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Abstract

In this study, the good brewing conditions for the 24 °Brix freeze-concentrated apple wine were investigated. The
four selected Saccharomyces cerevisiae strains MM10, SS89, SS812, and WW108, could ferment quickly when
brewed with high sugar levels. During the fermentation, the reducing sugar contents slowly declined while the
total acid in all the yeasts increased and the final alcohol content was 12-13%, a typical wine’s alcohol content.
The viable counts were shown to be 6-6.8 log cfu/ml. During the fermentation, the organic acid content was shown
to be within the range of 2.36-3.11%, and the free sugar content, except for the SS89 and WW108 strains, was
shown to consist only of sorbitol, although fructose was somewhat detected in the SS89 and WW108 strains. Methanol
was not detected, or only a trace of it was detected, and the aldehyde content was 107.68-114.27 ppm. As for
the fusel oil contents, a trace of propanol was detected. Isobutanol and butanol were present in 40.16-54.65 and
25.47-27.73 ppm, respectively. The isoamyl alcohol content was shown to be the highest (108.88-217.26 ppm).
The final total phenolic compounds were shown to be 0.1-0.16%. The final Hue values were shown to be 1.3-3.6,
and the final intensity was 0.1-0.45. The lightness (L) was within the range of 91.78-98.51, the redness (a) was
at a neutral position at red and green, and the yellowness (b) was within the range of 2.38-7.7. In the sensory
evaluation, the SS812 strain was found to be the best in terms of color, the SS89 strain in terms of odor, and
the WW108 strain in terms of taste. Overall, SS812 was found to be the best apple wine.
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Fig. 1. Flow diagram for the apple wine using 24 °Brix
freeze-concentrated apple juice.
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Fig. 2. Changes in the soluble solid (A) and reducing sugar contents (B) during fermentation of 24 °Brix freeze-concentrated apple juice.

W-3, control yeast.
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Fig. 3. Changes in the pH (A) and total acid contents (B) during fermentation of 24 °Brix freeze-concentrated apple juice.

W-3, control yeast.
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Fig. 4. Changes in the alcohol content (A) and viable count (B) during fermentation of 24 °Brix freeze-concentrated apple juice.

W-3, control yeast.
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Table 1. Contents of organic acids in apple wine after
fermentation of 24 °Brix freeze-concentrated apple juice

(%)

St Malic acid S";;ﬁ‘ic Lactic acid  Acefic acid Total acids
MMIO 077052 01015 197:095 0084028 292
SS9 0834068 026020  141:088 003023 252
SS812 0824064 0226009  139:071 003027 246
W3 1014084 0I15:018 127:078  ND 243

Results are presented as the meanSD of 3 independent experiments in triplicate.
W-3, control yeasts; ND, not-detected.
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Table 2. Contents of free sugars in apple wine after fermentation
of 24 °Brix freeze-concentrated apple juice

(%)

Strain Sucrose  Glucose  Fructose  Sorbitol  Total sugars
MMI0 ND ND ND 0.6210.14 0.62
§589 ND ND 0012029  060£020 0.61
88812 ND ND ND 0.60£0.17 0.60
W-3 ND ND ND 0.57+0.16 0.57

Results are presented as the meantSD of 3 independent experiments in triplicate.
W-3, control yeast; ND, not-detected.
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Table 3. Contents of methanol, aldehyde, ethyl acetate and minor fusel oils in apple wine after fermentation of 24 °Brix freeze-concentrated

apple juice
(ppm)
Strain Methanol Aldehyde Ethyl acetate Propanol Isobutanol Butanol Isoamyl alcohol
MM10 Tr 107.93£25.4 5527£1.26 Tr 40.49+1.47 25.79:0.17 108.88+21.9
5589 ND 114274319 69.54+2.54 Tr 54.24%2.10 21.73:029 166.8030.8
§8812 ND 107.681275 69.15:2.11 Tt 54.65+2.68 27494026 168.94£32.7
W-3 ND 112.53+30.8 5838247 Tr 47284258 25470.12 217.26139.6

Results are presented as the meantSD of 3 independent experiments in triplicate.
W-3, control yeast; Tr, traces; ND, not-detected.

Table 4. Contents of total phenolic compounds, hue and intensity
values in apple wine after fermentation of 24 °Brix freeze-
concentrated apple juice
Total phenolic
Strain compounds
Odly 21dy Oday 21dy Oday 21 day

MMIO 0.16£0.09 0.16:0.10 2.09+0.54 2.01:042 021+0.68 0.30£0.54
SS89 0184024 0.1610.17 1.68+0.38 1772029 0321047 0.42:0.18
SS812 0174020 0.151029 1.79:0.61 1.72¢045 031:0.12 045041
W3 0124016 001009 123+0.39 140+0.28 0.32:0.84 0.30+0.58

Hue Intensity

[
unit: %.

Results are presented as the meantSD of 3 independent experiments in triplicate.
W-3, control yeast.

Table 5. Hunter color values in apple wine after fermentation of
24 °Brix freeze-concentrated apple juice

Strain L a b
MM10 93.873.56 - 0571049 592028
SS89 91.78+4.15 0.1+0.78 2.38+047
SS812 95.6211.89 - 018093 7.7£0.39
W-3 98.1942.39 - 1.0120.13 5231023

Results are presented as the mean+SD of 3 independent experiments in triplicate.
W-3, control yeast.

Table 6. Sensory evaluation of apple wine after fermentation of
24 °Brix freeze-concentrated apple juice

Strain Color Odor Taste prgggealnie
MM10 3.60°+0.95 3.90°+0.65 340078 3.40°40.84
5589 3.80°+0.43 410°+0.14 340'+0.24 3.55'10.76
$S8812 3.90°+0.58 3.65°40.25 340°£0.67 3.65°+0.55
W-3 33040.15 3.05'10.67 2804031 2.95'+0.57

Results are presented as the meantSD of 3 independent experiments in triplicate.
*Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan's multiple range test (p<0.03).

Sensory analysis was conducted by 10 panels using scoring different test and sensory
scores were 5, excellent; 3, fair; 1, very poor.

W-3, control yeast.
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