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Analysis of Quality Characteristics of Apple Fermented Liquor
according to Brewing Method and Flavor Characteristics through
Electronic Tongue and Electronic Nose

Su-Kyoung Lee

Department of Agrifood Management, Jeonju University
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=7 el 889 lI-_fﬂ' HR_R29A glucose 73.32, fructose 10.72% 7} @o] A&Eon, §7]4 & malic
acidABH4hE FHAFE FREHQ] HR_RO0O] 4.33202 7P &4 Uetgoy I Q9] {714k o] gxupHoz
A|Z3F HR_R27} lactic acid< 18.13, citric acid< 2.27, actic acid< 3.702.2 7F& =4 Uelhdtt. AR 4
A7} sournesss= HR_RO)HR_RI)HR_R2 €22 UEFFIL sweetness, umami, standard, bitterness= °|¥F %
Zuo g2 A|ZSE HR_R27F 7P =4 yebdth. AxFE 9] peak areas 20&d, 30&H, 50247 7MY &2 @&
B9on, 202 HR_ROS HR_R12 22, HR_R2+= 71EhAg, 302t ZE AR7F shdud), 5020 HR_RO
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Abstract This study examined the quality characteristics of fermented apple liquor according to the
brewing method (starch content) and the flavor characteristics using an electronic nose and an electronic
tongue. Fermented apple liquor was produced by varying the starch content using the fruit wine brewing
method (rice 0%), the Danyangju brewing method (rice 15%), and the Iyangju brewing method (rice
100%). Alcohol, sugar, and total acidity were highest in HR_R2. Free sugars were detected most
frequently in HR_R2. Among the organic acids, malic acid showed the highest content in HR_RO. HR_R2
showed the highest values of the other organic acids. As a result of electronic tongue analysis, sourness
appeared in the order HR_RO>HR_R1>HR_R. Sweetness, umami, standard, and bitterness were highest in
HR_R2. The peak area of the electronic nose showed the highest values at 20, 30, and 50. At 20 seconds,
HR_RO and HR_R1 had a chocolate scent, and HR_R2 had a caramel scent at 30 seconds. All samples
had a banana scent, and at 50 seconds, HR_RO and HR_R1 had a caramel flavor, and HR_R2 had a black
cherry flavor. Hence, fermented fruit liquor with excellent quality and distinct flavor can be produced
using a traditional brewing method with starch and fruit together.
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Table 1.3 Attt A=
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Table 1. Mixture of raw materials and browing
process
Ingredient HR-E«’)O HR-R1 HR-R2
0% 15% 100%
Rice Powder - 3kg 3kg
Pmlcess Water - 3L 3L
Nuruk - 1% 1%
Fermentation day - 3 3
Apple juice 20L 20L 20L
Process | Glutinous rice - - 17kg
2 Nuruk 1% - -
Sugar 1kg - -
Fermentation day 60 60 60

YHR_RO: Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%

7L =R AR 100 mLE FH3t &5+ 100
mLE Eot] FFI} F/FAS 50 mL Hol YA
L e E54E 100 mL B_E &
meter(DMA 501, Anton Paar, Austria)s ©|-85}c]
ZAotdtt. J=(° Brix)= Digital Refractometer
(HI-9680, Hanna, Romania)g °|-8-5to] S5t}
pHE pH meter(SevenCompact pH/lon S220,
Mettler Toledo, Swiss)& AMH&sto] S35t F4F

= AR 10 g& Fsto] ASE 715t 100mLE 3]
A%t ¥ 20 mlL HlEZEEIAAS AA LR Slof

Density

0.1 N S4B IEE(NaOH) 02 AT} 274 Az}
L ole) Agalo] Het Foiei

total 0.006 x VxFxdilution factor
acidity = x100
(w/v%) S

S: sample collection volume(mL)
V: 0.1N consumption of NaOH(mL)
f: 0.IN potency of NaOH

23 Q2igt &%
Aol A|AHE Algol BAIG 25 mLE 7lsto] FA
Sielelgic, ol 85C SrolA 2587 ZLalel

= Uﬂﬂ-a‘]-o% _42 7]§o]— ‘l"ﬁ‘g‘uﬂ

olg ¥

FEol Aeos

H 3 JEE FE89E Frlekth
ZE)(0.45 m)E o35t HPLC(1260 Infinity,
Agilent, USA)E EAI5}9ict.

2.4 Q2 &3
F714 AR 10 g= JUstAl ot
mLE s}5it) 7FEZ X ol EYEH
A 10 mLE RFEAIA S48 ARl & ]’EEV] LH £
= AASIH. olojA FRFE Y2 AR F 10 mLe
7Fste] 7] €& 4 ~5 mLS AAT & YHA &&
HE EFste] WEHA FE(0.45 mE Tt
HPLC(1260 Infinity, Agilent, USA)Z E4J3}t.

2.5 TX5| &3

ZF A B7F 7St AR T8 B8 AR A AH
(electronic tongue, Astree, Alpha MOS)< ©]-&35}
B4 2 A&+ 77HA] AA(AHS, A% CTS, &
ob; NMS, 739k PKS, @85 ANS, 259F CPS; SCSE
71&02 &3 CPSY} SCSE standard® ARE-5}
ok 774 AAs 49 91’°]'HH | gt &7o] o
q B4 AZ9 ARl uZ AN 83X 0-129
indexE 7|0 = Bt AF 0|2 Wgsto] eI
3t E-tonguedl] 2 37]9] A ®xHo| 7hegt
taste sensor®] AHS(sourness), CTS(saltiness) 18]
I NMS(umami)E E5}9] taste patternS & FEd}o]
A ZF Alee A4 FEH9 99 AR 1 mls
e} 1:99 (v/w)] Hl&Z 3]4(dilution) H A&
£ Aoz EXN5F9Y. Acquisition duration® Z}
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Table 2. Alcoho, sugar, pH, total acid content of
apple fermented liquor according to
brewing method.

HR_R0® HR_R1 HR_R2
Alchol 4 a1)2) 4 b + c
@) 7.87+0.009 11.52+0.007 18.70£0.006
°Brix 5.33+0.006" 14.37+0.033" | 16.17+0.033°
pH 3.88+0.006° 4.03+0.000° 3.59+0.000°
Acidity a b c
% 0.36+0.009 0.42+0.000 1.10+0.010

VAll values represent mean+S.D.

“Means with the different letters in column are not significantly
different by Duncan’s multiple rate test(p<0.05)

PHR_RO: Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%

32 /2l¢

FrHAE Gt APt a o] g2 Table 3.
3} 2} sucrosex H7HE ZolE AAH R EA5tA
AolE glucose?} fructose® HojEo] Wa Fof Akt
ZoH2). A FRHE ARSSte] ga204] A9
718t HR_ROE glucose®} fructose?t Z2ZF 0.62,
1.84 A&, o|dF FRIHS AREsto] ga20]
RS 7R HR_R2= Z42F 73.32, 10.72 A&
it ol AH(FRHH)E 2Ed 459 /4
2443 {8 40| glucose ) maltose )
fructose €& UethHs A7123e} fAFSHA YEt
SoH21) 183 9k RS ARgSto] @20l
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Table 3. Free sugar content of apple fermented
liquor according to brewing method.

(mg/g) HR_R0? HR_R1 HR_R2
Sucrose ND? ND ND
Glucose 0.62+0.003*"? ND* 73.32£0.580°
Fructose 1.84+0.006° ND* 10.7240.231°

YAll values represent mean=S.D.

YMeans with the different letters in column are not significantly
different by Duncan’s multiple rate test(p<0.05)

ND: not detected

“HR_RO: Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%

3.3 |71
FRYEE gefet Apiaso] feike Table 4.9}
At o] FRTH o= AelTFo] 100%:] HR_R29|

s e i |
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citric acid 2.27, lactic acid 18.13, acetic acid
3.700.2 714 @o] A& Ut Acetic acidE &9 4
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Table 4. Organic acid content of apple fermented
liquor according to brewing method.

(mg/2) HR_R0” HR RI MR _R2

IS 0.53:40,003"? ND* 2:270.009
Malic 43310003 078+0.003°  046£0.006"
RS 026£0006' 340400067 18.13+0.145°
A::SC 0.23+0.006" 0.61£0.006°  3.70+0.104°

DAl values represent mean*S.D.

YMeans with the different letters in column are not significantly
different by Duncan’s multiple rate test(p<0.05)

IND: not detected

“HR_RO: Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%
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Table 5. Electronic tongue content of apple
fermented liquor according to brewing

method.

Sensors" HR_R0? HR_R1 HR_R2
AHS 8.0 6.6 3.4
PKS 3.9 5.6 8.5
CTS 5.0 7.0 6.0
NMS 53 53 7.5
CPS 5.6 5.2 7.2
ANS 4.1 53 8.6
SCS 5.8 5.8 6.4

Yalues of samples by seven sensors of the electronic tongue.
AHS, a sensor for sourness; PKS, a sensor for sweetness; CTS,
a sensor for saltiness; NMS, a sensor for umami (deliciousness);
CPS, a sensor for standard; ANS, a sensor for bitterness; SCS,
a sensor for standard.

2)HRiROi Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%

AHS
g
§C% g e PKE
Fay
A YN "";If E ~HE_F
J 3 . HE Rl
2 B |
ANS \'\*;, ------ ey s —HEE
CPs NS

Fig. 1. Radar map of relative tast intensity of apple
fermented liquor according to brewing
method.
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Table 6. Electronic nose content of apple fermented liquor according to brewing method.

)

Peak area’
Column RT(s) TR RO? IR Rl R R2 Compound Description
6 RO Trimethylamine Sweaty
81.51 70.29 9.72 - I ,
18.63 4588 +13.967 +7.507 R1 Trimethylamine Sweaty
R2 Acetaldehyde Apple
64 o g ; RO Butanal Chocolate
28,286.45 19,663.05 ,705.47
25.66 £235.959 +779.186 +2.740.609 R1 Butanal Chocolate
R2 Ethyl Acetate Caramelized
i RO Isopropyl acetate Banana
34.61 3.504.16 1,290.68 1.714.06 R1 Isopropyl acetate Banana
+680.787 +419.298 +28.885
R2 Isopropyl acetate Banana
5,34 A ) RO 2-Methyl-1-butanol Balsamic
. 2253 227.43 190. .
§ 46.81 +120.643 +136.300 +166.11 R1 Methyl 2-methylbutanoate Apple
3‘1 R2 cyclopentanone Minty
= . 6 RO (Z)-2-Hexen-1-ol Caramelized
o 267.99 1592.27 2302.1 — . ' -
= 56.72 +2.437 +24.511 +19.086 R1 (2)-2-Hexen-1-ol Caramelized
R2 ethyl 2-methylbutyrate Blackberry
664 . 0.6 RO (+)-alpha-Phellandrene Dill
96. 58.43 0.63 - :
65.69 +6.43 £1.726 +3.827 R1 psi-Cumene Aromatic
R2 psi-Cumene Aromatic
4 4 RO 3-nonenal Cucumber
141.71 123.3 235.31 -
78.00 £6.368 49941 +65.272 R1 Butyl butanoate Pineapple
R2 3-nonenal Cucumber
s 54 RO Methyl dodecanoate Coconut
103.37 102. 113. -
96.87 +9328 +3.505 +3.436 R1 Methyl dodecanoate Coconut
R2 Methyl dodecanoate Coconut
DPeak area values represent mean*S.D.
z)HR_ROI Rice 0%, HR_R1: Rice 15%, HR_R2: Rice 100%
S B A3t Table 6.3 Yok WEFS PR AR BALLE Bolol Aol 4YHoR L]
Umegyol £5 oF UrHIS 5. E ATNE & glele) o] HES IS Bt A7} Bas
Qe ojoje] Tioret 7] e Teels] Siste] ot Atk
LIPS ARt LA dE& 8709 retention

time¥} peak area® &5 A5t ZF Al
peak areagt® 3EHdw 121 WdHsk= 719 Aol
7} At Peak area #o] w2 20249 HR_RO=
28,286.45, HR_R12 19,663.052 butannal 4J#o°]
YERIAL of= 23219 'E3tith HR R2+= 6,705.472
ethyl acetate J&0] Yetal o= 7hepddksE dast
t}. 309 HR_RO+ 3,564.16, HR_R12 1,290.68,
HR_R2+= 6,705.47 peak area%tC = isopropyl acetate
AEo] YBHA ol HiUURkE dEsith 50t
HR_ROE 267.99, HR_R1-2 1,592.272 (2)-2-hexen
-1-ol o] Uil ol ZlEbdERs IR
HR_R2E 2,302.162% ethyl 2-methylbutyrate 43
o] U ol ESA RS Tt x|
w2 AP E O] 7] RS time =02 TR of
Eojgko] £Fog UEcke AL ERIsH

183

o A7tz 4w
A, A5
22 Sfsfel A
(& 0%, FF1 Bgol RS WK GIF I
MO 15%), B Wl BRe 932 6 1%
A7 ]9k FEU(E 1009 B Awhia
Azsto] BASIgIct. G wret LTS, 3
T, BAE BE G007 ol Hgor, o]oF g
Mo Az AhEEEsL g B e, e
omt UYF FEWY, viuion UF FEY
S0 Uehdth. ol ARY YPo| ¥24T UL

21-=,

T
-
(]

& i



p=4
R

fill‘

A7) &8l =R A] A25W A7E, 2024

L

W
H

A7 B et Seuet A%
$olo] APEAF A2 SISHA o]

SRR

ol

% o

o]
AL FRlstitt. pHE 3.59 ~ 4.03 Alo|& o]=
Tart B¢ ARPERS| pHF 3~42 UERt At
FARSHA YERTHI2].
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100%S] HR_R27} 7F& =4 Yebdtt. Radar map=
g FrHHoR AxSE & 15%29] HR_R10] 7
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caramelized®o] UERFOH, 30xdl= BE A7t
banana®©°] el 50&d= HR_R02} HR_R1
caramelized¥}, HR_R2% blackberrydo] Uebgtt.
olE &9l o] wol gid & 100%2] HR_R27}
o2 A&o] vls) GAsHA thE &2 UEli= AL &
Qlottt. olQlo% apple, balsamic, minty, dill,
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