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Abstract

Normal- and late-harvested Fuji apples were fermented using the rapid-fermenting yeast strain Saccharomyces cerevisiae
SS89. The late-harvest apples showed a slightly higher soluble-solid content with a lower level of total-acid and
moisture (p<0.05) contents as well as hardness (p<0.05) than the normal-harvest apples. During the fermentation,
the apples had similar changes in the pH and total-acid content regardless of the harvest time, but the increases
in the alcohol content and yeast viable count with the decrease of the soluble-solid content were more rapid in
the late-harvest apples than in the normal-harvest apples. After the completion of the fermentation, the soluble-solid
and alcohol contents became very similar. The late-harvest cider showed a high total phenolic-compound content
and a high DPPH radical scavenging effect, although these were slightly lower than those of the normal-harvest
cider. It also showed a higher malic-acid content and higher hue color (p<0.05), Hunter’s L, and b (p<0.05) values
than the normal-harvest cider. In the sensory evaluation, the late-harvest cider obtained a higher score in taste
and a lower score in color compared to the normal-harvest cider.
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Fig. 1. Changes in the temperature during the ripening of the Fuji
apples used in this study.
The apples were harvested at November 21th for the normal harvest (A) and December
15th for the late harvest (B). O, average temperature; I, the lowest temperature
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Table 1. Proximate composition of the normal and late harvest
Fuji apples

Item Normal harvest Late harvest
Soluble solid (“Brix) 13.0+0.2* 13.6+0.1°
pH 45:0.1° 460.1°
Total acid (%) 0.20+0.1* 0.18+0.1°
Reducing sugar (%) 11.1+0.1° 112402
Moisture (%) 86.8+1.1° 84.810.6"
Hardness (Ibs) 137:0.6" 11.940.8°

Juice ratio (%) 60.9610.48" 60.8010.34"

All the data were expressed as meantSD (n=3).
®Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan’s multiple range test (p<0.05).
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Fig. 2. Changes in the physicochemical properties during the fermentation of cider from normal and late harvest Fuji apples by S. cerevisiae

SS89.

During the fermentation, contents of soluble solid ((J,Il) and alcohol (O, @) in the panel A as well as total acid content (O,4p) and pH (2 ,A) in panel B were analyzed
for 14 days. Open and closed symbols represent normal and late harvest apples, respectively. All the data were expressed as meantSD (n=3).
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Fig. 3. Changes in the yeast viable count during the fermentation
of cider from normal and late harvest Fuji apples by S. cerevisiae
SS89.

The yeast viable counts were determined during the fermentation of the normal harvest

apples () and the late harvest apples (@) by S. cerevisiae SS89. All the data were
expressed as meantSD (n=3).
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The bar & in the panel B represent ascorbic acid used as a positive control for the
DPPH radical scavenging activity test. All the data were expressed as meantSD (n-3).
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Table 2. Color values in the normal and late harvest cider
fermented by S. cerevisiae SS89

Color Hunter color values
Hue Intensity L a b
Normal harvest 1.470.12° 0.17+0.02° 97.51+0.82° -0.34+0.09" 2.75+0.06°

Type

Late harvest 1.83+0.14" 0.15+0.01" 98.06+0.67" -0.47+0.10" 3.38+0.07°

All the data were expressed as meantSD (n=3).
®Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan’s multiple range test (p<0.05).
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Table 3. Organic acid contents in the normal and late harvest
cider fermented by S. cerevisiae SS89

Organic acid (%)

Type
Citric acid ~ Malic acid ~ Succinic acid Lactic acid
Normal harvest  0.19:0.03*  049+0.11°  0.17+0.04"  0.06+0.02°
Late harvest 0.16+0.06°  044x0.12*  0.17x0.05  0.0620.03"

All the data were expressed as meantSD (n=3).
*Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan’s multiple range test (p<0.05).
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Table 4. Contents of aldehyde, ethyl acetate and minor alcohols

in the normal and late harvest cider fermented by S. cerevisiae
SS89

Item (ppm) Normal harvest Late harvest
Acetaldehyde 106.5+12.5 105.8+10.8"
Ethylacetate 36.03+4.62" 36.324.8T"
Propanol ND Trace
iso-Butanol 16.58+2.21° 16.41+1.29"
Butanol 23.62+1.80" 21.44+1.38°
iso-Amyl alcohol 69.47+5.09° 67.87+4.26'

All the data were expressed as meantSD (n=3). ND, not detected.
“Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan’s multiple range test (p<0.05).
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Table 5. Sensory scores by the analysis of variance for
organoleptic properties of the normal and late harvest cider
fermented by S. cerevisiae SS89

Sensory quality
T
e Color Flavor Taste Ovemll
preference
Normal harvest — 3.78'+042 344’096 3221050  344'+0.64
Late harvest 344'+050 3441083 3441079  3.11't0.31

Sensory evaluation was conducted by ten members of panel using scoring difference
test and sensory scores were 5, excellent; 3, fair; 1, very poor.

Means scores within a column followed by the same superscript are not significantly
different at 5% level using Duncan’s multiple range test (p<0.05).
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