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Physicochemical and Antioxidant Properties of Commercial
Vinegars with High Acidity
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ABSTRACT Various commercial vinegars of high-strength acidity (10% or more of total acidity) were investigated
to compare their physicochemical and antioxidant properties. The total acidity of double-strength vinegars was relatively
lower than triple-strength vinegars. Irrespective of the acidity, sugar and reducing sugar content ranged from 7.00~
10.80°Bx and 1.32~3,885.90 mg%, respectively. Free sugars were mainly composed of fructose and glucose, and
were relatively high in double-strength vinegars. The content of acetic acid (a principal organic acid in vinegars)
increased with acidity, but oxalic acid was not identified in commercial high-strength acidity vinegars. Double-strength
vinegars using malt extracts were the highest in free amino acid content, showing 24 kinds of amino acids. The
content of total phenolics and flavonoids was highest in apple vinegars of double-strength acidity, which affected
the scavenging ability of DPPH and ABTS radicals. Overall, the quality of high-strength acidity vinegars was affected
by its content and production methods, and double-strength acidity vinegar using apples showed the best antioxidant

activities.
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2% A7 pH A9+ pH meter(Orion 3 star,
Thermo Electron Co., Beverly, MA, USA)E AF&3}31 1L
FAF %2 0.1 N NaOH &9 22 pH 8.357}4] 4435}
24 (p) o2 et 4 e FA g EA (Master-
M, Atago, Tokyo, Japan)& A}-&3to] S35, ST
g2 Nelson-Somogyi ¥H(14)9] o2 FFFE
(Optizen 2120UV, Mecasys, Daejeon, Korea)Z ©]-&3}
o] 520 nmellA FA43 o, xE5d 23S A glu-

cosed AFE-3FAT).
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g 9 {714 #4598l AlEE Sep-pack Cig
cartridge®l] 32171 th&, 0.45 pym membrane filter2
o]3}ste] HPLC(Agilent 1260, Agilent Technologies,
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Santa Clara, CA, USA)E #4138t} #2892 nBonda-
pak NH, SS column(3.9%X300 mm, Waters Co., Milford,
MA, USA)E AF-&319 32 80% acetonitrileS 1.0 mL/min
o] %22 RI detectordlA ®43tch. F71ke
Aminex HPX-87H(7.5%X300 mm, Bio-Rad Laboratories,
Hercules, CA, USA)E AF&3}9 5 mM sulfuric acid&
4 0.6 mL/mind ZA 22 UV detector(214 nm)ol A
B9, RE F£E522 Sigma-Aldrich Co.(St.

Louis, MO, USA) A|# o =2 AR&3k3l ).

sejotol At 2

Alge] frElobu At #4918 913] AlE 10 mLe} ethanol
30 mLE EF38ta AZoA 2447 HAe & dAE
(8,000 rpm, 15 min) st @A S A AR Y. A5 A
5% 3}al lithium citrate buffer(pH 2.2) 10 mLZ &3} 3+
3 0.45 ym membrane filter2 ¢ ¥}3}e] amino acid ana—
lyzer(L-8800, Hitachi Co., Tokyo, Japan)® #213}31t}.

2 HE ¥ & SatR0ls B3 X
=

9] mg gallic acid equivalents(GAE)Z YEI AT,
Z}H ol = ek Zhishen 5(16)3 Zou 5(17)2] WH
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cateching AFE3lon, Al59] & SR 0|t 35
mg catechin equivalents(CE)/100 mLZ YEeERH ST}
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Table 1. The major ingredients of commercial high-strength acidity vinegars

Acidity

Major ingredients

Apple concentrate 5% (apple juice 100%, 70°Bx), water, alcohol, citrate

Double-strength

Malt extract 0.2% (unhulled barley 100%, 80°Bx), water, alcohol
Liquid glucose 30% (corn 100%, 82°Bx), water, alcohol, corn powder

Saccharified brown rice concentrate 6% (brown rice 99%, 70°Bx), water, alcohol

Triple-strength

Apple concentrate 5% (apple 100%, 72°Bx), water, alcohol, citrate
Malt extract 0.2% (unhulled barley 100%, 80°Bx), water, alcohol, citrate
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DPPH % ABTS #}t]Z 2752 ofeff Ao whe} Als 37k g, Seo (219 AolA Tt o] Apol= FAE M7t
ToF ¥ AT FFE ApolE WEEE YERATH 22 itay SOl JEs B o2 BT, Jo 5(9)
Radical scavenging activity (%)=(1— Abs )><100 =A% A el spel meh g gredel spstel &
Abc AE o] A3 dAate AFE BAFAT Az F =
Abs: Absorbance of solution with sample 9 sk ke 217 7.00~10.80°Brix ¥ 1.32~3,885.90
Abc: Absorbance of solution without sample mg% HAZ FE ] AlFsFHH o g vhE 20 2] 2 A
HlW A =8 ks e A8 9 4tk nE g4
Zda 24 A AR okt &4 FEA Y °Brixe 7899 F
fFeElobr At S AQgt BE B2 33] o] vk of ¥ ©, dF 9, At T UM A E] MEES
S48tk A3 Al EAAE 918 Statistical ou(93tEZ, o] F o] &3 Tt ANue UG I
Analysis System(SAS Institute Inc., Version 8.1, Cary, X3t AES UERA &gt
NC, USA)S A&3Fe] 422 (ANOVA) % Duncan's
multiple range testell &gt o2 FAE AAHATHZ0). Selg ¥ F7|4 e Hlw
Az AxR A 959 G daTH T Ao o
2] =TI £} 2 O o R Wt o] A% F T ke ngFo] Ayl
oli= 21z9 )9} 4] Zslol| Fofeth(22). AlF IAE
pH, &4t g, 2 3 Y sl Hlw 2z fEld B4 Ay= Table 33 2} Abxo] wa
Al 3AbE A x9] pH, B4 &%, 9% 9 39T T vl A, 28] A0 Ag- F 4F0], 30 A2 A F
S S A3+ Table 29+ 2t pHY 44 2d] A2+ 2%Fo] #AHENeH, A4 Fod = 29 2 %(0.68~
2.14~2.45 B9 & HEY o 5o & xto]E YEhS 4.14%)7} 38 21 %(0.10~1.52%)°] v]&) tha =4 2l
a1, 7P e ghs vERd dnldsls s A0 75 3 AT AEFH NS AL 2v) Az AS FET TFH
A xo] 2.16~2.18 B¢ FAFS S vERUQITE. F41 fructose, glucose, maltose @ sucrose?] =& 31y
ekl 2uf A %ol A 12.10~13.41% B E, 38] 2] ZolA Aa, e Az T M B2 TS e Woldl
18.15~18.36% WA R =A Ho] 2o W o] = e 7125 A& 24 4 %+ glucose, fructose, maltose =2
WA THXKO0.05). Al52] A4k a2 AlFol 3749 2H2he] 2, IS FEFS ALE-3 4 2= glucose, maltose, fruc—
sheko] 48k aL, AME o] wE V) Fo = 2 ek tose £o 2, AnFerHAE AMEE A E2E maltose,

Table 2. Comparison of pH, total acidity, sugar content and reducing sugar content in commercial high-strength acidity vinegars

Physicochemical properties

Acidity Material o Total acidity Sugar content Reducing sugar
p (%) (°Brix) content (mg%)

Double- Apple conc. 2.45+0.01*) 12.10£0.18° 10.60+0.01° 3,885.90+70.75°
strength Malt extract 2.22+0.02° 13.230.16 7.45+0.07° 9.30+0.25°
Liquid glucose 2.32+0.01° 12.10+0.26¢ 7.00£0.01° 530.15+6.03°

Brown rice conc. 2.14£0.01° 13.41x0.21° 8.600.02° 4.80£0.18°

Triple- Apple conc. 2.16+0.01% 18.15+0.52° 10.40+0.01° 14.85+0.29°
strength Malt extract 2.18+0.00° 18.36+0.20° 10.80+0.04* 1.32+0.18°

YMean£SD (n=3).

*Nalues with different small letters within the same column are significantly different at P<0.05 based on Duncan's multiple range

test.
Table 3. Comparison of free sugar contents in commercial high-strength acidity vinegars (unit: %)
Double-strength Triple-strength

Free sugar Apple Malt Liquid Brown rice Apple Malt
concentrate extract glucose concentrate concentrate extract

Fructose 2.17£0.04*" 0.46+0.03¢ 0.06+0.01° 0.13+0.02¢ 0.89+0.01° ND?

Glucose 1.71+0.00° 0.56+0.01¢ 0.36+0.02° 0.81+0.02° 0.63+0.00° 0.10+0.00"

Sucrose 0.07+0.03* ND° ND" ND" ND" ND"

Maltose 0.19+0.05 0.17+0.07° 0.26+0.02° 2.34+0.14° ND* ND*

Total 4.14 1.19 0.68 3.28 1.52 0.10

"Mean+SD (n=3). ?Not detected.

*falues with different small letters within the same row are significantly different at P<0.05 based on Duncan's multiple range test.
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R ESS

R Az
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Table 4. Comparison of organic acids contents in commercial high-strength acidity vinegars

R 1207

3k 28] 2] %+ malic acid®} tarta-
ric acid7} W& -5 At A FssH NS o] 83
249 2 Z+= citric acidE i3t YA, o= 9AE |
of 71E TFAMN AMEe AR f —%*51015} A5 55 o 3
”“0}""7])\& Abg-gl 3u] Al x9] A9 citric acidE ©F
frota A=, o] Egh A% Axe] AR FAAHe]
/\}%34 AX3HTE. A F7)AF e 28 A &(7,199~
11,222 mg%) Bt} 38 2 %(14,444~14,877 mg%)°lA =
A el Qlar, o] Table 29 &4F A3 A3t}
A AWk o TJr°1(12) 2 Fuj A 2(25)] e F714F

Asbel 0 A, AR AzE v@d 2 §712 FEL

3L [e)
29 AgEEYS A}

_2 op
)

Qa(otaliAt 312 Hlm
AFE TAE A %0] frelobu et #4] A Table 5
S} @tk Wojely| 2 ALET 20 A2 F 24%9) frelo}

85 17~199] Frte] &l¥ 3l
HH REDE LS
wololl

w2 Ako], 2]
o}, op] =2t ghEFe
43.56 mg%= 7HF =4 2l gL
71225 AFE3E 3] 2 9~5.99 mg% HY =
7HE A §]—o JR=keehuy \EZ,: o}n]l;_/‘\_.g wWoldl 7| ~ 5 ALE
gk 2v) AT A zolA F 7FO] A vﬂo}ul‘**}’] oF
14% vl &= FRAE AL, YA Azl = F 6F°] 7~
33% HEE R1F AT HjhF o] 4k AlFE S A S
AFg-3F 2u) 2 38l 2] %ol A asparagin®} aspartic acidZ
¥3gksl 8F0] 81.39 ¥ 88.09% W|&Z 7 A &=
a1, U] Az A4 7~9F 0] 57~73%% A ST
olH] =gt FEA = WolA T A5 ALE-g 2u) A xo] A9-
y—aminobutyric acidg& E &3 8F0], UYMRA| 2 %9 H
3~5F ko] RIS g Al E T Uuo}"“ﬂi
AFE3E A 20 79 WF asparagine?] $FeFo] &4 ¥

A, NFred @ dugstsFHE 283 A argi-
nine ¥ alanine°] z}z} 7} ¥ &S YERIL Jo

ﬂ i <o

(unit: mg%)

Double-strength

Triple-strength

Organic acid Apple Malt Liquid Brown rice Apple Malt
concentrate extract glucose concentrate concentrate extract
Oxalic acid ND ND* ND* ND* ND? ND*
Citric acid 15479 ND? ND? 215+5° 612+21° 115+1°
Tartaric acid ND® ND® 1+0° ND" ND" ND°
Malic acid 194+15° 28+12¢ ND¢ ND¢ 90+1° ND¢
Succinic acid 26+3° ND® ND® ND® ND° ND°
Acetic acid 9,082+68° 7,171x136 10,147+159¢ 11,007+53¢ 13,742448" 14,762+16"
Total 9,318 7,199 10,148 11,222 14,444 14,877
A/TY 0.97 1.00 1.00 0.98 0.95 0.99

YNot detected. ?Mean+SD (n=3). YRatio of acetic acid to total organic acids.
*falues with different small letters within the same row are significantly different at P<0.05 based on Duncan's multiple range test.
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Table 5. Comparison of free amino acid content in commercial high-strength acidity vinegars

ol 5

(unit: mg%)

Double-strength

Triple-strength

Amino acids Apple Malt Liquid Brown rice Apple Malt
conc. extract glucose conc. conc. extract
Threonine 0.54 0.87 0.25 0.44 0.41 0.32
Valine 0.54 1.27 0.37 1.24 0.38 0.38
Methionine ND" 0.16 ND ND ND ND
Essential Isoleucine 0.40 0.71 0.21 0.58 0.26 0.22
amino acid Leucine 0.51 1.03 0.33 0.88 0.27 0.33
Phenylalanine 0.45 1.27 0.29 1.02 0.45 0.28
Lysine 0.29 0.45 0.17 0.18 0.22 0.20
Tryptophan ND ND ND ND ND ND
Total 3.73 5.76 1.62 4.34 1.99 1.73
Aspartic acid 4.01 4.37 ND ND 4.11 ND
Serine 0.53 1.03 0.16 0.26 0.61 0.20
Asparagine 14.30 21.24 0.76 ND 18.08 0.87
Glutamic acid ND ND 0.30 1.01 ND 0.34
Nonessential Proline ND 3.56 ND 1.90 ND ND
amino acid Glycine 0.28 0.68 0.34 0.56 0.28 0.23
Alanine 0.85 2.53 0.40 2.35 0.70 0.48
Tyrosine 0.47 0.87 0.44 1.17 0.39 0.44
Histidine 0.08 0.13 ND 0.05 0.06 0.04
Arginine 1.26 0.42 0.80 0.15 0.62 1.02
Total 21.78 34.83 3.20 7.45 24.85 3.62
Sarcosine ND 0.75 ND ND ND ND
Citrulline 0.08 ND 0.06 ND 0.19 ND
Cystine ND 0.18 ND ND ND ND
Amino acid Cystachionine ND 0.08 ND ND ND ND
derivative Homocystine 0.22 0.22 ND 0.11 0.19 ND
vaty y-Aminobutyric acid 0.59 1.03 0.30 0.67 0.58 0.32
Ethanolamine 0.20 0.43 0.17 0.38 0.23 0.17
Hydroxylysine ND 0.08 ND 0.05 ND ND
Ornithine 0.16 0.20 0.14 0.17 0.18 0.15
Total 1.25 2.97 0.67 1.38 1.37 0.64
Total amino acid 26.76 43.56 5.49 13.17 28.21 5.99
YNot detected.
(26)= AlF A2 %0l A arginine¥} histidine©], Seo 5 Z 0|z 2 & SetEL0|E gh2f Hlw
(21)& A2 20l A tyrosine ¥ alanine©] Uil X313} Z2 9 F3HES @44 =EF ] £4% % DNA
of ¥ Azsh Aol vpehia, ol ALt Wae] 4 o nE} AETY B R EAS NI TS F]
o9l A% AFREIA ER Moon 5(22)& drlHZel  GALsPsel A Flelsks Bdoleky naw v ALK2D).
#] alanine, valine, glutamic acid 52| ¥&©°] vl B Al 34te A x0] F HE B F SRR rolE s 5
spgov], ol B 4@l mAE AviAxe] dste f48 A9 A3 Fig 13 2ok F A 3% SN A
Rtk A AGEFAS AdRE F Ao A4 obv it Ne AR g 2w 2 %] 49 10.63 mg GAE/100 mLE
S 26.76~28.21 mgp = Aol WE AolE HolA Ueto] At A& F HlaF] e RS UEhddT
ggtot, Wold 7|~ AR A4 20 4 %(43.56 mg%)  (/X0.05). F FepH o= ko A= Alabg Sl o
of vlal 39 A %(5.99 mgP)ollA FHadhe AedS HoAF T, Holdy| A8 dnF gk 2v] 2% A9 3.63, 2.91
Aom, 2xe] AL 22t ohe GellA di 3 ke 2 1.29 mg GAE/100 mLE WEtdlo] vm=] 2z u] 3]
of e AF BAE olegol ANk olgel Au B wlwH ¥ FFE BAFYTHK0.05). o ge] A3 U8
H e Az F ot 7| Ag AREEE 2v) A 2= frEloh of e AL Az F odlE B T EHtRwolE SgE
vlwedbah Bepolulete] FFe] b e Ao HelE 2 AbEHog ASE AxelM viwy B He5,
la, Abmel mE A4 AFe HAT 5 gk AbshsFo 3} wofol 7] 2] A wlan A] 2 Ab7} 30
Aol wla] A S E AT T o5 At A x| F
A P F Fehwolt RYE FFE GBS Y 298
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Fig. 1. Comparison of total phenolics and total flavonoids con-
tent of commercial high-strength acidity vinegars. “*Values with
different small letters within the histogram are significantly dif-
ferent at P<0.05 based on Duncan's multiple range test.
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Fig. 2. Comparison of DPPH and ABTS radical scavenging abil-
ity of commercial high-strength acidity vinegars. “*Values with
different small letters within the histogram are significantly dif-
ferent at P<(0.05 based on Duncan's multiple range test.
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