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Abstract

The objective of this study was to develop a functional vinegar beverage using yacon roots, and examine the compo-
nents' changes during fermentation. The alcohol fermentation was conducted by inoculation of Saccharomyces cerevisiae
into yacon root juice with sugars. After 10 days of fermentation at 27°C, yacon wine contained 13% alcohol and 7.8
°Brix sugar contents. The yacon wine at 5% alcohol was fermented by Acetobacter aceti(KCTC1010) with 250 rpm
agitation rate at 29°C for 12 days. The acidity of yacon vinegar reached 4.4% after 12 days' fermentation. Statistically
(p<0.05), the amount of Acetobacter aceti, pH, alcohol, with total polyphenol content of samples decreased with acidity,
whereas individual sugar contents increased. Furthermore organic acids, total sugar, phenolic acids content, total anti-
oxidant capacity, and color were not different among the five samples. The yacon vinegar beverage was prepared with
high fructose syrup through the dilution of yacon vinegar. After making the yacon vinegar beverage, the pH, acidity,
total sugar, and total microbial content were examined every week over 4 weeks' storage. There were no changes in the

samples during that time.
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gl ofshi= AFEE Al 2| A 2 AHE-317] ETHZardini 1991,
Quemener 5 1994, Romina 5 2003). =gk o Hig]o
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f714ke] A4S #J8l AME A& 0.2 pm membrane
filteroll SIHAIA ETES AAS 3 lon-chromatography
(Dionex-500, Dionex, USA)Z EA135l4th. =4 Al Elec-
tro conductivity detectorg AH8-3F1 3L column ICE-AS6
(9x250 mm)E, suppressore Anion-ICE micromembrane
suppressors AHE-SFATE 8= 0.4 mM heptafluorobutyric
acidE 1 mL/min 52 THFUSH AlF9] injection
volume-2 20 pLo]iTh.

F9E UL HHHon 245 el 2AY
Al(H74137, Kikuchi, Japan)E AHE3IAY. BF 24 L-/]
ke AHF A/EE 0.2 um membrane filter2 33k
g2 Al 20 pLE HPLCO| FY3te] ZAstdth 24
2 carbohydrate column(4 um, 4.6x250 mm, Water, Ireland)
S AMEEFH O™, tube temp. 50C, column temp. 30T,
N; gas flow 2.0 L/min®. 2 3}31 Water(A)2} Acetonitrile
B)E o542 3l Table 13 #& ZHOZ HPLC-
ELSD (PL-ELS 2100, Dionex, USA)S o]&3dla] =A3}
At

5) EE2juls ¥ Hi=4t &
Z“iﬂiﬂiﬁ Folin-Ciocalteu 'S o] 8314t A&

200 pLoll 200 pL 95% ethanol, 1 mLe] /TS 7}
% 50 uLe] 2N Folin-Ciocalteu A|2FS Ha1 22004
B3F BABEATE o] F 200 pLeo| 5% Na,CO; 45
A He AR § 1ARE RESAIA 725 nmol A
S ZA3IT}E Chlorogenic acid® &Y WHoZ
Ayt ARAS A T ABY ARE
acid®| o= ghikste] AT

T3 ok Bl E 5RZFLA #HEA] caffeic
acid®} chlorogenic acid, ferulic acid®] & HPLC-UVD
(UVD-170S, Dionex, USA)Z =43ttt Z#HLS Sym-
metry Cig(5 pm, 4.6x250 mm, Water, Ireland) 2.2 ©]F
F2 0.05% acetic acid in water(A), 0.05% acetic acid in
acetonitrile(B)Eli Table 29} 722 ZHo =2 AP o

Z{*ﬂd&gl‘-?ﬂ_lz

(
_s_,

chlorogenic

M ASE 20 pL FYIHRIL 325 nm FAol| A FA4 5
AT
Table 1. HPLC elution gradient profile for analysis of sugars
Flow rate 1.4mL/min
Time (min) 0 8 10 30 32 33
% of A" 15 15 3 3 15 15
% of B” 85 8 65 65 8 85

D Solvent A, Water
? Solvent B, Acetonitrile
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Table 2. HPLC elution gradient profile for analysis of phenolic

acids
Flow rate 1.0mL/min
Time (min) 0 40 60 80 85 86
% of A" 95 75 0 0 95 95
% of B? 5 25 100 100 5 5

Y Solvent A, 0.05% acetic acid in Water
? Solvent B, 0.05% acetic acid in Acetonitrile

6) E&HitstH
%'P&@r%‘_ Berg 5(2000)] WS Fraste] Zt A

g9 ABTS &z AAZAS =A% &, ascorbic acid
%LE"( ascorbic acid/mL)S.2 $htsle] wHsITh 2zt
F 20 uL® AAHAG A5 F=E ascorbic acid £
o] ABTS solution 980 puL Z7}ke] 37°ColA 1083t Bk
SAZ F 734 nmoll A FHES =AY TH

_[\1
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A5 A& B33 2HA|(CM-3500d, Minolta co., Ltd., Japan)
A D65-10°90| 4] =43} Hunter Lab value® FA]
FSA T

H
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g T A4 Pt Edd ofE HE AxE AE
of we} 3~119) 345} 1193 Al (High Fructose corn
syrup, Wi, =S H7bete 25EE AXSINTh =
SE2EE A% 04%, 0.8%, 1.2%%t F= 6°Brix, 8°Brix,
10°Brix2] Z3o =2 9/l9 S5 5 A|X3te ASHAE
ST,

ol
i

258+ Y75 & 983k 30T incubatoroll Al B

UFAS] G WA ABE AHS] pH, AE, BT,
9 EF5E SASAT pH, A% 9 P A%
= A %_9} e Hohﬂ_i TZ%]O]'M_L. %—ﬂ’—/r*‘: PCA
(casein 0.5%, dextrose 0.1%, yeast extract 0.25%, agar

1.5%) A WX & ALgsle] EA319 ).
6. EAX2I

B A7 A5 A 2 B4 SPSS 12.0K for Win-
dows Z2ZIHE o] &3l AR I HAAO|E Po}
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UF AHFE 109 §F FE9 W= Fig. 1049 2o
%27] 9% 23°BrixollA] EE 10¥ ¥ 7.8°Brix® 74s}t
I AIE FEE 0% 129%2 F7189Hh Kim
DH(1999)9] Aol A} o] —‘:,'4§]—3L]——EL o]g3d Az A
=5 98 25 27 24°Brix7} HEE Hud 27T
oA 4L TEE FYP5HL o _zq%_ oS /\g/\gao]:
o] oF 13.5%7HA E71ek AT} H%=3 AdFo|ith

g e 7.0 log CFUmLOIQY H4= TE 5 3
AdA FHd E 7.2 log CFUML, 695 7.3 log CFU/mL
] &2 & FAS7F 944 4.4 log CFU/MmML, 12
A 0 log CFUmMLL.E A3 thFig. 3). &4 4&
T 43Es FF AR AU FF FY Wst= o]}
Hl%t‘a %—Oli a2 6d7HA 5435 WskE Holnprt
1 olF FAHAY A2 ¥IE Btk

-

S ET 13%(vV)Sl oFF WE
o ZA4 —E}E HHX]E AHE-3HAATE 3
T LIE TEE 35%E, 64 F 02%E Tadie

w9 o= 0%7} EATKFig. 2).
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Fig. 1. Changes in alcohol and sugar contents of yacon alco-
holic beverage during fermentation.
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Fig. 2. Changes in alcohol, sugar contents of yacon vinegar
during fermentation.

3) pH, SAE o R[4 BHY
FAEE 0%((V/v)E Alﬂa}oﬂl 6U7HA 42%% FA3)
SRR 1 olF =54 FTIsl] 129 HE AEe
4.4%7F 0. FatEel whlste] pHE pH 3.2904
pH 2.17HA] ZHaskE Fol& B THFig. 3). Park KS &
(1994)9] Aol m=r =4F %‘E— X*ilﬂﬁﬁiﬂr &
g Al dE S57F wston wit ﬁ+7} S5
A BREE S7Fsk=E 7 WE 180 pmed o 6ol
A A=) gusit) ol Wi Az &g A 7] 4
58 2ste] 24t BEssle u ZE ATl 2
= 6°‘5<H77}Xl AT SV A dAsE AolH
(Kim MH & 2006) #& 2lx9] LaoXE UE £ 6
L7HA *JE 7 438 Skt ¢ae FEe Fast
b L olF FAFEAY Fadse AFHE EATHKIm
ML & 2005) HhH okl 2 o] 83 A E Al 100 rpm

o] wHkEEZE g 8YUof(Shin JS 5 2002), FAFE ©]
23 A2+ 150 rprn £o2 dhg 10ge Ha 4=
o]2gthKang SK & 2006). &3] 2% W& AT =&
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Fig. 3. Changes in pH, acidity (a), and the number of Aceto-

bater aceti (b) of yacon vinegar during fermentation.
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Table 3. Changes the individual organic acid contents of yacon vinegar during fermentation (png/mL)

Oxalic acid Tartaric acid Citric acid Malic acid Lactic acid Acetic acid Succinic acid

0 days 189.0+23.7*" 202.8426.2" 49342 8" 712.7£71.6" 287.7+31.3" 33.4+4.3° 660.6+68.4"

3 days 189.045.3" 186.7+4.9" 61.2+4.0° 615.148.8° 128.544.0° 9732.1+190.9° 218.743.9°

6 days 152.9+2.0° 91.6+0.0° 62.7+2.4° 49274114 121.443.3 31141.4+1066.1° 87.6+24.4°

9 days 151.240.7° 78.9+45.0° 64.6+1.9° 540.8+42.5" 123.746.5° 32838.5 +2086.0° 134.3+23.4°

12 days 173.0+£3.2° 161.5+35.1" 75.7+2.7° 601.2423.0° 124.743.0° 35400.7+1389.3 96.1+20.7°

F-value 8.463%* 12.139%* 33.453%* 13.550%* 75.466%* 509.824*%* 139.132%%*

" Data are expressed as the mean+SD.

*significant at p<0.05, **significant at p<0.05
ab,c,d

Sl HF Ak Fake] gl ApolE HATh E AT
NAE 250 pmE HlWA WE L5 2 wylksiy WFs}
A7) wEo| 67} wEA 24 3teko] Zrlste] A

3 AME =E3 Ao = Azt

Table 3004 Z42ke] #714t S 5%
™ acetic acid7} OIF-E& 2A|skaL Iglom
=2 malic acid7} %o] =] JATE Acetic acid®
T FAt=et vz A 6Y47MAl 438 ST
ST7HEECE A" ¥, & frIiES e 4
SHE-Eo] AN WHIER A ot} Fol|E AuHd
Citric acid= Z718F.2™ lactic acid®} succinic acid:
8kt 18] 2 malic acid®} oxalic acid, tartaric acid
a3 6Y7MA TASAHE Al STFsE 5 5
gk FolE Holx LYl o= Seo JH 5(2001)] <
ToAA 24 BE A acetic acidd] gEFo] 343 FUI%H
Zel ®l&l malic acid 5 7|4 S7FsH Poy
Aol W7t A AR} FARE Aado|th AldEE ¢

=
o
2|
o i

e L oo
o2 fo o [o

S rr

Means in each column with different superscripts are significantly different at p<0.05 by Duncan's multiple range test

Z, b, @rjd oA f7like SASES W Ax
ol malic acid, succinic acid, lactic acid®] $F=&2] =}o|
£ WHH, citric acid, oxalic acid, tartaric acid®] $FeF
2 TFol #Aglel ol Hlszsite A7 U
(Yoon HN 1999). 1&]31 ZAkFe] FFol| Wl ma
acid 2 succinic acid®] ol zolr} Qlom o]EL
F 2 Al FHE FHATE 98 o A 9
Th(Shin JS 5 2002).

S &Y

— rlo_

iy

> 5

SAZGEAR SAN AR T FEFS 3°Brix 4
S p<0.059014 F2]3Q0 H3lE HolA] &UThFig. 2).
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Fig. 4. HPLC profile of individual sugars in yacon vinegar(12days).
1 : Fructose, 2 : Glucose, 3 : Sucrose, 4 : 1-Kestose, 5 : Nystose
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Table 4. Changes in individual sugar contents of yacon vinegar during fermentation (ng/mL)

Fructose Glucose Sucrose 1-Kestose Nystose

0 days 0.0+0.0" 0.0+0.0" 0.0+0.0" 47.8421.8 66.5:12.9°

3 days 1349.7+107.0° 542.1473.4° 160.146.3 161.0+33.1 149.3434.8"

6 days 1565.6+157.4% 445.5+49.5 188.748.4° 238.1490.3 131.9422.1°

9 days 1936.6+277.2™ 470.9+50.5° 229.2+17.7° 245.5+76.1 137.45421.8°

12 days 2236.34371.6° 494.6+70.3° 223.9+18.5 160.7+113.2 116.1435.7°

F-value 44.437%% 47.916%* 172.658** 3.367 4.343%

*significant at p<0.05, **significant at p<0.05
a,b,c,d

S adoeZ A3 1-F-fructofuranosylnystose = =4 &
Ao g2 FAHY & 24E o] ofHe] B 2 A
#Z3k 4= glSlTh Fructose, glucose, sucrose®] a2 ZA|
Hog ZUlskeE FolE ESIL 1-kestose, nystose™ %
7Fslth 7t #H4st o™ 1 F fructoseo] FEFol 7MY 2
03 Z715ItH(Table 4). 712 AT w2w =z
AL 25ToAA 1593 AFsAS W 20% ©l
s Aes A EsiEa B2 gddo] St
Aoz deA QJth(Lachman 5 2003) ©]o H]S
RS w B AR 29TAAM 12¢7F LESHS
o8 A 9 3a A4S AXEA AA AZ49 frue-
tanE°] 2= HA TFFA fructose2} glucose, ©1FF
sucrose F Z2 S AFEY ol VI AR A
ZFET} Moon SY & (1997)9] Aol wEH ofE A%
o= fructose o] 7 B2 BHH U] Al AlZoll=
glucose”’} 7Fg o] FFE A1 Y22 fructose”’}
wol FrEo] Qlo] ok Ao &R/ T elvt
AATE

5) EE2|HE, st &

2438 3 T FEYEEY TS UE AR A
148.6 pgmLolAT7} HE FT&E F 89.7 pgmLE #F9
Aoz 7443 ¥, HE4F F ferulic acide 74
A kAL caffeic acid®} chlorogenic acid®] -2 &

Table 5. Changes in caffeic acid and chlorogenic acid contents

of yacon vinegar during fermentation (ug/mL)
Caffeic acid Chlorogenic acid
0 days 10.0+0.1 9.5+0.0
3 days 10.3+0.4 9.440.1
6 days 10.4+0.6 9.5+0.1
9 days 10.8+0.2 9.5+0.1
12 days 10.7+0.2 9.6+0.0
F-value 1.727 0.766

In each column(caffeic acid, chlorogenic acid) there were not sig-
nificantly different at p<0.05 by ANOVA analysis
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Means in each column with different superscripts are significantly different at p<0.05 by Duncan's multiple range test

=

7 I8 T p<0.05 FFoA fFoHQ] HElE HolA] &
ITHTable 5). ol #H=4+e] pHoll wE W3} wjFY A
© 2 A2¥th Friedman 5(2000)2] A7 23S 2 ¥
=4 F caffeic acid, chlorogenic acid, gallic acids= pH
7} 7 oles 24 W Wao] Uolh skl A
HAEA] k3L (-)-Catechin, (-)-epigalloca -techin, ferulic
acid, rutin¥} trans-cinnamic acid’} = pHoll 23] &3l
H+= #Hl=4kol 2tk vFH chlorogenic acide -2 7F5HA

w2 pHRI ARbF2eoll F7lete] 273 WA Hast
o= M8

& o

6) St
FTEEE L ABTS @7 &7 @950 ZA33)
] 2+g Al Al 148.5+10.8 pg ascorbic acid/mL YAl

A i o
2 fop

%5 % 132.548.9 pg ascorbic acid/mLZ ZrASh=
g HARE a4 A7) FA] %0 Duncan®] AR
A7 A} p<0.05FFANA HE A F FoHd Hole
UATKFig. 5). A He=2t sgE F H 9 5 3}
Wt Af gz 2A 4ol AL 7| dFE
S Baf wol @A thMuller 5 1999). 3HA|NF B

AoMe Az Ta A T FZdEe] ol 79

N
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Fig. 5. Changes in total polyphenol contents, Vitamin C equi-
valent antioxidant capacity of yacon vinegar during fer-
mentation.



Table 6. Sensory evaluation of yacon vinegar beverage

Acidity 0.4% 0.8% 1.2% Fovalue
Sugar contents 6°Brix 8°Brix 10°Brix 6°Brix 8°Brix 10°Brix 6°Brix 8°Brix 10°Brix
Sour taste 4.8+1.8M" 50423  44422°  88+29%  7.7£12%  65+24™ 10.1+12° 9.1+1.1%  8.5+1.5% 12.077**
Sweet taste 5142.5%  6.6+2.0™  88+2.7% 32419  6.942.0™ 72427  3.6+2.8" 4723  6.4+1.5%  6.346%*
Overall acceptance 7.041.8° 7.6£2.4% 85421 4.0+27 68+33" 72426 27£2.0° 55+3.0° 6.8+£3.1° 5.030%*

11 cm line scale(0: not at all, 5.5: moderate, 11: strong)

*significant at p<0.05, **significant at p<0.05
ab,c.de
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Fig. 6. Changes in color of yacon vinegar during fermentation.
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Fig. 7. Changes in pH, Acidity(a), sugar contents(b), and color(c) of yacon vinegar beverage(0.4% acidity, 10°Brix Sugar content)

during storage(30°C, 4 weeks).
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