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Changes of the Concentration of Various Substances during Storage .

Hch Ethyl acetate®| -2

3 Rl TEE

In glass bottle. In barrel

———— ————

Alcohol Whisky Alcohol Whisky

. Ethyl alcohol 59.2 59.1(50.0) 50.6 50.0
Acetaldehyde - 50 (42 ) 41 75
Acetal 64 (54 ) 36 76
Acetic acid 366 (310 ) 548 562
Ethyl acetate 462 (391) 223 515

| I T S I T A

n-Propyl alcohol 507 (429) - 421
Isobuty} alcohol 542 (458 ) - 486
Isoamyl alcohol 504 (426 ) - 490
Isoamyl acetate 100 (85 ) - 81
Ethyl Caproate - 95 (80 ) -

Concentration . ethyl alcohol v/v%, others ppm

( ) * concentration calculated as 50v/v% alcohol(the same
concentration of whisky in the barrel),

Alcohol { alcohol solution

Whisky . model whisky solution,
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H. 6 Amount of various substances evaporated
from the barrels at various storage

temperature
storage temperature
15C 30T
Total (8) 102. 21 369. 87
Ethyl alcohol (8) 39. 50 229.75
Water (8) 62.71 140. 12
| Acetaldehyde {mg) 8.43 41.86
Acetal (mg) 6.26 9,97
Acetic acid (mg) 5.51 22.47
Ethyl acetate  (mg) 8.99 115. 39
Isoamyl alcohol = (mg) 6.26 34.80

Each 60% (v/v) ethanol aqueous solution was
storaged for one year
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Fig. 14. Amount of ethanol and water evaporated
from the barrels during storage
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Fig. 15 Amount of acetaldehyde, acetal and isoamyl
alcohol evaporated from the barrels during
storage
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Fig. 16 Amount of acetic atid, ethyl acetate and
isoamyl alcohol evaporated from the barrels
storage

® FriAlcohol B0 23 £RE £ 74
vebl vpel o] HEERME Ethanol B &

3 €] AlcoholiRE 60% Zo| wo| =l

o=k,

—60-

H. 7 Amount of various substances evaporated
from the barrels durhg storage owing to
various alcoho!l content

initial ethanol content (v/v)
50 % 60 %
Total (8) 181.16/ 220.41
Ethyl alcohol (8) 102.89, 134.21
Water _ () 78.27 86.00
Acetaldehyde (mg) 33.43 15.32
Acetal (mg) 11.21 4.55
Acetic acid (mg) 46. 81 24.70
Ethyl acetate {mg) 140. 50 102,77
Isoamyl alcohol  (mg) 21.78 21.20

storage temperature . room temperature (10~30°)
storage period . one year
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Fig. 17 Amount of ethanol and water evaprated
from the barrels during storage of ethanol
aqueous. solution storage temperatﬁre ‘room
temperature (10~307C)
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Fig. 18 Amount of acetaldehyde, acetal and isoamyl
alcohol evaporated from the barrels during
storage of ethanol aqueous solution
storage temperatune : room temperature
(10~30%C)
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Fig.19 Amount of acetic acid, ethyl acetate
and isoamyl! alcohol evaporated from the
barrels during storage of ethanol agueous
solution
storage temperature
(10~30TC)
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¥ .8 Changes of various substances during storage

storage temperature
15C 30C
Ethyl alcohol (v/v) 53.0 47.5
Acetaldehyde (ppm) 15.7 40.9
Acetal (ppm) 26.4 14.9
Acetic acid (ppm) 135.1 469. 7
Ethyl acetate (ppm) 39.2 160.6
[soamyl alcohol | {ppm) 535 507
Phenol {ppm) 460 960
oy’ 0.070 0. 450
0D} (X 100) 0. 025 0. 140

beginning concentration of ethyl
alcohol : 60% (v/v)

storage period . one year
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Fig.20 DSC thermogram of the melting of rapidly
frozen 60% ethanol stored in barrel
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H.9 Chages of various substances during storage

Initial ethyl'alcohol content

50% 60%
Ethyl alcohol (v/v) 42.0 53.5
Acetaldehyde (ppm) 64.3 44.2
Acetal (ppm) 25.9 25.2
Acetic acid {ppm) 770.6 415. 4
Ethyl acetate (ppm) 236.4 189. 8
Isoamyl alcohol (ppm) 508 587
Phenol (ppm) 3700 2440
OD°(x10) 0. 200 0. 165
oD (<100) 0.340 0. 260

room temperature (10~307C)
storage period . one yer

storage temperature :
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Fig.21 DSC thermogram of the melting of rapidly
frozen 60% and 50% ethanol stored in bar-
els
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. 10 The Relative Humidity at Various
Storage Conditions

Storage Relative Humidity
Condition ax. (%) Min. (%) Ave. (%)
A 48 40 46
B 70 51 61
C 94 89 93

H. 11 The Relative Humidity at Various Observation Point near Typical Whisky Distilleries

Obeservasion place] Max. (%)| Min. (%) | Ave. (%)
SUTTSU 88 72 77
YAMAGATA 83 67 77
KARUIZAWA 89 74 81
KOFU 80 62 72
KYOTO 76 67 73
NAGOYA 81 67 74
OITA 82 67 76
(Japanese)

Observasios place ax. (%)| Min. (%) |Ave. (%)
ABERDEEN 89 81 87
{Scotch)

NASHVILL 77 66 68
(Burbon) -

ARMSTRONG 82 69 75
(Canadian)

DUBLIN 87 76 83
(Irish)

()

: Name of typical whisky
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Fig. 22 Changes in Ethyl- alcohol Concentrations
during Aging of Whisky
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. 12
Concentrations of Acetic Acid, Ethylacetate and Acetaldehyde at Various Storage Periods and Hunidity

Storage periods (M) Humidity conditions | Acetic Acid(mg/@)hylactate (ppm) | Acetaldehyde (mg/@)
A 201 14 23
2 B 229 14 19
C 223 11 21
A 310 37 23
4 B 301 37 23
C 335 42 24
A 372 77 31
8 B 382 75 34
C 382 73 31
A 452 93 36
12 B 445 7 30
C 412 67 36

4) Phenol {E&%), RINFILN, WEE
ofFoll ¥t MEfEE 3 oAl HES A & el k&l ek olos 12fEA

3 glow, EERIAC wel FobxlAak, Kig ol A= ALl —EsHirh

Z2] Alcohol# 9l #pnAl 7l i- Amyl alcohol & AL 7 KB, °| IMre E
e e EHES #Estd ERES Wb BEb 58 7, wifie] ofuE iyl Ao
BEE 2 od ot R, 4P Hreil A 7k e},

.H. 13 Concentrations of Phenolic Compounds, OD f3°, OD’, at various Storage Periods and Humidity.

Storage Periods | Humidity Conmdition|Phenolic Compounds {ppm) opi® oD
A 685( 729 13.5(14. 4) 0.725(0.771)
2 B 850( 878) 15.2(27.8) 0.990(1. 022)
C 760( 868) 15.2(17.3) 0.800(0.913)
A 860 ( 885) 18.5(19.0) 0.975(1. 003)
4 B 1,040 (1, 059) 23.523.9) 1.260(1. 283)
C 1,065(1, 061) 22.0(21.9) 1. 100(1. 096)
A 1,025( 915) 23.0@0.5) 1.200(1.071)
8 B 1,270(1 080) 27.523. 4) 1.510(1. 284)
C 1, 070(1,017) 25.0(24.0) 1. 250 (1. 188)
A 1,250( 900} 27.0(19.5) 1. 450 (1. 045)
12 B 1,400, 101) 30.023.6) 1. 640 (1. 289)
C 1,290 (1, 199) 28.0126.0) 1.400(1. 301)

() : The amounts of these substrates in each alcohol solution were corrected for iso-amylalcohol
which was determined by ges chromatography. (A) :Bﬁ

. corrected data

. measured data at each period each sample

. concentration of iso-amylalcohol at first stage

[l @ Nveli-4

. concentration of iso-amylalcohol at each period each sample
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