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Abstract We analyzed the physicochemical properties of commercially available
top-fermented beer (ale) and bottom-fermented beer (lager) marketed in Korea to
compare the quality characteristics. The following characteristics of beer were
analyzed for their soluble solid content, pH, total acid content, alcohol content,
volatile acid content, reducing sugar content, amino acidity, and color. As results,
the pH ranged from 4.01 to 4.77, 0.10-0.23 (%) for total acid and 0.25-1.47 (mL/10
ml) for amino acidity. The alcohol content was in the range of 3.10-5.70 (%) for
ale and 3.80-5.20 (%) for lager. The volatile acid content was in the range of
28.67-97.93 (mg/L) for ale and 32.80-78.87 (mg/L) for lager. Regarding the color,
the EBC value of the ale beers was in the 4.78-93.98 range, and that of lager beers
were in the 5.48-11.98 range. Comparison of the quality characteristics of the two
types of beer, revealed differences in pH, amino acidity, total acid content,
reducing sugar content, and color. In particular, total acid content (t=-3.782,
p<0.05), reducing sugar content (t=-11.744, p<0.05), and color (t=-2.882, p<0.05)
of ale beer showed significantly higher than those of lager beer.
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Table 1. Materials and ingredients of the commercial top—fermented beers (ale)

Ag BFo] EA &

=
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e ust

(National Tax Service Liquors License Support

Sub class Ingredients National origin ~ Volume (mL)

A Wheat beer Barley malt, wheat malt, apple pectin, orange peel, coriander seed, hop, Belgium 500
citric acid, water

B India Pale Ale Barley malt, wheat malt, hop, yeast, water USA 473

C Wheat beer Barley malt, wheat malt 5%, hop, hop extract, yeast, water Germany 500

D Wheat beer Barley malt, wheat malt, hop, yeast, water Germany 500

E Golden ale Malt, hop, water USA 473

F Pale ale Barley malt, hop pellet, yeast, calcium sulfate, calcium chloride, zinc Korea 500
sulfate, water

G IPA Barley malt, hop, yeast, lotus leaf, acid regulator, zinc sulfate, calcium Korea 500
chloride, water

H Amber ale Barley malt, hop, yeast, maekmundong (Liriope platyphylia), calcium Korea 500
chloride, CO,, water

Wheat beer Barley malt, wheat malt, hop pellet, yeast, orange zest, coriander, Korea 500

hallabong, calcium sulfate, calcium chloride, zinc sulfate, water

J Wheat beer Malt, wheat, glucose syrup, synthetic flavor (caramel), hop extract, orange Poland 500
peel, coriander, citrus flavor, water

K Stout Malt, barley, roasted barley, hop, yeast, water Ireland 440

L Belgian brown ale Malt, corn, barley, sugar, hop, water Belgium 500

M Pale ale Barley malt, oat flake, hop, yeast, water Belgium 330
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Quality comparison of commercial ale-type and lager-type beers
Table 2. Materials and ingredients of the commercial bottom-fermented beers (lager)
Sub class Ingredients National origin Volume (mL)
1 Pale lager Malt, starch, yeast, hop, water Korea 500
2 Pale lager Malt 70%, starch, yeast, hop, water Korea 500
3 Pale lager pilsner Malt, starch, yeast, hop, water Korea 500
4 Pale lager Malt 10%, starch, yeast, hop, water Korea 500
5 Pale lager pilsner Malt, starch, yeast, hop, water Japan 500
6 Pale lager Malt, rice, yeast, hop, water USA 500
7 Light lager Malt, corn, yeast, hop, water Mexico 355
8 Pale lager Malt, yeast, hop, water Korea 500
9 Pale lager pilsner Malt, corn, yeast, hop, water Belgium 500
10 Pale lager Malt, corn, rice, yeast, hop, water Japan 500
1" Pale lager Malt, yeast, hop, water China 500
12 Pale lager Malt 100%, yeast, hop, water Korea 500
13 Rice lager Rice, koji, wheat bran, yeast, hop, water Korea 330
2.3 pH, Eit gEF Y ofglipHE EX 5ttt Glucose(Junsei Chemical Co., Tokyo, Japan)
pHE pH meter(Orion 3 star, Thermo Fisher BZ AGAS o] 8sto] UG THEH%)S AASHAL
Scientific Inc., Waltham, MA, USA)Z Al-2oj|A =735}
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0.01 N NaOHE ©o|-&sto] zAgdlo =z #gt wi(pH 8.2-8.3)
i _I_M .

jy (_) T ‘:;1 O -
0.1 N NaOH(Yakuri Pure Chemicals Co
Japan)9] AH|FOE UERfL

A A48 o
St2F éé‘/

F X<}
g/ 3485
T

2.4. Jtg4

[e)
ofu] At 10 mLof| 0.1 N NaOH
2 formalin(Yakuri Pure Chemicals Co
Kyoto, Japan) €% 5 mLE 7}stal -89 At
g AH]E= 0.1 N NaOHY 42 mL & Yeth

dinitrosalicylic acid
o ~1

7HA] A5kl mg/L(ppm) 9= UERY S

26 Mg =3
oA gt B4 Ao met 45 HKim 5, 2013
Koren %, 2020; Navarro 5, 2007). <, EBC values=
=4 "oz [Uy-

7:"?_]_ Digital =170
W39l ML= Furopean Brewery Convention(EBC)
O—6 AR

ol-gsto] 430 nmolA &

T8 FA 5
XN =
ST
standard Analytica-EBC color
visible spectrophotometer(JP/U-2000 spectrophotometer
= 0835

7+ I E(°Brix)> FHE =
gL

Hitachi Co., Tokyo, Japan)
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Table 3. The quality properties of top—fermented beers (ale)

ALl 005, ol sk 17 A
A AFgt et A8 5] ol A
AlE AHdtg W3FEL= wheat beer, [PA, golden ale
pale ale, amber ale, brown ale, stout 2% AoJA %X
Zpo|7F U= W9t W9 pHe 4.01-4.772 YES:
1, K A&7} 7F8 W2 pH 4.01& YERdth Mo 49
pHe SHETE ofy e}, & 2]Ql b mAdE4Ql kY
ol FFS &kl EAE e (Jung? Chung, 2017). &
Akl A% 0.10-0.23%°C14 21, ofn|ieAtE= 0.31-1.47
mL/10 mLO|RTHp(0.05). F4H} op]leAtE= B Al&OA]
FolH O #A YEET ST o2 0.34-0.89%% A
A&7} %94 207 7H &2 AE UEHTh B, 7HE
A THE FF 4.40-8.30 °BrixE L A=t 7HE &2
iy UrE’r‘iiﬁ} ST AT 7 1B E A
o ojA Tl FFS F=dl, L AlE7 el @
Fe £ oz ARHHlee 5, 2017). YT FF
3.10-5.70%°1 1, EZE ol lojA W wet 3
Ae F 2.0%7HA & Zfol7h Wtk 7MY w& EFE IS
5.70%= UErd L A9y, 7P 3L 47 e RS

3.10%2 C Al=Ach. St =2 28.67-97.93 mg/L

o rlo
of >

l‘l

pH Total acid Amino acidity  Reducing sugar Soluble solid  Alcohol Volatile acid Color
(%, citric acid) (mL/10 mL) (%) (°Brix) (%) (mg/L) (EBC)

A 4.26:0.01"9%  0.16£0.01%% 0.44+0.0%° 0.89£0.00° 5.30+0.00° 3.20£0.00° 57.33:1.50¢  4.78:0.04
B 4.4610.01 0.23+0.00° 1.530.04° 0.600.00' 7.30£0.00° 4.70£0.00° 35.33:0.31" 16.19£0.01"
C 4.12:0.01 0.17£0.01% 0.310.02" 0.34£0.01' 4.9020.00 3.10£0.00" 58.56311.01° 18.510.02%
D 4.27£0.01° 0.19£0.00° 0.59:0.06° 0.71£0.01° 6.60£0.00° 4.10£0.00° 80.00£1.06° 19.40+0.00"
E 4.77+0.01° 0.1320.00" 1.310.04° 0.7240.00° 4.90£0.00 3.40£0.00' 35.00£2.71" 11.090.04
F 4.5810.01° 0.15£0.00° 1.47£0.09° 0.621¢0.01" 6.40+0.00° 5.30£0.00° 35.93t1.50" 15.02+0.02"
G 4.38:0.01' 0.16:0.00% 0.8210.05¢ 0.66£0.00° 6.70£0.00° 3.40£0.00' 46.60£1.11° 43.36+0.06°
H 4.45:0,01% 0.17£0.00° 1.07+0.04° 0.6740.00° 4.80:0.00° 3.40£0.00' 36.40£0.60" 29.70£0.05°
I 4.39:0.01' 0.13£0.00' 0.61£0.04° 0.47+0.00 5.00£0.00 3.20+0.00° 28.6740.12 7.19£0.07
J 4.4520.01° 0.10£0.00° 0.62+0.03° 0.76£0.00° 4.40:0.00 2.50£0.00' 53.5311.33° 24.23+0.00°
K 4.010.01 0.15£0.01° 0.44+0.06° 0.4610.00% 5.030.06" 4.30£0.00¢ 40.67+0.42° 93.98+0.55
L 4.20:0.00" 0.16£0.00° 0.52+0.05" 0.8410.01° 8.30£0.00° 5.70£0.00° 97.93+0.83" 58.8416.53°
M 4.490.01° 0.190.01° 1.02+0.05° 0.65£0.00° 6.00£0.00' 4.10£0.00° 55.930.64° 23.990.42°
VAIl values are meantstandard deviation (n=3).
2 IMeans in a row by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.
https://www.ekosfop.or.kr 295
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= H
F48
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= A2 1

3.3 AJE SfEIEE WES
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o}, FUoll A AlEEL Qe stHEE WE 1359 72
F4 E42 Table 49 2t} 2= £4 EA40A A= 11
O] o2l Aol 7k UERHTHp<0.05). ol=gt Z¥t= AH
g el npZA 2 W3 AR Al AR dEU AR
F 5ol g3t Ao F5Hrh Al st R W9 pH
4.06-4.498 YEIIL, 4, 1391 A=A Y Holrp AA
A7HHot A7k 10% vThE o)A pHZF F93 o=
A vebeth sheda W] ARkl pHe 4.2-4.4
2}l ol=t], o] HFHT= 2 £X&§ HtHKadena
5, 1997). $49] 4L 0.10-0.15%°]1% 0.1, ofu]leAl:
+ 0.27-1.45 mL/10 mL2 A% e a B39 op]i:
A HoH= 32 1S UEITHp0.05).
0] A= wol H7igfo] W 13¥ A|RoA foHoR

= O+

1
L

24} 3FFa} of

o v v

AKX
3014 Hiz Hie o] A2 Mg 7RI HREde & AN A UEThH(p0.05). MZ(EBC)IE 5.48-11.93 W92
FAET 22 G PPN B F4 540l 225 vehgsd], ot Mrkgol W 49t 13% AlROA &
A) ®
1.00 brix 2.00+
} alcohol oB
. o
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Fig. 1. Principal component analysis of quality characteristics (A) Loading plot and top—fermented beer samples (ale) (B) Score plot.
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Table 4. The quality properties of bottom-fermented beers (lager)

pH Total acid Amino acidity = Reducing sugar Soluble solid Alcohol Volatile acid Color
(%, citric acid) (mL/10 mL) (%) (°Brix) (%) (mg/L) (EBC)

1 4.07+0.01"2  0.14£0.00° 0.6240.04" 0.080.00" 4.57+0.06 4.27+0.06% 75.47:0.92°  8.03:0.68°
2 4.27+0.02° 0.10£0.01° 0.52+0.01 0.1240.00% 5.60£0.00° 4.13t0.06% 59.53t151%  6.69:0.08°
3 4.24+0.02° 0.10+0.00°' 0.65+0.05%" 0.1140.00° 5.37+0.06' 4.20+0.00% 54.60¢2.12°  6.1440.18"
4 4.1540.02° 0.1140.01° 0.370.01 0.1440.00° 5.77+0.06° 3.8340.129 78.8742.14° 11.79+0.13°
5 4.490.03° 0.15:0.00° 1.1740.01° 0.1240.00° 6.37+0.06° 5.20£0.10° 66.93:0.83°  9.43:0.35°
6 4.40£0.03° 0.15:0.01° 1.03£0.01° 0.10£0.00° 5.20:0.00" 4.43+0.06™ 32.80£0.40" 5.4810.48
7 4.37+0.01° 0.13:0.01° 0.9540.04¢ 0.15:0.00° 5.80£0.00° 3.90+0.10% 434710619 7.140.09°
8 4.44+0.01° 0.15+0.00° 1.45+0.04° 0.1240.00° 6.37+0.06° 4.73t0.15° 67.27+1.17° 10.60£0.13"
9 4.47+0.00%° 0.15+0.00? 0.84+0.03° 0.1240.00° 5.90+0.00° 4.33+0.06® 50.60+2.78' 7.23+0.10f
10 4.18:0.01° 0.11+0.01¢ 0.56+0.02 0.10£0.00° 5.30+0.00° 4.63t0.29" 4320+0.80°  8.05£0.17°
11 4.38+0.02° 0.10£0.01%f 0.69:0.03° 0.10£0.00° 5.100.00 3.80£0.26° 33.53t1.17"  6.04:0.04"
12 4.44+0.02° 0.12£0.00° 0.7410.03 0.1120.00" 5.70£0.00° 4.070.15%% 65.40t1.44° 8.6410.09°
13 4.06£0.03' 0.10£0.001 0.270.03¢ 0.1120.00%f 4.13t0.06* 5.070.25° 75.80+1.25° 10.52+0.14°

VAIl values are meantstandard deviation (n=3).

2 *Means in a row by different superscripts are significantly different at 5% significance level by Duncan’s multiple range test.

o] o7 = UeldtH(p(0.05). YutA o7 wo] A}
< FAWR(45-95 EBC)2F HA®(5.3-7.5 EBOE +
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0.89%°] HlstH A2 2 epd 20 = Hol dygto] 4
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oftt
=h
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il

o
19
o
=)
N
o lo
rH o

o

[SSRN )

34. AlH offigzo T&E 24

Al shEdE R F2 E4E AIAHL
7l A3 FHE 2 t
39.83%, /3% 27} 27.28%= F 67.11%E A= A
o2 yetgthFig. 2). F4&
Sab, ofulleatE, S, 718 AR AF, ¢3RO
E2Ho glor, o WFere A At 22
o AT, FAAL 22 FY WIoIM pHE A Ze
4 540l x50 it F4E 19 ¥ FFer &
Zeo] = A& 5,6, 7, 8,9, 12 W F4L 19
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Fig. 2. Principal component analysis of quality characteristics (A) Loading plot and bottom-fermented beer samples (lager) (B) Score
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Fig. 3. Principal component analysis of quality characteristics of all kinds of beer (A) Loading plot and top—fermented beer samples

(ale) and bottom—fermented beer samples (lager) (B) Score plot.

298

https://doi.org/10.11002/kjfp.2022.29.2.292



Korean J Food Preserv, 29(2) (2022)
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