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Abstract

The aim of this study was to develop high quality no-sugar-added apple cider. Physicochemical characteristics of
the apple cider fermented using a co-culture of Saccharomyces cerevisiae Fermivin and non-Saccharomyces yeasts
(Pichia anomala JK04 and Issatchenkia orientalis KMBLS5774) were investigated after freeze concentration (FC)
until alcohol content reached 12% (v/v). Compared with others, JK04 cider showed delayed alcohol fermentation.
Soluble solid, reducing sugar, total acidity, and total phenolic compounds including free-sugar content of JK04
cider were considerably increased after FC compared to those of other ciders. Malic acid content was the highest
among organic acids in all ciders after FC, while lactic acid content remained unchanged. Methanol, acetaldehyde,
and fusel oil content of all ciders increased after FC; but it was lower than the standard of Korean Food Standards
Codex. Hue value decreased in Fermivin and JK04 ciders but increased in 5774 cider. Intensity values of all ciders
increased. L and a values in all ciders decreased, whereas b value increased remarkably. In total, 20 types of
volatile aromatic compounds were detected. High molecular weight compounds increased while low molecular weight
compounds decreased after FC. JK04 cider got the highest color and flavor scores, while 5774 cider got the highest
taste and overall preferences scores. Therefore, these data show that non-Saccharomyces yeasts and freeze concentration
can be used to improve the overall quality of apple cider.
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Fig. 1. Changes in the soluble solid content (A), reducing sugar content (B), alcohol content (C), pH (D), total acid content (E), and total
phenolic compound (F) of apple ciders fermented by single fermentation with Saccharomyces cerevisiae W-3 (@), mixed fermentation with
S, cerevisiae Fermivin and Pichia anomala JK04 (), and mixed fermentation with S, cerevisiae Fermivin and Issatchenkia orientalis

KMBL5774 (A) during alcohol fermentation.
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Fig. 2. Changes in the soluble solids content (A), reducing sugar content (B), alcohol content (C), pH (D), total acid content (E), and
total phenolic compound (F) of apple ciders fermented by single fermentation with Saccharomyces cerevisiae W-3, mixed fermentation
with S. cerevisiae Fermivin and Pichia anomala JK04, and mixed fermentation with S cerevisiac Fermivin and Issatchenkia orientalis

KMBL5774 before (l) and after () freeze concentration.
"'p<0.001 is considered statistically significant using a Student’s t-test.
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Table 1. Changes in free sugar and organic acid contents of apple ciders fermented by Saccharomyces cerevisiae Fermivin (Fermivin),
mixed culture of S. cerevisiae Fermivin and Pichia anomala JK04 (Fermivin+JK04), mixed culture of S cerevisize Fermivin and Issatchenkia
orientalis KMBL5774 (Fermivin+KMBL5774) before and after freeze concentration

Free sugar contents (g/L)

Organic acid contents (g/L)

s Sucrose Glucose Fructose Citric acid Tartaric acid Malic acid Lactic acid Acetic acid
Before  0.20£0.06" 0.03+0.02 0.10+0.06 0.070.01 0.090.01 0.61+0.02 0.010.01 0.010.01
Fermivin ~ After  0.04+0.03 0.01+0.01 0.11£0.09 0.090.01 0.12+0.03 0.96+0.04 0.0240.01 0.01+0.00
p value?  0.014480" 0.196261 0.880541 0.070484 0.175693 0000171 0.287864 1
Before 202021 3.1440.17 38.110.89 0.05+0.01 0.070.01 0.59+0.05 0.010.01 0.21+0.05
Fermivin+JK0O4 ~ After  10.0442.33 703121 84.38+6.81 0.14+0.01 0.16+0.03 0.96+0.03 0.010.01 0.49+0.04
pvalue 0017551 0.031350" 0007264 0.000385™ 0.007876" 0.000389™ 1 0001629
Before  0.05+0.01 0.02£0.01 0.040.01 0.06+0.01 0.09+0.02 0.44+0.02 0.020.01 0.000.00
Eﬁ%“&‘?; y  Afer 027004 0.050.01 0.040.01 0.08+0.01 0.11£0.03 0.93+0.02 0.02:0.01 0.01£0.01
p vale  0.000762" 0.021312° 1 0.070484 0391076 0.000007" 1 0.225403
The values were expressed as meantSD (n=3).
?p values were considered statistically significant using a Student’s ttest (", p<0.05; ~, p<0.01; ™, p<0.001).
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Table 2. Changes in methanol, acetaldehyde, and fusel oil contents of apple ciders fermented by Saccharomyces cerevisize Fermivin
(Fermivin), mixed culture of S. cerevisiae Fermivin and Pichia anomala JK04 (Fermivin+JK04), mixed culture of S. cerevisiae Fermivin
and Issatchenkia orientalis KMBL5774 (Fermivin+tKMBLS5774) before and after freeze concentration

Strains Methanol Acetaldehyde Fusel oil contents (mg/L)
(mg/L) (mgfL) Isopropyl alcohol Isoamyl alcohol Tsobutyl alcohol

Before 32.11£1.82" 149.64+5.03 114.64%3.54 ND? 163212278

Fermivin After 119.35+7.09 173474936 262.05+23.87 61.68+4.25 2161121027
p value? 0017776° 0000032 0.008814” 0.000999
Before 42.24+3.06 132.19+5.89 ND ND 174.55£10.95

Fermivin+JK04 After 264.60+11.05 105.69+9.48 ND 131.38+11.55 370.2319.82
p value 0.014701" 0.000004™ - - 0.000021™
Before 40.65:1.24 148.1846.89 ND ND 2476412037

Ferbvin: After 14270:931 20236:688 ND 71.88:9.82 412621192
p value 0.000648™ 0.002811" - - 0.000267"

The values were expressed as meantSD (n=3).

2p values were considered statistically significant using a Student’s ttest (", p<0.05; ~, p<0.01; ™, p<0.001).

IND, not detected.
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Table 3. Changes in color values of apple ciders fermented by Saccharomyres cerevisiae Fermivin (Fermivin), mixed culture of S. cerevisiae
Fermivin and Pichia anomala JK04 (Fermivin+JK04), mixed culture of S. cerevisiae Fermivin and Issatchenkia orientalis KMBLS5774

(FermivintKMBL5774) before and after freeze concentration

) Color Hunter’s color values
Strains
Hue Intensity L a b

Before 3.02:0.01" 0.19£0.02 64.39+0.03 0.16+0.05 1.00:0.01
Fermivin After 2.88:0.04 0.36+0.02 63.24+0.08 0.04x0,02 2.28+0.05
p value? 0.004177" 0000480 0000020 0018153 0.000002"
Before 1531025 0.35£0.02 64.79+0.08 0.03+0.04 0.86+0.08
Fermivin+JK04  After 1342002 0.66+0.01 63.66£0.02 -0.55+0.03 5.16+0.08
p value 0319836 0.000018™ 0.000019™ 0.000036"™ 0.000000™"
Before 2.60+0.17 0.20+0.01 64.46+0.07 0.06+0.02 1644001

Fermivin+
KMBLSTT4 After 2.97+0.05 0.38+0.01 63.81i0.0”1 -0.040.01 2.7110.0;
p value 0022425 0.000025™ 0.003922" 0001496 0000003

The values were expessed as meantSD (n=3).

Pp values were considered statistically significant using a Student’s t-test (', p<0.05;

- p<00l; e

, p<0.001).
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Table 4. Changes in volatile aromatic compounds of apple ciders fermented by Saccharomyces cerevisiae Fermivin (Fermivin), mixed culture
of S cerevisiae Fermivin and Pichia anomala JK04 (Fermivin+JK04), mixed culture of . cerevisiae Fermivin and Issafchenkia orientalis
KMBL5774 (Fermivin+tKMBL5774) before and after freeze concentration

(unit: peak area value/1,000)

- . Fermivin +
Compound names Odor description Fermivin Fenmivin * JKO4 KMBL5774 Ref.
Before After Before After Before After
Acids
Acetic acid Pungent NDY ND 4,672 18,507 ND ND 49
Octanoic acid Candy, caramelized, perfumy, fruity, peachy 13,990 4,785 1,376 ND ND ND 50
Decanoic acid Rancid, fat 6,505 1,514 723 ND ND ND 49
Alcohols
1-propanol Ripe fruit, alcohol 775 2,241 ND 2,172 ND 2,141 49

Isobutyl alcohol Oily, bitter, green

4,303 11,269 2,764 12,228 4,999 8,501 49

Isoamyl alcohol Fusel 72916 115190 38,654 93,150 66,713 84271 49
1-Hexanol Green, grass 3,923 1,764 3,336 3,488 3,394 3307 51
1-Heptanol Grape, sweet 871 ND ND ND 955 ND 51
Phenethyl alcohol Floral, rose ND ND 7,122 3,879 5,976 3524 50
2-Nonanol Slightly fruity, pungent 872 ND ND ND 713 586 52
Esters

Methyl acetate Fruity, banana, pineapple ND ND 414 610 ND ND 53
Ethyl acetate Fruity, sweet 9,730 6,779 482231 62380 13081 7957 S5l
Isobutyl acetate Fruity, sweet ND ND 1,131 1,792 504 ND 54

Isoamyl acetate Fresh, banana, sweet

Hexyl acetate Fruity, apple, pear
Ethyl butyrate Fruity, papaya, butter, sweet, apple, perfumed
Ethyl hexanoate Fruity, apple, banana
Ethyl octanoate Pineapple, peer
Ethyl decenoate Sweet, fatty, nut-like

Phenethy! acetate Floral, fruity, sweet

ND ND ND 6,093 21,054 ND 50
ND L119 489 ND 6,986 2500 55
1,305 638 ND ND 1,328 609 56
26,624 7,268 1,883 367 28208 11,697 49
56,857 34,670 3,126 1,259 54932 5691 49
34443 15513 1,279 554 25499 16352 15

4,307 ND 5,322 ND 4,472 1,888 50

UND, not detected.
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Table 5. Sensory scores of apple ciders fermented by Saccharomyces cerevisiae Fermivin (Fermivin), mixed culture of S. cerevisiae Fermivin
and Pichia anomala JK04 (Fermivin+JK04), mixed culture of S cerevisize Fermivin and Issatchenkia orientalis KMBLS5774

(FermivintKMBL5774) after freeze concentration

Sample Color Flavor Taste Sourness Overall preference
Fermivin 520£0.27" 4.67:0.21° 427:026° 4.5310,30° 4601021
Fermivin+JK04 563+021° 4.97:0.20° 4472027 4.4020.24° 4772025
Fermivin+KMBL5774 5.330.22" 470£028" 5.70£0.24" 4.37+027 5.57£023"

The values were expressed as meantSD (n=3).
Different letters within the same column indicate significant difference (p<0.05).
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