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Abstract This study was conducted to evaluate and compare new beer (NB) with market beers, e.g., New castle brown ale
(NC), Victoria bitter (VB), and Coopers pale ale (CP) using physicochemical parameters. In addition, pattern recognition
analyses were carried out using an electronic nose based on mass spectrometry (MS-E nose) and an electronic tongue (E-
tongue) for differentiation of the different types of beer. The measured alcohol content of NB was 4.37%. NB was not
significantly different compared with other types of beer with regard to bitterness unit, color, and polyphenol content (p<0.05).
On the basis of the flavor pattern determined by the MS-E nose, NB was separated by DF1 (first score from discriminant
function analysis), while NC, VB, and CP were located in the same group. The result of the E-tongue showed that the
different samples could be clearly discriminated; NB was less sour. It was suggested that the discriminant function analysis
(DFA) given by the MS-E nose and E-tongue could be used for evaluations during new product development. Furthermore,
because of its simplicity, it might be possible to use the validated method for the evaluation of beer.
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RGN Azd @3 AAFNBYE Y2 pale @
Efe] Al 4=9] W3 New castle brown ale (NC) (Heineken,
England, United Kingdom), Victoria bitter (VB) (Carlton &
United Beverages, Abbotsford, Australia), Coopers pale ale (CP)

(The Cooper Family, Adelaide, Australia)$} ¥]xw3}3]Th.
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Rom AT EE ARSI S Cascades, HiEle
A

W5 Re|E Aale] Az,
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Korea)S ©]-8-314 210 rpmol|A] 508 &<t EA7FAE A ASE &
Aol ARt 42E Y BU, MEe S48 T/ &
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Inc., Seoul, Korea)Z =735 th. pHE 7 A|E5 20°CelA] pH
meter (sp-701, Suntex, Taipei, Taiwan)Z 43Nt F4He A5
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AW R B o] A A2 PASW Statistics 18 (IBM Co.,
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FID) (GC-2010, Shimazu, Kyoto, Japan)E °]-8&-3t91om, 744
2 2% DB-WAX (BOmx025mm ID, 025um film, Agilent
Technologies, Santa Clara, CA, USA)ZH-S AM&35130t). o542
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Silox”t $%1¥ Inside needle direct extraction syringe (Hamilton,
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Mol A Fr|HECE d#H A dimethyl sulfide, ethyl
formate, ethyl acetate, isobutyl acetate, isoamyl acetate, ethyl
hexanoate, ethyl octanoate, n-propanol, n-butanol, isobutanol,
isoamyl alcohol, methyl alcohol, 2,3-butanedione, acetaldehyde =

A 1428 ARt 2 S A8 AFE Table 29 YERY

Table 1. Alcohol, bitterness unit, sweetness, color, pH, total acidity, and polyphenol of beer

Alcohol (%) Bitterness unit ~ Sweetness (°P) Color pH Total acidity ~ Polyphenol (mg/L)
NB? 437+0.21° 35.00:0.08° 2.28+0.20° 34.43+0.21° 3.96+0.02° 5.21+0.08° 181.22+0.00¢
NC 4.60+0.30° 17.90+0.03° 1.96+£0.31° 53.53+0.59¢ 3.87+0.05° 4.24+0.07° 125.19+0.95
VB 4.33+0.67° 17.45+0.29° 1.33+0.25% 9.03+0.01° 3.83+0.02° 3.31+0.08* 71.34+1.42°
Ccp 4.13+0.06° 23.45+0.05° 1.08+0.29* 7.71£0.38* 3.93+0.02° 4.30+0.20° 156.07+2.37°

Means with different superscripts within the same column are significantly different by Duncan’s multiple range test at p<0.05.
NB: New beer, NC: New castle brown, VB: Victoria bitter, CP: Coopers brown pale ale
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Fig. 1. Discriminant function analysis of the electronic nose data for flavor pattern of beers (DF1: r’=0.9964, F=743.98, DF2: r’=0.9924,
F=346.72) (NB: New beer, NC: New castle brown, VB: Victoria bitter, CP: Coopers brown pale ale).

ATh14). EAZ I NBE F7|4E ethyl acetate©] 1.52mM,
isoamyl acetate 0.24 mM, isoamyl alcohol 4.54 mM, ethyl hex-

TEEE A& ethyl acetate?} isobutanol®] ko] zjol7} F2
qeS 3 Ao F HoRITh

anoate 1.90 mMO.2 A3 HiS=of wjste] 7] £ 9] gafo] B
& A2 YEston isobutanol®] FE 1.61 mME JThE o
2 &SI} Ethyl acetate®} isobutanoldl] d|3sle ZFYT&3 o
ZEFE W o] Fa ARow 4mE wWEe FAEE 4
e EdolH(15) d=H sietEe U oA wa Aol
A BRe] oste] AAEE WF el slo] FaF Edolfa
A Ark16). ©] F AR AQslE= dimethyl sulfide, isobu-
tyl acetate, isoamyl alcohol, isoamyl acetate, ethyl octanoate®l]
aFshe /0] peak7t A AFE HAAFIUoH Fr] I
ethyl formate, n-propanol, 2,3-butanedione, acetaldehyde, n-butanol,
methyl alcohol= AEEA FUTt. A= Al st & o
TEFE Aol DF1] Zfolel] &jste] AlA@ =9} FF7|sei o]

|4 8= e AAs B4 AT Har,

T TR I F8d AL ok T/ Fofl
Ae AAE 2A41E F39 light, classic dark, porterell 3&3h=
W3=0] 4F0] ZfolE g vl oem(17), MRS E EEF9
B (tannin) &S Al om G2 BAREA G4 e
w2ty Honke] 22 HIwg HATKIL). AR 42
oS dixske e AAMR A AV mzkd wiEkkR]
Z AlAM SRSE Algh, STS= &8, UMSE 7Hl, BRS= ¢4,
SWSE ©@ke ZX5le GPS9} SPS AlME AlAM el k8 B s

£ BEFANE VB T4 gt

Table 2. Volatile compounds of pale ale types of beer by GC (Unit: mM)
Pale ale type of beer

NB NC VB CP
Dimethyl sulfide 0.01+0.00 0.01+0.00 0.01+0.00 0.02+0.00
Ethyl formate ND ND ND ND
Ethyl acetate 1.52+0.04 1.72+0.03 2.03+0.05 2.19+0.04
n-Propanol ND ND ND ND
2,3-Butanedione ND ND ND ND
Isobutyl acetate 0.12+0.00 0.13+0.00 0.05+0.00 0.100.00
Isobutanol 1.61+0.03 1.13+0.03 0.65+0.01 0.39+0.01
Acetaldehyde ND ND ND ND
Isoamyl acetate 0.24+0.00 0.37+0.00 0.40+0.00 0.44+0.01
n-Butanol ND ND ND ND
Isoamyl alcohol 4.54+0.12 5.31+0.14 5.43+0.15 5.04+0.14
Ethyl hexanoate 1.90+0.03 3.37+0.10 2.14+0.05 2.42+0.07
Ethyl octanoate 0.31+0.00 0.26+0.00 0.23+0.00 0.36+0.01
Methyl alcohol ND ND ND ND

ND: not detected

NB: New beer, NC: New castle brown, VB:

Victoria bitter, CP: Coopers brown pale ale
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Fig. 2. Changes in organoleptic characteristics of pale ale types of beer by electronic tongue. Abbreviations are shown in Fig. 1.
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Fig. 3. Calibration of the intensity of bitterness with different concentrations of quinine. Abbreviations are shown in Fig. 1.
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