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Changes in flavor ingredients of distilled fruit brandy according to
the aging container and maturation period
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Hongcheon Institute of Medicinal Herb, 101 Yeonbongri, Hongcheon 25142, Korea
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Abstract

We investigated the effects of container type (oak, glass, and stainless vessels), maturation period, and application
of two different fruit materials (Actinidia arguta (ChungSan, Korean name), and Vitis coignetiae (Black Sun, Korean
name) cultivated in Gangwon, Korea) on the flavor characteristics of brandies. After 17 months of aging, significant
changes in the flavor ingredients occurred only in the brandies matured in oak containers. Particularly, the level
of isoamyl alcohol, an important flavor component, increased, indicating 1,294.3 mg/L and 4,125.4 mg/L in Actinidia
arguta brandy respectively, and 898.3 mg/L and 1,605.6 mg/L in Vitis coignetiae brandy respectively. In contrast,
the levels of acetaldehyde and methanol, which are volatile components decreased significantly after seven months
of aging. In addition, changes in the brandy flavor based on the maturation period were confirmed by measuring
the proportion of fatty acid ethyl esters. In general, the proportion of fatty acid ethyl esters increased as the maturation
period decreased. Therefore, we found that the brandy matured in oak containers for all maturation periods was
the most preferable based on the sensory evaluation, which might be correlated with a balance between the desirable
and undesirable components with aging.

Key words : storage container, distilled liquor, maturation, volatile compounds, fusel oils
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AofA] ARRE AJ2RQ1 n-propanol(Junsei Chemical Co.,
Ltd., Tokyo, Japan), isobutanol(Kanto Chemical Co., Inc.,
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alcohol (Daejung Chemical Co., Ltd.), n-amyl alcohol(Kanto
Chemical Co., Inc.), acetate aldehyde(Kanto Chemical Co.,
Inc.), ethyl acetate(Dacjung Chemical Co., Ltd.), methyl
alcohol(TEDIA, Fairfield, OH, USA)2 GC 48 EFA|9F
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Atk GC #40] ofste] 2% 7} peak w2 FEEEYY
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251 30Co0A 287 {ASE £, 1T/min $E2 35C714]
S2A1H L TR 10C/min $E2 150C7H] S2A1A 382
7 98 T, 60T/ min BEE 22|71 T 220Co]A] 287F
A3}, Carrier gas(N,)9] <5 45 mL/minZ RIS
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GC system, Agilent Technologies)E ©|-85}0] -#S]O]- i
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—ﬁ,— NISTO08 mass spectral database®} H|1Ws}o] Z}Z19] AHE

< FA5I9 o, Wi #FEZE AREH methyl laurate2]

SAHEH
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E9 ZF(head 1), 23} 55 AFEQ ZF(head 2’
(body), T5(tail)S H| 1 EA4I519Tt. Table 1, 2= E]'EH E
L mes Wl a5 AEs JuARel Fage
AL PR o ELHSHo| =0 Hgh2o] RS vl
WEAEIGIC

A2 o ELHstolE,

st Sl
31y WINE U B

g oAElolE, HEE, n-

BTE, o|aREE, olaoldYTE Fuol AEFHUL n-
FEHE, n-olEeIEo FFFE Be AlRAM HEHA

oorTh

o] A4, 14‘%_}"3 ol O]'kﬂEm‘Eﬂo]-O] o
OMMHIOIE, W2 12} W 22} 2FojjA {ojFoz 34
5718 2 LH(p<0.0001), E-FollA= OHﬂE‘?-_?Eﬂg}O]E 52.02
mg/L, WERE 241.11 mg/LE {oFo7 FA A5k
(p<0.001) = SFF LA FoE 7ISLFCHES
dlsto] = 700 mg/L o]}, Mk 1,000 mg/L ©]3}) oJstE
Uebgdth ofg obMHolER 1, 23 ZFOIA 3,099.31

mg/L, 1,602.04 mgLE {oldog A Uehtoukp<

N3 WS FE0R 7 ARo] GRIES AZSlh  00001), ERo)A 21864 myLE FOH0% A BAsHA
Table 1. Major volatile congener ranges of Actinidia arguta brandy (unit: mg/L)
Actinidia Acetate Ethyl Methyl n- Iso- n- Isoamyl n-Amyl Fusel oils

arguta aldehyde acetate alcohol Propanol butanol Butanol alcohol alcohol

Wi Lghoh  soo0 o0 sao0  soo0 N G N GG
Had 0 g fos™ ibor sooo sor N Gt N S
Head () o, LOOZOL - 20803, 3003 Losld ND 2l ND 3208

Body g00" w000 000t so00r  soo0 NP Lpor N0 R

Wi N> GG o s N N Igp N G

YEach value is expressed as meantSD (n=3).
2i\lot detected. ",
"p<0.05, “p<0.01,

p<0.001, “p<0.0001.
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Table 2. Major volatile congener ranges of Vitis coignetiae brandy (unit: mg/L)
Vitis Acetate Ethyl Methyl n- Iso- n- Isoamyl n-Amyl Fusel oils
coignetiae aldehyde acetate alcohol Propanol butanol Butanol alcohol alcohol
. 11.22 61.66 75.74 2326 68.45 ) 220.11 311.82
Wine +0.00" +0.00 +0.01 +0.00 +0.00 ND +0.00 ND +0.10
, 461.75 2,612,09 138.18 13123 55684 1,475.43 2,163.50
Head (1) 1600"™ 10,03 £0.07  +0.00 +0.00 ND +0.01 ND +0.69
, 524.90 1,617.35 286.40 111.14 378.90 861.25 1,35129
Head ) 501™ 001" 000" 000" 4000 ND +0.017 ND +0.38
38.16 255.58 272.23 107.96 281.01 898.33 1,287.30
Body £0.02° £0007" 200077 0007 £0.00" ND +0.017" ND +042°™
. 28.48 140.91 2437 156.02 180.39
Tail ND 0,01 +0.01 £0.00 ND ND +0.017 ND +0.09"

YEach value is expressed as meantSD (n=3).
2@\Iot detected. ",
"p<0.05, “p<0.01, “'p<0.001,

FHokk

<0.0001.

THp<0.0001). AR THTFL 13 24 257 WA 247 ey, 2eQlel), ARPE, 3, 7, 11, 17709) F94 )
440731 mglL, 320841 mglL glo] ABEe] 2 Y Fo R IFCEHIELTSIOIE, ofF obHelolE, kL), 4

A ROl fFEoR A YERRAL(p<0.0001), 7 & F 5F (n-TZRWS, O|AREE, n-FEE, o|4oldeTE,
A= 2,011.38 mg/Le HAF tiB] fodos A Ueht nolddFIS)S GC AHIE ol8sto] 245l e &
THp<0.0001). HA|7of|A] ot ELH[SIO|E, o ofAHoE, HERE, n-
HE2o Aol Y RFoES] oHEZHSIelE, ZRWE, o]AREE, oliobudFZo] HEHI:
o otAElo|E, mghZo] Tt FARE BaFE HolH, I+ o=l A7 SR FEATn-Z2TE, o|AREE, n-F
AG TGS 17}, 23 257 DA 22 2,163.50 mg/l,  EHZ, O]40lUYT L, p-otdYTL) A AT, AH]QlEA,
1,351.29 mg/L2 {02 A S7FIAal(p<0.0001), &  FElgolres #8F e 2 Aoks UehA] edten,
FolAE 1,287.30 mg/L gro] AEE AtKp<0.0001). Q35004 17711 &t HHdt AR0] F AR ol

6,274.24 mg/LZ £A UEFFTHTable 3). 3504 <4

SRF 487 U 90|78 FEY PIER U FH5E o]ANERE2 64741 my/LofA] 1,944.21.78 mg/LZE
s 24 FolFoR A F7I8IHLH(p<0.0001), o]iotddTZ

o Bl 022 ged SRR S487HQA%, & o Aol 129431 myLolA 412536 myLE SolHo

Table 3. Major volatile congener ranges of Actinidia arguta brandy (unit: mg/L)
Maturation Fusel oils
Actinidia eriod Acetate Ethyl Methyl
arguta P aldehyde acetate alcohol n- Iso- n- Isoamyl n-Amyl
(month) Propanol butanol Butanol alcohol alcohol
. 52.02 218.64 241.11 69.66 647.41 %) 1,294.31
Initial 0 £0.00" +0.00 +0.00 +0.00 +0.00 ND +0.01 ND
3 22.52 190.22 269.63 65.92 625.41 471 1,236.33 ND
.01 £0.01 +0.14 +0.00 +0.04 £0.00 8% +0.08
7 12.52 242.73 237.29 201.94 715.96 14.61 1,421.44 ND
+0.00 +0.00 +0.00 +0.01 +0.00 +0.00%*** +0.00
Oak
1 ND 184.43 113.33 88.51 1,023.66 28.64 2,065.25 ND
+0.03 +0.02 +0.00 +0.04 +0.00%*** +0.09
17 ND 224.65 ND 14978 1,944.21 54.89 4,125.36 ND

+0.00 +0.00 +0.04 +0.00%*** +0.02
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(continued)
Maturation Fusel oils
Actinidia eriod Acetate Ethyl Methyl
arguta P aldehyde acetate alcohol n- Iso- n- Isoamyl n-Amyl
(month) Propanol butanol Butanol alcohol alcohol
20.88 17684  404.13 63.93 616.68 12112
3 £0.00°"  £0.01""  £0.02" +0.00 +0.03 ND £0.05" ND
15133 24125 134.94 612.02 1.210.88
7 ND 0007 2000 +0.05" +0.00° ND £0.00" ND
Stainless
7133 196.68 63.48 630.10 1,238.62
1 ND 00077 000" +0.00 £0.00 ND +0.01 L
91.62 238.00 62.59 619.54 121549
17 ND £0007" 2000 +000 +0.00 ND £0.00° ND
2427 22185 389.18 62.00 595.74 1,170.62
3 000" 2000 001" +0007" 001" ND +0.02° ND
; 2068 10964 25298 163,16, 619.64 ND 1,223.09 ND
+0.00 +0.00 +0.00 +0.00 £0.00 +0.00
Glass
51.77 139.12 134.11 62.40 633.92 124227
1 1000 20007 0007 £0.00" £0.01 ND £0.01" ND
49.12 11412 25439 62.63 630.63 1,228.08
17 £000 000" 000 000" +0.01° ND +0.01"™ ND

YEach value is expressed as meantSD (n=3).
2)£\Iot detected. "
*p<0.05, “p<0.01, "*p<0.001,

ok

p<0.0001.

2 F7hole B3 At (p<0.0001). o H7 S5
n-RebE2 SAZ7)0le ASEA gten, R FFoA &
AESFE F94o=8 F718E BEH(p<0.0001), AH|QIZ| AL}
FEEolMe BAAEA g2 ERIskSith noldYdT S

= AlEOA ERIEA] ehotow, =291 3] 2 €]l
Ql o EY TS| E= 2350 AYAFE foHoE
23| aste AL ZRlskt

HE A7t SF7Y FARn-TETE, o|ARES, n-F
B, o|AoldYTE, noldYTE) A4AT, v M7t
St Hlusto] AHQIYA, FEoMe 7R AET
O] Zpo|7} A Ykt RAFAA 1771 Bt B A
59| F AR ool 241976 mg/LE A HE=SIT
(Table 4). @ TEOA SAELE 0]AHER2.L 281,01 mg/L
oA 687.88 mg/LE 8-2lH 0 & =9L71(p<0.0001), o]Ao}
2TF-20] Q0= 898.33 mg/LoJlA] 1,605.57 mg/LE &
oH o= Frtoh= AFE EAtKp<0.0001). MF J7t &
F5Y n-ReEE 4270 ASEA gokeH, 3%
oli 44E5E FYH R F7IRE HHH(p<0.0001), AH|QL
et FErgollA A=A 2= RIS n-obddF
22 EHEE %o, o ELTslolEk ol H7t SR
o FYsHA 2330l AT F45] At

FAG A& 5 oldopdg TS v Avt FHFY 4

O &AAF A= 129431 mgLoA 174E &4 &
4,125.36 mg/LE 27|H] OF 218% Z7}5gom, W 3
7} 35559 B9 AR Hofl= 898.33 mg/LoflA] 1771
24 B 1,605.57 mgLE OF 178% 2715190, o] Auk= 9
2 % T 39 AR ol e R wax]
ano] ojg) eofulir] SHdeamination)+ SA] B2
EA] Yk3{(decarboxylation)o]] SJsfjA AT = F4-8-9] oF
50% ©}%Jo] amyl alcoholZ A== 7|&9] A-A7H Choi,
2004)2} YA|RIE. /8710 wE A ARee| E4 Bk
TRt A7 B9 oln] HaEglon, 53], 955 AR
S ESFE= B 7] diY] €32 E &ATo] E 9, §4
A g @ FEIO] kg0 ER0] RS ST
7= ZAo& HIEI QItiKang, 2017; Lee, 2014).
SAS7F B IFETEQl FARE ofv]icAle] TS
Ao g0 ofgt Holr] 7] (deamination) W3} FA]
of| P7F=EA|(decarboxylation) §F3fl 2JsfiA] A8/ THKim,
2017). BEiEF5Y 257 784 H2,011.38 mg/L)o] W
F5F79] E51,287.30 mg/L)Ee} oF 1549 =4 YRt
o, ol= U= F9 op|iAr ShREF 52 B4l 71Igt
Ao E HRItHRyu &, 1987). 2339 FU=Sl 7o
A 9 F5A9] /3821 B, 21’ Aol /470l
A BEHDL, SRFY G AL I3 9 R Jeat 5t
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Table 4. Major volatile congener ranges of Vitis coignetiae brandy (unit: mg/L)
Maturation Fusel oils
Vitis eriod Acet- Ethyl Methyl
coignetiae P aldehyde acetate alcohol n- Iso- n- Isoamyl n-Amyl
(month) Propanol butanol Butanol alcohol alcohol
y 38.16 25558 27223 107.96 281.01 ) 898.33
Initial 0 +0.02" +0.00 +0.00 +0.00 +0.00 ND +0.01 ND
3 28.52 237.17 405.86 103.61 287.43 731, 905.86 D
+0.00 £0.01 +0.12 +0.00 +0.01 +0.00 +0.04
; 12.79 101.77 142.92 35381 314.73 2106 1,007.16 D
) £000%  £0.00 +0.10 +0.00 +0.00 +0.00 0,00
Oal
137.09 23.05 149.30 504.19 44.50 1,642.08
1 ND +0.08" £0.047 20027 10067 £00177 0207 ND
118.68 71.12 106.96 687.88 19.35 1,605.57
17 ND +0.00” +0.00° +0.00 001" 000" 0017 ND
26.68 25030 471,53 99.18 276.22 873.50
3 +0.00 +0.01 +0.02° +0.00 +0.01 ND +0.04 ND
13.59 104.63 282.97 290.08 269.65 859.49
7 £000° 000" +0.00 £001™ +0.00 ND £0.00 ND
Stainless
1273 84.72 172.59 95.72 276.74 876.83
11 £0000 400077 £0.007" £0.00° +0.00 ND +0.00 ND
19.06 115.39 279.09 93.96 272.13 864.75
17 +0.01 +0.00"" +0.00 +0.00° +0.00 ND +0.00 ND
56.94 31837 44124 94.00 259.87 822.51
3 003 =001 £001"" 000" £0.01" ND +0.02° ND
39.99 103.18 298.73 286.63 270.34 860.04
] 7 1000 0007 +0.00 +0.00°" +0.00 ND +0.00° ND
Glass
. 47.84 14512, 16.83 9348 276,86 \D 876.49 ND
£000 2000 +0.00 +0.00 +0.00 +0.01
39.30 69.47 2931 93.46 268.99 880.74
17 1001 00077 0037 2000 +0.00" ND +0.00 ND

YEach value is expressed as meantSD (n=3).
2?}Iot detected. "
'p<0.05, “p<0.01, "*p<0.001,

sk

p<0.0001.

ShSS Bo Q5] S48 SR 500 Ut %S A
A dThPark, 1995).

£ A7 AT chefot w2 Fof Augle] 0% &
718 AR RS AL AvlElae Sey 8710149 %
A o] FARA B ST A 1R of
AEgestol= g 714 Avpt Ueht 28402 443
Aol 4487171 thelet 0|2 B gt 712 9 B
o] Ztel] A% fdole], FE/NS Fold] Jleid A
o= Az

Isoamyl alcohol(a)2} isobutanol(b)2| a/b ratio H|u
=4

E3| F45 B = isoamyl alcohol(a)Z} isobutanol(by=

ab ratioR. FRF0] F570) ulet BEG 9718 Uehis A
A3 W1 RS 2K A0 ARA UthLee 5, 1989). & &
T 2, o) 9 v BT A0l ab ratioZ} % 2-3
O UehEor|(Table 5, 6), ol $4 BATe] FAAE
2 989 & 9o AMRi

HE 7} SR £47(7HE A|Wit fAHIZR 24

e S48 27 A 3 U Y S48E 5
o B 720 33k 72 SRHET A of| AF|
23} ghgo g PrdRo] A, gt |7t el
Aoz A QYrkKimT} Lee, 2019). £ 7oA GC-MS
£ 5ol B4 23}, A4 A" 2RV HEa el &
AE7|GA I = FEEA] gokor, SAT7goA A=
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Table 5. Change of fusel oils in storege vessel during maturation period of Actinidia arguta brandy (unit: mg/L)
Maturation Isobutanol Isoamyl alcohol a/b ratio®
period
(month) Oak Stainless Glass Oak Stainless Glass Oak Stainless Glass
0 647.41 647.41 647.41 1,294.31 1,294.31 1,294.31 2.00 2.00 2.00
+0.00" +0.00 +0.00 +0.01 +0.01 £0.01 +0.02 +0.02 £0.02
3 625.41 616.68 595.74 1,236.33 1,211.28 1,170,62 1.98 1.96 1.96
+0.04 +0.03 £0.017) +0.08 £0.05" +0.02 £0.02 +0.02 +0.01
7 715.96 612.02 619.64 1,421.44 1,210.88 1,223.09 1.99 1.98 1.97
+0.00 +0.00 +0.00 +0.00" £0.00” +0.00 +0.02 +0.00 +0.01
11 1,023.66 630.10 633.92 2,065.25 1,238.62 1,242.27 2.02 1.97 1.96
+0.04 +0.00 +0.01 +0.09 +0.01 £0.01° +0.01 +0.02 +0.01
17 1,944.21 619.54 630.63 4,125.36 1,215.49 1,228.08 2.12 1.96 1.95
+0.04 +0.00 +0.01 +0.02 +0.00° +0.01 +0.04 +0.01 +0.02
DEach value is expressed as meantSD (n=3).
Ratio = Isoamy! alcohol/Isobutanol.
"p<0.05, “p<0.01, “p<0.001, ~*p<0.0001.
Table 6. Change of fusel oils in storege vessel during maturation period of Vitis coignetiae brandy (unit: mg/L)
Maturation Isobutanol Isoamyl alcohol a/b ratio”
period
(month) Oak Stainless Glass Oak Stainless Glass Oak Stainless Glass
0 281.01 281.01 281.01 898.33 898.33 898.33 3.20 3.20 3.20
+0.00" +0.00 +0.00 +0.01 +0.01 +0.01 +0.04 +0.04 +0.04
3 287.43 276.22 259.87 905.86 873.50 822.51 3.15 3.16 3.17
+0.01 £0.01 £0.01" +0.04 +0.04 +0.02 £0.02 £0.03 +0.06
7 314.73 269.65 270.34 1,007.16 859.49 860.04 3.20 3.19 3.18
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.06 +0.00 +0.00
11 504.19 276.74 276.86 1,642.08 876.83 876.49 3.26 3.17 3.18
+0.06 +0.00 +0.00 +0.20 +0.00 +0.01 +0.01 +0.02 +0.06
17 687.88 272.13 268.99 1,605.57 864.75 880.74 2.33 3.18 327
+0.01 +0.00 +0.00 +0.01 +0.00 +0.00 +0.05 +0.02 +0.02
DEach value is expressed as meantSD (n=3).
JRatio = Isoamyl alcohol/Isobutanol.
3"p<0.05, “p0.01, p<0.001, ~*p<0.0001.
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Fig. 1. Gas chromatography-mass spectrometry base peak chromatograms of (A) Vitis coignetiae wine and (B) Vitis coignetiae brandy.

1, hexanoic acid, ethyl ester; 2, butanedioic acid, diethyl ester; 3, octanoic acid, ethyl ester; 4, decanoic acid, ethyl ester; 5, dodecanoic acid, ethyl
ester; 6, tetradecanoic acid, ethyl ester; 7, 9-hexadecanoic acid acid ethyl ester; 8, hexadecanoic acid, ethyl ester; 9, 9,12-octadecadienoic acid ethyl
ester; 10, 6,9,12-hexadecatrienoic acid, methyl ester; 11, octadecanoic acid, ethyl ester.

ISTD, internal standard.

Table 7. Changes of fatty acid esters during maturation period of alcohol (brandy and wine) containing Vitis coignetiae
(unit: Peak area %)

No  RT Compounds (nitial) (nitial) (maturaion
1 4.88 Hexanoic acid ethyl ester - - 9.30
2 7.48 Butanedioic acid diethyl ester 2.14 - 15.03
3 7.71 Octanoic acid ethyl ester - - 20.59
4 10.40 Decanoic acid ethyl ester - - 16.37
5 12.84 Dodecanoic acid ethyl ester - - 9.32
6 15.04 Tetradecanoic acid ethyl ester - - 1.38
7 16.85 9-Hexadecenoic acid ethyl ester - - 2.10
8 17.06 Hexadecanoic acid ethyl ester - - 19.43
9 18.62 9,12-Octadecadienoic acid ethyl ester - - 244
10 18.67 6,9,12-Hexadecatrienoic acid methyl ester - - 2.88
11 18.89 Octadecanoic acid ethyl ester 1.80 - 1.16
Others 96.06 0
Total 100.00 100
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