KOREAN J. FOOD SCI. TECHNOL. Vol. 46, No. 4, pp. 418~424 (2014)

http://dx.doi.org/10.9721/KJFST.2014.46.4.418

st2}, Al

o7

- olslAl - AR

g

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

Quality Properties of Pear Vinegars with High-Acidity under
Different Fermentation Conditions

Deokjo Jo, Hye-Jin Lee, Yong-Jin Jeong', Soo-Hwan Yeo?, and Joong-Ho Kwon*

Department of Food Science and Technology, Kyungpook National University
'Department and Food Science and Technology, Keimyung University
*Fermentation and Food Processing Division, Department of Agrofood Resources, NASS, RDA

Abstract High-acidity vinegar was manufactured using pear concentrate by fed-batch fermentation without additional
nutrients, and the physicochemical properties and volatile components were investigated at different fermentation stages
(Stages 1-4) and at various initial alcohol concentrations (IAC; 6-9%). The levels of reducing sugar, free amino acids, total
phenolic content, total flavonoid content, and radical scavenging ability increased slightly during Stage 4 (high-acidity
vinegar), which was affected by alcohol feeding. The contents of approximately 20 types of volatile compounds differed
between the moderate- and high-acidity vinegar samples, as determined by solid-phase microextraction/gas chromatography-
mass spectroscopy. The level of acetic acid in high-acidity vinegar increased according to the initial alcoholic content
applied. The high-acidity vinegar produced by fed-batch culture at an IAC of 6-7% showed improved physicochemical and
volatile properties as compared to the moderate-acidity vinegar.
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M=

i 5o SEA sl FUSIHAL, TR Saccharomyces
cerevisiae Fermivin (DSM Food Specialties, Seclin, France)s, %
2k Acetobacter pomorum KJY 8 (KCTC 10173BP)S ARE-3}
grk W] wEe 10Bx® 34 % Faekr aRE Pt
30ColA 244170 E<t ATE WE T FRE ALHAT E
B A= WFNS 5% FER HAlSkT 2AES HE 30,
250 rpm Z70A 5Y FQF 2APREE 4
stk AEE gas HEoe 35Bx] Hl
597F AAgstal FHoR HF IIEE TEE 20%E BA

aME ME M=

Wl F59S 24°Bx® FAEI FRE % (W) FEE HE
ste] 30°C F2ujdr]olA] 8d &<t BR wigd & ¢=EE F
T oF 11%°] LEAL AT ¢EZE BEAL 6,7, 8 &
9% EER X (1TH]; ¢FL BEY) FZE 10% (Vv) T
=2 HFsEAl; 271 24 Had) Jar-fermentor (KF-5L,
Kobiotech. Co. Ltd., Seoul, Korea)®l* 30°C, 500 rpm, 0.5 vvm
X710 1A} ZAARE AAEATEHA; 13F 24 EE). |
b Z22F o] AT 6AIZF Tt HElgle AITE

=
wo] YRe WAL ATHIOE Whslel 24 VRS 4
Aeiie. o) W TEE AL feeding® 13} E thn] A
1 A FF 027 AHHES AFT SER HF A

7b 12%7F E m7E] FASIATHARAL 23F A BE ). 4
ZoN GEES AREA ety BEWA B 7] 42
L=

tlo P b1

SHE ¥ RElofo|tt &EF 24

A shgke AR 1mLel| 3,5-dinitrosalicylic acid (DNS) 2]
°F ImLE 7Iet] 713 & SRS 3mLE 7hste] £33 wA
(Optizen 2120UV, Mecasys Co., Ltd., Daejeon, Korea)s ©]-8-3}
o] 546 nmolA SA3IE L, HFEFA FHJol= glucoseE ARE-S)
ATHG). A EY FElol| At BAS 98] AJE 10mLe} ethanol
30mLE S8k Aol 24A17F AT & AAEE](8,000
rpm, 15 min)ale] S-S A AT F5HES F53IAL lithium
citrate loading buffer (pH 22) 10mLZ £33 & 045um
membrane filter? ©]3}5}] amino acid analyzer (L-8800, Hitachi
Co., Tokyo, Japan)Z 413} TH(10).
& b= ¥ & E2EL0|E #E EH

Alge] F HE $H=2 Folin-Ciocalteu ¥ (119l I3 750 nm
M FFEE ST BEEFTL gallic acid 802 2
SR, A5 F dls T2 100mL F9 mg gallic acid
equivalents (GAE)Z YERNSITH & ZTkHcol= SRS Zhishen
S(12)% Zou 5(13)2] Wel mwEt 510 nmollA §BE=E S5t
Atk FF=34 ZA o= cateching ARSI, A89 & =T
Riol= e mg catechin equivalents (CE)/100 mLE YER)
Art.

o

st BN 53
ANzl sl AL o,o-diphenyl-B-pycrylhydrazyl (DPPH)
(14) 2 2,2"-azino-bis-3-ethylbenozothiazoline-6-sulfonic acid (ABTS)
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Fig. 1. Comparison in reducing sugar content in pear vinegars
according to initial alcoholic content and acetic fermentation
stage (W: wine; IAAF: initial acetic acid fermented broth; 1*
AAF: 1* acetic acid fermented broth; 2" AAF: 2™ acetic acid
fermented broth). “¥Values with different small letters within the
histogram are significantly different at p<0.05 based on Duncan’s
multiple range test.

radical 2724 (15) 2.2 =431t DPPH radical 227842 Al
E ImLol 517nmollX FZ=Z 1.00:0.0222 %33 DPPH
(Sigma Chemical, St. Louis, MO, USA) &9 5mLE &¢3l2
302 3 517nmollA s =439 th. ABTS' radical 24
A =4S 98] 7mM ABTS (Sigma Chemical)9} 2.45mM
potassium persulfateS &3 % A WX|sle] ABTS' radicats: %
23] AT & 734 nmellA FEE 3EE 0.70£0.022 A3
th. AlE 02mLol 341¥ ABTS €% 4mLE 7}8le] 359
H3lE Ags] S8 ol 43Itk dilksl S AlE HrH

s mA7bre] FHE AolE WMBEE UEhielt.

SPME/GC-MS (Solid-phase microextraction/gas chromato-
graphy-mass spectroscopy)E 0|3t S|HUME 24

A5l R ZZS $J8ll 50/30 um divinylbenzene/carboxen/
polydimethyl-siloxane (DVB/CAR/PDMS)S.2 8% SPME fiber
(Supelco, Bellefonte, PA, USAYE AME-3I%] 3L, internal standard®
7% ZAk| £33 4-pentyl-2-methanol (Fluka, Madrid, Spain)2
A3} TF. Headspace vial (22.5x75mm, PTFE/silicon septum,
aluminum cap)°l A& 2mLE Y3 internal standardE 20 pL 2
& F 250°CoA 527 @ A2]E SPME fibers T3
AlE5= 70°C heating blockolA 2087F <lGE AL, TR
SPME fiberZ %3] 602 &< EAENLH, GC (Agilent GC
6890, Palo Alto, CA, USA)E 9] ¥ 225 8 28 &<
A HAT} IR EAS 9J3sle] MSD (mass selective detector)
7} $2E GCE AFEEF AL, fused silica capillary column (DB
WAX; 60 mx0.25 mmx0.25 um) 2 &F 7}2(1 mL/min)E ©]&3}
ATk Oven 2%+ 35°CollA 10%7F FAIEJL 100°C7HA &
T 5°CE 210°C7HA] & F 3CE FSAA 187 FAEA
MS systemS MS interface 250°C, ion source 230°C ¥ MS
quadrupole 150°C Z71°] 3., Wiley 7/NIST 05 Library (mass
spectral search program, version 5.0, Agilent technologies, Santa

Clara, CA, USA)Z AF&-3liTh.

SAHXzE|
A= 33 wEsle] Hayh REARE JERNSIT, Statistical
Analysis System (SAS, v8.1, SAS Inst. Inc., Cary, NC, USA)Z
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o]gsle] EAHEA(ANOVA) 2 Duncan’s multiple range testZ -

p =y
2 3RS gelsltkFig 1). A8e 399 gk A

I rEt F7HE Holtyt mpx|et @AIQl 23F 24hdt
T F43] Z718k9a(p<0.05), °l& 2%
7Ho g HriEle gFE wade] gro ogh JaFoz Al

Q83 AP gro} 23} ZAMLE FFoM HrlEE 4=E
Fo] EolE dFoz AEHAUL BEaA 2 27] ¢IE F
T wWE fElolmt ghake] W3lE Table 13+ 7). f2lof
u|i=Abe] sheke 13} ZAMEE F9t 494.04 mg/100 mLAlA 206.90
mg/100 mLZ 7433t} Horiuchi 5(16)2 Syl ofux=At o
o] 45%7F A% Ak 9% B Ao AREATT B
8k, Yulkimichi $(17)2 ZAPEE & ofu]i=ito] 2}slE o]
38-60%7F 7+A3Fal 53] glutamic acid, aspartic acid, proline®]
Aoy Al Bk 89, fElobu At ke 23) A
g T 276.14mg/100mLE T 716193, ©] 9A] feeding
alcohololl -8l ofu|icitel] ot Yoz AIRFHUL. 7] &
AEFE(6-9%)2F 22} ZAPLE N9 oAt FH(247.26-276.14

Hleh. B9, 27 2 wae] $e

o] F7lol) et S7tsitt 8% ol 4l

SIARIL(p<0.05), ol =2 7] ¢FES

mg/100 ML) AT WS HolA o) wiAx AxE 9

3} AP oA Folu Ak 2 isoleucine®], W] ESrolH]
513
=

=4F 5 aspartic acid, arginine 2 glutamic acid”

=9o 3slgko g

ST o —

Table 1. Comparison in free amino acid content (mg/100 mL) in pear vinegars according to initial alcoholic content and acetic

fermentation stage

Sample”
Free amino acid w 1% AAF 2" AAF 2" AAF 2" AAF 2" AAF
atIAC of 6% atIACof6% atIACof6% atIACof7% atIACof8%  atIAC of 9%
Essential Threonine 0.15+0.02 0.59+0.05 0.62+0.02 0.63+0.06 0.57+0.03 0.64+0.03
amino acid Valine 8.91+0.74 0.58+0.04 1.11+0.15 1.27+0.01 0.75+£0.12 1.43+0.21
Methionine 0.78+0.14 0.11+0.02 0.434£0.06 0.41+0.01 0.25+0.06 0.28+0.05
Isoleucine 24.85+1.36 3.29+0.32 2.16+0.21 5.10+£0.25 3.05+£0.24 3.73£0.17
Leucine 1.61£0.21 0.74+0.08 0.63+0.03 1.30+0.06 1.35+£0.26 1.38+0.08
Phenylalanine 5.91+£0.08 0.70+0.14 1.78+0.42 1.05+£0.04 1.02+0.01 1.01+0.10
Tryptophan 2.69+0.03 0.12+0.02 0.29+0.06 0.20+0.03 0.41+£0.04 0.47+0.05
Lysine 1.84+0.41 0.11+0.01 ND? ND 0.12+0.02 ND
Total 46.74* 6.23° 7.02% 9.96 7.52% 8.94%
Nonessential ~ Aspartic acid 163.74+3.98 148.58+5.98 185.84+5.21 133.33+4.76 153.78+5.57 132.99+4.54
aminoacid  Asparagine 17.04+0.14 1.68+0.35 1.32+0.02 5.1120.39 5.85+0.63 6.84+1.38
Glutamic acid 83.51+£1.98 12.62+0.84 42.59+1.28 47.32+1.24 45.26+1.63 45.81+1.75
Proline 28.01+0.87 2.16£0.21 3.72+0.56 3.48+0.08 4.48+0.02 6.69+0.81
Cystine 5.25+0.30 3.11+£0.33 2.69+0.17 5.15+0.54 4.05+0.04 4.31+0.39
Tyrosine 1.26+0.45 0.89+0.21 0.80+0.02 1.17+0.06 1.43+0.02 1.50+£0.12
Histidine 11.84+0.96 0.94+0.15 0.97+0.25 1.17+0.02 1.32+0.06 0.88+0.08
Arginine 89.25+1.88 11.95+0.29 8.54+0.86 11.06+0.95 11.43+1.06 12.94+0.54
Total 399.92* 181.93¢ 246.45° 207.80¢ 227.61° 211.95¢
Aminoacid  Phosphoserine 1.85+0.14 1.99+0.02 0.23+0.04 ND ND 2.68+0.06
derivative Taurine 2.50+0.17 12.07£1.73 12.73£1.54 17.23£0.52 17.05+0.08 13.67+0.98
Phosphoethanolamine 1.05+0.02 1.85+0.12 6.05+1.63 8.13+0.90 9.56+0.68 8.15+0.54
Glycine 0.69+0.04 0.64+0.06 0.68+0.45 1.05+£0.14 1.10+0.16 1.09+0.05
o-Aminobutyric acid 1.85+0.87 0.18+0.01 0.55+0.02 0.53+0.06 0.63+£0.07 0.42+0.08
B-Alanine 5.25+0.24 0.17+0.01 0.21£0.08 0.324+0.18 0.51+0.05 0.53+0.07
Homocystine 11.99£1.15 0.39+0.02 0.68+0.19 0.86+£0.27 1.77+0.71 ND
y-Aminobutyric acid 9.86£1.25 0.47+0.07 0.27+0.11 0.37+0.06 0.32+0.11 0.50+0.01
Ethanolamine 0.71+£0.43 0.05+0.00 0.21+£0.09 0.12+0.02 0.28+0.05 0.26+£0.14
Hydroxylysine 11.11+0.21 0.68+0.12 0.67+0.03 0.64+0.21 1.37+£0.20 1.94+0.08
1-Methylhistidine 0.52+0.09 0.25+0.05 0.38+0.02 0.25+0.04 0.34+0.06 0.39+0.03
Total 47.39° 18.74¢ 22.66% 29.50% 32.92° 26.92
Total 494.04° 206.90¢ 276.14° 247.26° 268.06° 250.51°

YW: wine; IAC: initial alcohol content; IAAF: initial acetic acid fermented broth; 1% AAF: 1% acetic acid fermented broth; 2" AAF: 2™ acetic

acid fermented broth.
INot detected.

**Values with different small letters within the row are significantly different at p<0.05 based on Duncan’s multiple range test.
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Fig. 2. Comparison in total phenolics and total flavonoid content
in pear vinegars according to initial alcoholic content and acetic
fermentation stage (W: wine; IAAF: initial acetic acid fermented
broth; 1% AAF: 1% acetic acid fermented broth; 2" AAF: 2™
acetic acid fermented broth). “'Values with different small letters
within the histogram are significantly different at p<0.05 based on
Duncan’s multiple range test.
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Fig. 3. Comparison in DPPH and ABTS radical scavenging
ability in pear vinegars according to initial alcoholic content and
acetic fermentation stage (W: wine; IAAF: initial acetic acid
fermented broth; 1 AAF: 1% acetic acid fermented broth; 2"
AAF: 2™ acetic acid fermented broth). “'Values with different
small letters within the histogram are significantly different at
p<0.05 based on Duncan’s multiple range test.
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AT WA E AzA 27] EFE Fro] WE HEE(data
not shown)s} ©]8}shd 54 B3 A3 7] 4IETE %
Z7004 ¥uE =2 BEaFE o)EEtE 548 vehle, o]
Z00A wagAe] w2 3R] Wats 43519 ti(Table

2). A gole] AL acetic esteri 3%, acidF 2%, alcoholT
5%, aldehydeT 15, ethyl esterF 3% 522 FAFo] AA 3
F2 1468 mg/LE FRIFST =8 WO Z ethyl alcohol
(alcoholic odor)S &3t alcoholF71 &F 86% H|&Z BIE AL,
I 9 Y g EHOZ 3= ethyl octanoate (fiuity, wine,
pear odor), isopentyl alcohol (sweet, fruity, pineapple odor),
phenethyl alcohol (sweet, floral odor) 5©] E1=T 13} 24
Wy olol AL acetic esterF 3%, acid® 3%, alcoholF 3%,
aldehyde™ 2%, ethyl ester? 15 522 FAEo] AA FFe
2,105 mg/L2 Tt F 2 FHIAROZ acetic acid (sharp,

=2 Z 388 X] A| 46 WA 4 & (2014)

3T 3+5)

acidF 9}, ethyl acetate (ethereal,

pungent, sour odor)E ET3t
2 2 36%

3]
fruity, sweet odor)& &3t acetic esteri7} 242t 42% 2
HE&E SRIEAN, 9] ethyl alcohol 5°] ERI=lo] AA] F
bR o] shake. g gubg e vls] 718k th. Acetic acide
eAabgo] Qdl AR EE EEZ AFHE YeEE I A
©]31(22), ethyl acetates= YELF A4t o 2H| 23} Hkgol
3l fA AFEE BEFEREQS) 24 A A% 2 RS
G A Ut 23} A g o] AL acetic esterF 35, acid
3%, alcoholi 4%, aldehyded 1% T2 FA= ] AA &
2 2367 mgLE 13} 24 BEAS FALE FFo)qiTh 23}
AR E pRR e AzE 13 2AREe] dukibe A%
o H]3] ethyl acetate % ethyl alcohol®] & 7Aoot
acetic acid §FFo] =713}, acidF2] H|&°] <F 88%E 2}1A|3}
Atk 12 2 2xF 22F dEadle FUbdRe] xole gllon, 2
2} ZAF gdle] A9 A3 acetic acid ] FTIE BT

e
A

fu Lo Mo (N

B o Fu

Table 2. Aroma compounds (unit: mg/L) according to the fermentation stage of the broth adjusted to initial alcoholic content at 6% in

the production of the high-acidity pear vinegar

Sample”
RT Component W 1" AAF 2" AAF 2" AAF 2" AAF 2" AAF
atIACof6% atlACof6% atlIACof6% atlIACof7% atIACof8% atIAC of 9%
Acetic esters
13.07  Ethyl acetate 10+0¢ 670£16 77+0° 54+0° 8+0¢ ND?
22.81 Methyl isobutyl carbinyl acetate ND ND 1+0 ND ND 1+0
23.50 Isoamyl acetate 11£2 29+1 ND ND 2+0 4+0
50.12  Phenethyl acetate 10+0 55+1 540 9+0 17+1 42+0
Acids
35.85  Acetic acid 13+2° 78124 2002+57¢ 2001+12¢ 2045+6° 215667
44.52  Isovaleric acid ND 743 15+1 33+0 27+0 ND
58.05  Octanoic acid 3340 92+0 57+0 99+1 69+1 48+1
Alcohols
15.50  Ethyl alcohol 1197+201° 230+7° 5243 73+3% 12+0° ND¢
22.51 Isobutyl alcohol 240 ND ND ND ND ND
26.89  Isopentyl alcohol 34+0 30+0 7+0 6+0 6+0 14+0
39.77  2,3-Butandiol 1£0 ND 8+0 12+0 110 ND
53.46  Phenethyl alcohol 3142 71+0 40+0 21+0 28+1 12+1
Aldehyde
6.33  Acetaldehyde 8+3 3542 30+2 4544 39+1 40+1
39.46 Benzaldehyde ND 1440 ND ND ND 36+0
Ethyl esters
27.89  Ethyl hexanoate 3+0 ND ND ND ND ND
35.56  Ethyl octanoate 4843 ND ND ND ND ND
43.28  Ethyl decanoate 28+0 ND ND ND ND ND
49.57  Ethyl palmitate ND 5+0 ND ND 26+5 26+6
51.07 Ethyl stearate ND ND ND ND ND 20+1
Others
26.73  Limonene 26+12 66£16 56+10 44+1 56+3 72+8
30.10  Acetoin ND ND 6+0 10+0 7+0 150
51.91 Hexyl isobutyrate 240 8+0 5+0 8+0 16+2 21+0
52.72  Isobutyl isobutyrate 340 5+0 ND 2+0 7+0 12+0
Total 1,460° 2,098° 2,361° 2,417* 2,376 2,521°

YW: wine; IAC: initial alcohol content; IAAF: initial acetic acid fermented broth; 1% AAF: 1* acetic acid fermented broth; 2" AAF: 2™ acetic

acid fermented broth.
INot detected.

**Values with different small letters within the row are significantly different at p<0.05 based on Duncan’s multiple range test.
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