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Fig. Ic is a GUVS spectrum for the Kinman Sorghum W ne

that had been stored for twenty years. Fig. 1d is a

GC/ M5 spectrum for the Ifinman Sor ghum Wne that had

been stored for fifty years. Fig. le is a GO M
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Taste Color Aroma Wne produced in Exanple 7 Snooth
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conf g Qlthe al@r@ug 308 dthb'catalygir&@&idﬁ e (bar) (psi)
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Corﬁﬂtﬂl‘npl&%ﬁeﬂa 9 138 2000 65 200 1.5 Snmpot h ol den
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[°°3f]l Regppctively, 500 ml of 58° Kinman SorghumeesoldcommercuaNylnTalwanwas poure info different 1000

mil wine bottles, and then added 3 g, 5 g, and 10 g of an enzyme into each bottle. The bottles were sealed for 6 months,
and were then opened for testing. The enzyme was Novozym 435.

[0036] Wine samples that had been subjected to esterification were compared to those that had not in regard to taste,
color, and aroma thereof. It was found that there were no significant differences between the two.

Example 1

[0037] The apparatus shown in Fig. 5 was used in this example, in which portions of the 58° Kinman Sorghum Wine
sold commercially in Taiwan were aged. The supercritical trough had a volume of 37 liters and was filled with 18 kg of
Pro-Pak®; 1 kg of a catalyst was used in the catalyst trough, and the catalyst used was Novozym 435, As for the reaction
conditions, supercritical carbon dioxide in the troughs was maintained at 172 bar (2500 psi) and 50°C, and a flow rate
of the Sorghum Wine was set at 50 L/hr.

[0038] Subsequently, comparisons were made between the esterified wine, the non-esterified 58° Kinman Sorghum
Wine, the Kinman Sorghum Wine that had been stored for 20 years, and the Kinman Sorghum Wine that had been
stored for 50 years sold in Talwan in regard to taste, color, and aroma thereof. The results are shown in Table 1, which
indicates that wine samples produced in Example | are significantly better than the 20-year and the 50-year Kinman

Sorghum Wine with regard to their taste, color, and aroma.

Table 1: Comparison of taste, color, and aroma between Kinman Sorghum Wine and wine produced in Example 1.

Taste Color Aroma
58° Kinman Sorghum Wine Sham Transparent and colorless Pungent
20-year Kinman Sorghum Slightly shamp Slightly goiden Slightly pungent
Wine
50-year Kinman Sorghum Mildly shamp Lightly golden Mildly pungent
Wine
Wine produced in Example 1 | Smooth Golden Aromatic

[0039] inthenextstep, GC/MS (Gas Chromatograph/Mass Spectroscopy) analyses were carried outfor the commercial
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58° Kinman Sorghum Wine, wine produced in Control Example 3, 20-year and 50-year Kinman Sorghum Wines, and
wine produced in Example 1; with the flowing rate of the GC/MS analyzer set at 1 mi/min, initial temperature of 40°C,
temperature rising rate of 5°C/min, and the temperature was fixed once 260°C was reached. The resultant spectra are
shown in Figs. 1a, 1b, 1¢, 1d, and 1e; wherein the peaks shown at the left hand side in the circles indicate the presence
of ethyl hexadecanoate, which has an abundance of approximately 700K (equivalent to 700000), 100K, 900K, 105CK.
and greater than 5500K, respectively in Figs. 1ato 1e, whereas the peaks shown at the right hand side in the circles of
the spectra indicate the presence of ethyl linoleate, which has an abundance of approximately 400K, 50K, 500K, 500K,
and 4500K, respectively in Figs. 1a to te. The results indicated that esterification under supercritical conditions of the
present invention increases ester concentration in the wine, which makes the wine more aromatic.

Examples 2-3

[0040] The apparatus shown in Fig. 5 was used in this example, in which portions of the Wuliangye Wine produced
in China were aged. The supercritical trough had a volume of 10 liters and was filled with 5 kg of Pro-Pak®; 200 g of a
catalyst was used in the catalyst trough, and the catalyst used was Novozym 435. As for the reaction conditions,
supercritical carbon dioxide in the troughs was maintained at 172 bar (2500 psi) and 50°C, and fiow rates of the Wuliangye
Wine were set at 3 L/hr and 1.5 Lshr for Examples 2 and 3, respectively.

[0041] Table 2 shows the comparisons of taste, color, and aroma between wine samples that had undergone esteri-
fication and that had not. It was discovered that the taste, color, and aroma of the wine produced in Examples 2 and 3

were clearly better than that of the unesterified wine.

Table 2: Comparison of taste, color, and aroma between Wuliangye Wine and the wine produced in Examples2and 3.

Taste Color Aroma
Commercial Wuliangye Wine | Sharp Transparent and colorless Pungent
Wine produced in Example 2 | Smooth Golden Aromatic
Wine produced in Example 3 | Smooth Golden Aromatic

{0042] Subsequently, GC/MS analyses were also carried out for the unesterified wine and the wine produced in
Examples 2 and 3; with the flow rate of the GC/MS analyzer set at 1 mmin. initial temperature of 40°C, temperature
rising rate of 5°C/min. and the temperature was fixed once 260°C was reached. The resultant spectra arc displayed in
Figs. 2a, 2b, and2c; whereinthe abundance of ethyl hexadecanoateis approximately 100K, 300K, and 550K, respectively;
whereas the abundance of ethyl linoleate is approximately 50K, 200K, and 400K, respectively. The results demonstrate
that esterification under supercritical conditions raises ester concentration in alcohols, which in turn makes the alcohols

more aromatic.

Examples 4-8

[0043] Portions of commercial Suntory Whisky were put into the supercritical trough shown in Fig. 5 to undergo
reactions, wherein the supercritical trough had a volume of 10 liters and was filled with 5 kg of Pro-Pak®; 200 g of
catalysts were used in the catalyst trough, and the catalysts used was Novozym 435, As for the reaction conditions,
supercritical carbon dioxide in the troughs was maintained at 172 bar (2500 psi) and 50°C, and flow rates of the Suntory
Whisky in Examples 4, 5, 6, 7 and 8 were set at 3.0L/r, 2.5 L/r, 2.0 L/hr, 1.5 Uhr, and 1.0 Uhr.

[0044] Table 3 shows the comparison of taste, color, and aroma between wine samples that had undergone esterifi-
cation and that had not. it was found that the taste, color, and aroma of the wine produced in Examples 4-8 were clearly

better than that of the unesterified wine.

Table 3: Comparison of taste, color, and aroma between Suntory Whisky and wine produced in Examples 4-8.

Taste Color Aroma
Suntory Whisky Shamp Brownish yellow Pungent and dense
Wine produced in Example 4 | Smooth Light brown Light fruity aroma
Wine produced in Example 5 | Smooth Light brown Light fruity aroma
Wine produced in Example 6 | Srnooth Light brown Light fruity aroma
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{continued)
Taste Color Aroma
Wine produced in Example 7 | Smooth Light brown Light fruity aroma
Wine produced in Example 8 | Smooth Light brown Light fruity aroma

[0045] Again, GC/MS analyses were carried out for the wine produced in Examples 4-8; with the flow rate of the
GC/MS analyzer set at 1 mUmin, initial temperature of 40°C, temperature rising rate of 6§°C/min, and the temperature
was fixed once 260°C was reached. The resultant spectra are shown in Figs. 3a, 3b, 3¢, 3d, and 3e. In each of the
spectra, a peak representing acetic acid (Peak 2) and a peak representing impurities mainly of 3-methy! 1-butanol (Peak
1) have been enlarged and displayed at the center of each spectrum. The results indicate that esterification under
supercritical conditions effectively reduces the concentration of impurities in alcohols, thus reducing the sharp taste and

pungent smell of the alcohols.
Examples 9-24

[0046] Kinman Sorghum Wine sold in Taiwan was subjected to esterification under supercritical conditions by using
the equipment described in Example 2 (please referto Table 4 for the amount of catalyst used)and the reaction conditions
listed in Table 4, and the taste, color, and aroma of the esterified wines were compared and shown in Table 4.

Table 4: The reaction conditions and results of Examples 9-24.

Ex. Pressure Temp. | Catalyst | Flow Taste Color Aroma
(bar) {psi) (°C) amount rate
@ (L/hr)
9 138 | 2000 65 200 15 Smooth Golden Aromatic
10 172 | 2500 65 200 1.5 Smooth Golden Aromatic
11 207 | 3000 65 200 1.5 Smooth Golden Aromatic
12 242 | 3500 65 200 15 Smooth Golden Aromatic
13 276 | 4000 65 200 1.5 | Smooth Golden Aromatic
14 207 | 3000 40 200 25 Smooth Light gold Aromatic
16 207 | 3000 50 200 25 Smooth Light gold Aromatic
16 207 | 3000 60 200 25 Smooth Light gold Aromatic
17 207 | 3000 70 200 25 | Smooth Golden Aromatic
18 207 | 3000 80 200 25 | Smooth Golden Aromatic
19 | 207 | 3000 90 200 25 | Smooth Golden | Aromatic
20 193 | 2800 100 1.0 Smooth Golden Aromatic

21 193 | 2800 150 1.5 Smooth Golden Aromatic

45
45
22 193 | 2800 a5 200 2.0 Smooth Light gold Aromatic
45
45

250 25 | Smooth Light gold Aromatic
300 3.0 | Smooth | Slightly golden | Aromatic

23 183 | 2800
24 193 | 2800
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