetyl solution 5mL3}
0.15M ZRIV)E 1mLE t©lal FUth 3M HCIZ 4M
NaOHZ pHEZ 1.740.12 ZAZAIZ] & Az 84S 50mL
o EgpaIe &AA EE AT oF 30+ H,
diacetyl®] FXEE 20-200ppb AFe]Z ERJ O] calibration
curveE 2P 31 tH(Rafael et al,, 1993). A|E 25 mLS NaCl
238N 70mLY ol F, ©] EFES iso-niazide &
20mLel 30mLol EHE w7x FFAZ o] &
calibration curve®} THZ3&}e] diacetyl?] S =4 3FATH
(Garca-Villanova and Garca Estepa, 1995; Hernndez et al.,
1995).
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170, 5t 54 1 7] 35S A ate] AHE-8HthCrumplen
and Lewis, 1997¢). & &4 5714 = Aromatic(O1), Cereal
(02), Sour(03), Sweet(O4), Carbonation(05)2] ZI=2 % 2]
3lAth ot &4 6 7FA= Aromatic(T1), Cereal(T2), Sour
(T3), Sweet(T4), Bitter(T5), Carbonation(T6)2] =2 &
oJ3tAY. Ut E74 EALS CarbonationM1)] F=Z 4
oJ3hH, S5k £4-& Carbonation(Al)S] A== A 2l31%
(Table 1). 2+ g-ofol gk HHL 0-10 WY A4 F= 3
T2 BAste] 400 thEk xpol o] A|7| 2 Bttt
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Table 1. The sensory attributes in classification of beer flavor.

o5 - 9

Abbreviations of flavor

Flavor class Attribute Description
Odor  Taste Mouth-feel Aftertaste
Class 1 Aromatic Alcoholic, fruity, esters (0)} T1
Class 3 Cereal Raw grain flavor, husk-like, mealy, malty 02 T2
Class 9 Sour Vinegar, sour milk, lactic 03 T3
Class 10 Sweet Honey, syrupy 04 T4
Class 12 Bitter Bitter TS
Class 13 Mouth-coating Carbonation, astringent, warming, metallic 05 T6 Ml Al
8
A HMe|

Hakel ko] B4 p=0.059 27 oM it
2] (Analysis of variance, ANOVA)3} o™, FA A
Z 23l SPSS(Statistical Package for the Social Science
Version 21.0)S ©]-8-3}9t}. Duncan's Uh5H] 2 (multiple
comparison test)S 4]-8-3}51t}.
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Fig. 1. Kinetic change of specific gravity of 5 different beers. Hll ,

Jinyang; [1, Dahyang; N, Hinchalssal; [H, Samgwangchal; 7,
Jasujung. Error bars represent standard deviation (n=3).

Log cells/ml

1 2 3 4

Primary fermentation time (day)
(A)

Log cells/ml

1 2 3 4 5 6 7

Secondary fermentation time (day)

(B)

Fig. 2. Kinetic change of yeast viability of S different beers. A:
primary fermentation, B: secondary fermentation. @ , Jinyang;
M, Dahyang; A, Hinchalssal; x, Samgwangchal; 4, Jasujung.
Error bars represent standard deviation (n=3).

A= Fig 29 2o =
TR Axe] el gt
g9 A=E Yepd F 9
1987; Boulton, 1991). 1 2} ¥& 77| M=
z%oi /ﬂﬂs} cq ]% 2% =z
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Fig. 3. Kinetic change of color of S 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; ll , Dahyang; A , Hinchalssal; x, Samgwangchal; 4 , Jasujung. Error bars represent standard deviation

(n=3).

oF 5x10° cellsymLZ 3512 W growth phase= Wl 2log

cellsymL AE U= Aoz B3 vl Q). He &=
2 v Aol BRel A%l o] Baw wudol
E}’\QEJ Gol @84 2 S Ao TS vHS

4= JthKane and Roth, 1974). £3] v]Z2] Az} e} |
w3 Bk uf, 1 X} @8 ¥ 23 #E 7|7 59t &%
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o]-& ol Fol o o] Wokxl Ao g B it

wo] Wshe Fig 33 20
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Fig. 4. Kinetic change of free amino nitrogen of 5 different beers.
A: primary fermentation, B: secondary fermentation. @ ,
Jinyang; Il , Dahyang; A , Hinchalssal; x, Samgwangchal; 4 ,
Jasujung. Error bars represent standard deviation (n=3).
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ol A= mEge] M i o3 2FEE B 5 Aok
(Bamforth, 2009).

Free amino nitrogen &t&f Hi5}

FAN 8F&F WH3l= Fig. 49} 723ith FAN &2 a97}

il g opeptides thA 8 Foll o] 8ol wheh e

o] ZolEA Huh. RE HElo)X FAN e MA3 =
By p=R

N

olEE EfS & I deHl, ol= FAN &iFo] @ e
Eallite @0 Bdo] 9lan, o2l FANS| &7t =
TR EHE, 29, AF A SOl 2 9% ATt
of MFFAe] HgdS Yol Al = 2 E(Schildbach,

1987), ol =& Ao] Faslty A<A HElE FAN
Shefo] thE HEo| g m$- =%y, FFA 1= 3

Table 2. Sensory properties of wort made of 5 different barleys.

F welo] wal o R gEe Jeslt g,
uee A ue e 2 Ao S UEhliA) e,
Apo] E 27 YERA oF

s &d gt

ATHp > 0.05).

2\0 U?
o o

2 e

ASAA H3lzkel A= Table 2, 3, 49 2t #%4
=]

A A3 Aromatic

R

o
F=<

HAAF S 71 st

1 >~
= E5e B

el 01, T19 Z=s 2y

T /V\/\)\ ‘:q

o]
g Xl W alcohol A Y] S7F A FH(Van Maris et

al,, 2006)= £
5= O 2Elen,
= A0 2 JERTHp > 0.05). Btk

dtk o1, TIoA 7V =7 =& 4
ol A% uzlsh 4214 Ael7t gl

5 o olo}l=
3, B 3], YL

& Yepli= 05, T6, Al, M19]

=

e A3 Frkehe

Beer wort
Sensory attribute
Jinyang Dahyang Hinchalssal Samgwangchal Jasujung

01 4.00+0.94° 2.90+0.99° 2.2540.71° 2.25+1.49° 4.38+0.92°
02 6.40£0.84* 5.20+0.79° 3.50£1.31° 4.00£0.76° 3.8840.99°
03 1.80£0.63* 2.70+1.06° 3.50£0.53¢ 1.7540.46® 2.13+1.36™
04 3.90£0.88* 4.10£1.29* 2.63+1.51° 3.50+0.76® 4.50+0.76*
05 1.70£0.95% 0.80+0.79° 1.00+0.76™ 0.50+0.76° 0.63+0.74
T1 4.80+0.63° 3.70+1.06™ 3.13£0.64° 3.63+0.52" 4.1340.64°
T2 6.20£0.63* 4.50+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°
TS 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 0.00£0.00
Al 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00

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

Meantstandard deviation (n=3).

Table 3. Sensory properties of young beer from the primary fermentation, made of 5 different barleys.

) Young beer from the primary fermentation
Sensory attribute
Jinyang Dahyang Hinchalssal Samgwangchal Jasujung

01 5.30+0.67° 5.14£0.69° 3.14+0.69" 3.43+0.53° 4.14+0.69°
02 5.30+0.67° 4.57+0.79* 2.8610.38° 3.71+1.25% 3.71+1.11°
03 2.40£0.70° 3.29+0.76 5.7140.49¢ 4.5710.79° 4.00+1.15™
04 4.30+0.82" 5.14£1.07° 1.2940.76° 3.43+1.51° 4.4340.53®
05 5.70+0.48* 5.43£0.79° 1.8610.69° 2.1410.90° 3.14+0.90°
T1 5.90+0.57° 3.57+0.98" 4.00+0.58" 4.29+0.49° 2.8610.69°
T2 5.30+0.48° 4.29+0.76 3.1440.69° 3.29+0.49° 2.71+0.76°
T3 2.40+0.52° 2.7140.76" 5.14+0.90° 4.43£0.53" 3.7140.76°
T4 4.70+0.48° 4.1440.69" 2.86£0.68™ 2.5740.53¢ 3.4340.79°
TS 2.40£0.70° 3.5740.53" 4.431+0.53¢ 4.1440.69™ 3.71+1.11%
T6 6.22+0.67* 5.86£0.69° 2.14+1.07° 2.1440.38° 3.5740.98"
M1 6.60+0.52° 6.14+0.90° 1.86£1.07° 3.2940.76° 2.5740.53"
Al 6.30£0.48° 6.29+0.95° 1.71+0.76° 2.57+0.53° 3.14+0.69"

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

Meantstandard deviation (n=3).
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Table 4. Sensory properties of beer from the secondary fermentation, made of 5 different barleys.
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Beer from the secondary fermentation

Sensory attribute
Jinyang Dahyang Hinchalssal Samgwangchal Jasujung
(0) 5.29+0.49% 5.88+0.99° 4.75+0.89° 4.78+0.64° 3.29+1.11°¢
02 4.43+0.53® 4.75+0.71% 3.50+0.76° 3.63+0.52% 4.43£1.27®
03 1.4340.53* 2.00+1.07%® 2.3840.52° 1.50+0.53* 1.5740.79*
04 4.5740.53" 4.8840.83" 2.6340.74° 3.3840.74° 3.00+0.82°
05 6.14+0.69" 5.75+1.04° 2.1340.71° 2.88+0.83° 2.4340.98"
T1 5.714£0.76 6.13+0.99* 4.00+0.82° 3.38+0.92% 2.8610.69¢
T2 5.29+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° 2.5740.53¢
T5 4.71+0.49* 5.00+0.76* 6.50+0.53° 6.38+0.74° 6.29+0.76"
T6 6.29+0.49° 5.38+0.74° 2.1340.83% 2.6340.52° 1.71+0.76¢
Ml 6.14+0.38% 5.38+0.92° 1.88+0.64° 2.1440.69° 1.2940.49°
Al 6.431+0.53% 4.88+0.64° 1.88+0.99¢ 1.75£1.04° 1.712£0.95°

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

Meanzstandard deviation (n=3).
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Table 5. Quality factors of beer made of 5 different barleys.
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Factor Jinyang Dahyang Hinchalssal Samgwangchal Jasujung
Alcohol (%) 4.17+0.61 4.410.1 4.87+0.31 4.3340.21 4.140.23
Bitter taste 15.9+4.5 17.145.3 19.242.1 19.5+0.8 19.9£1.6

Turbidity Exist Exist Exist Exist Exist
Foam stability 406.1+46.1 397.5£81.9 306.8£87.7 361.5£101.4 656.5£131.9
Diacetyl 37.6£5.3 44.3%10.3 94.3434.8 31.6£10.6 52.3114.7

Meanztstandard deviation (n=3).
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