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Physicochemical Properties, Minor Components
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Abstract

Four kinds of commercial vinegars were investigated to compare physicochemical properties (pH, acidity,
color, tannin and metal content), minor components (free sugar, free amino and organic acid), and their or-
ganoleptic tastes. The ratio of nonvolatile organic acid to the total organic acid was decreased in the order of
brewed, cider, brown rice, and persimmon vinegar. Especially malic acid content was appeared to be highly
remarkable in cider vinegar. Glucose and fructose were the predominant components among free sugars re-
gardless of the kinds of vinegar. Free amino acid contents in cider, brown rice and persimmon vinegars have
shown a little deviation among the same kind of vinegar samples, but were obviously more abundant than
those in brewed vinegars. Color preference, sourness and sweetness of the vinegars were not statistically dif-
ferent (p>0.05) among four kinds of vinegars, whereas overall taste preference, background taste preference
and intensity showed significant differences (p<0.05) with respect to the type of vinegar. Brewed and cider
vinegars have revealed higher sensory scores in overall and background taste preference than the persimmon
and brown rice vinegars. Even though there were no high relationships between minor components and or-
ganoleptic taste in commercial vinegars the ratio of acetic acid to the total organic acid was significantly cor-

related (p<0.01) with the overall taste preference.
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HAl2E 19963 99s) AZH Aoz Wz Y 5
Aol Bl T Qe 5
o ARZ AL 71409 A 2ol AHE
H ZFAF F oxalic acid, tartaric acid®} glucoset:-
Hayashi (Japan)2] extra pure gradeS A}-8-3}93 3. Loy
Al EEA L Sigma AMEL ARSI ofbvlxat
A4 23 5422 amino acid standard (sodium
analysis : protein hydrolysate, P/N 012506H, Pickering
Laboratories, USA)YE AH4-3}ict.
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pH+= pH meter (TOA model HM-35V)E A}1-&-3}o]
Ex3lel o, Al== A8 0.25 mLE #8}e] phenol-
phthalein-& x| A]2f2 & 7}8}3 0.1 N NaOH £ o &
F3A4se] 2 A A LS HHEL shsich

A5 = A A2}A (Color and color differencemeter,
Tokyo Denshoku model C-5120, Japan)&- ©]-£-3}o] &
el 27 WLt xR bE FAsilon,
Hunter-Scofield 2] (A&Jm}% Al-4-5}o]
F4(1=99.94, a=-0.01, b=+0.05)0) &+ Y3} 35}
ot

gL ] cm cuvettes] 3mLe] A 8E 27 0.008
M K;Fe(CN), 200 uL2} 0.1 M FeCli-0.1 M HCl &4
200 pLE H7hek ¥ A &3] 5 Fofl 700 nmoi| 4] €]
FHES S Y SFReE AL deg
Zx5t0] BAZFS ¥ A STk,

F34-2 atomic adsorption spectrophotometer (GBC
908 AA, Australia)g o]8-3lod A gujel A3} &
#43l5ie).

R4+ 24
Al %% 10 mL methanol 2 8433} A7) sep-pak C18
(Waters, USA)ol| S£3}A]# # g 2mLE vizg|z wbe
&5 membrane filter (Millex GV 0.22 m, Waters)& of
S ok mEAAZZAE TGS o8 §
7IAk EAS AAEd) AHEE 7]7]5= HPLC (ACS
3350/04, Applied Chromatography Systems, UK), co-
lumn-& Aminex HPX-87H ion exclusion column (7.8 x
300 mm serial No. 254749, Biorad), column oven 2%
40°C, mobile phases= 0.1 N H,SO, (1socratlc) ﬂow
rate= 0.6 mL/min®] Z7o& BAMalgch HAZ
UV detector (SLC-200, Samsung, Korea)ys 0]%—%]-04
210 nmollA] A A)slgdr). o] BAZALF oxalic, ci-
tric, tartaric, malic, succinic, lactic, acetic acid ¥ 5+Z-&
Zyzb 47} R BAIES 7Aekzag A EY
2 e rE B 0.99 o) Abe] i)

o
AT

1 A

A 8E 7 A4 22 2707 2 x| sl
HPLC (ACS 3350/04)2 2Xslgct. Columng car-
bohydrate analysis-8- column (3.9 300 mm, part No.
84038, Waters)2 Al-8-3}93.2.1, column oven 5=
45°C, mobile phase+= 80% acetonitrile (isocratic), flow
rate= 2.0 mL/min®] %71 ¢ 2 RI detector (Shodex RI-
71, Showa Denko K.K., USA)l| 4] 71&3}gic}. o] &
AZ71 22 fructose, glucose, sucrose, maltose X33
& 747 7R Rl Aslel WEAle AAds
G 2ue] P 25 0.99 o)ibo)edct

ofo|cat M

ABE i B Ao 22 27007 Axe] st
DR Bl el ARE 1087
W] %k % HPLC (Pickering Laboratories)el] F4]5}o]
olu|pALS BAIS} et Columng sodium cation ex-
chage column (Pickering Laboratories), -8+ sodium
eluent A Na3159} sodium eluent B Na740 (Pickering
Laboratoriesy& AH&-3to] 8E7}x]= A &uful, 2487}
A= A9} BE linear gradient®, 248 o]%& 427} B
L7l 322 319l 0 Srd = 0.44 mL/ming)
7102 EAErh HPLCAA ¥2il o xAls
£ post-column reaction module (PCX-3100, Pickering
Laboratories)ell A ninhydrin¥} Y¥}-$-4]7] ¥ UV de-
tector (UVIS-205, Linear Instruments, USAYS o]-8-3}
o§ 570 nmol| A} 7 &3}, zhz}t 2.75 g/100 g@] e}
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oieh 1670 Al 85 23] ub HrsiA| shelct. ghilel
NS) A 83 AAse) AR Z 23] w3 7k}
A #He A3l d EEAYY (randomized com-
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EAx9] EAXe]l: SAS program'®g ]3]
AA)skdek. olshetal BALsH RSl AR
= Pearson's correlationg 385l 51, Al 87| Ao
HAFE FAEA & AAste] Ate)zt gl ¢ Fish-
er®] & A-f-2)2l(least significant difference)’] Aol 3|
3} pairwise W] ZE A A &ATH

g 9 s
AlZ 2 oj5stE 4
A @Az pH, Ab%, A%, tamnin ¥ FF4 §F
£ Table 13} 2t} pHi= 2.39~3.739] W92 2+ &
Fo| Alzete AzAlvic) o} xfelrh glgiem of
[

A2 7FA & P18 A3k T 3.70~-3.730.2 & 3tS
viebl et

Table 1. Physico-chemical characteristics of the commercial vinegars

) )
Sample oH Acidity Chromaticity Tannin Metal (ppm)

a b AE (ppm) Copper Iron

B-1 2.39 5.45 85.33 -0.47 10.97 18.25 1.0 0.01 2.96

Brewed B-2 243 5.46 85.69 -0.40 9.88 17.32 1.3 0.01 241

vinegar” B-3 256 5.70 87.09 -0.14 5.93 14.13 1.9 0.02 0.33

B-4 2.60 5.44 86.04 -0.67 10.29 17.28 1.8 0.02 0.14

A-1 27 5.32 84.52 -1.00 14.45 21.12 26.0 0.06 1.52

Cider vinegar A-2 2.73 5.32 83.98 -0.79 13.82 21.09 59 0.06 1.33

A-3 2.70 6.11 85.14 -1.60 13.98 20.39 65.1 0.01 0.26

A4 254 5.56 85.03 -1.65 15.06 21.22 3.9 0.01 1.20

R-1 2.86 3.65 87.10 -0.57 6.46 14.36 2.5 tr 1.08

Brown rice R-2 2.74 4.46 87.19 -0.58 7.16 14.61 6.2 0.01 1.93

vinegar R-3 255 6.12 85.08 -0.81 12.46 19.38 39 0.01 0.25

R-4 3.24 3.99 66.17 5.54 31.54 46.51 7.6 0.01 1.59

P-1 2.59 391 82.01 -1.07 19.61 26.56 170.8 0.19 0.16

Persimmon P-2 3.73 2.42 45.50 6.90 19.07 58.08 1216.0 0.01 3.66

vinegar P-3 3.72 1.46 77.06 1.38 17.04 28.53 398.3 0.08 1.69

YBrewed vinegar is the brand name used by some vinegar manufacturers to inform the consumers that the vinegar is totally dif-

ferent from the artificial vinegar.

“Chromaticity is based on the opponent-colors scale. L is ranged from 0 (black) to 100 (white), a is from +a (red) to -a (green)

and b is from +b (yellow) to -b (blue).



666 A F)etE ] A 294 A 45 (1997)

AL e A8 F5d dat & 3] § By gz
2 544~570%, AT 2E 5.32-6.11%2 ¥]23
Zrolgl ot delAlx e 3.65~6.12%2 A ZA | ot}
Ao Ajol7} gl om zhAlx o] 9= 1.46~3.91
%2 Aub A Zoll v]s) FAF 3heFo] Wl s B
9] AgAlz2F Alabr] el FAHE #RA 4.43%, FH o
6.20%, HF 5.05%2 ¥ 15 orit® wgl Zupalx
4.59%, B2 4.60%, EEAZ 528% 5 ] Al
Alzoll uls) F4F ghefo] AR Y& Hog 9
325 e},

Age] M w3t A2l wpe} 2ol & He|x )
oo Ao A s} dubalzel w3 Lyko] ¥
I a, b3 ¥ AL Jehisith SR vl
F 3l ABE ko gw A2 9L o 4 glE R-
4% AT F)AlZ R-1, R-2, R39} A% 458
19.20~25.18%2 A 2 H]5=3F gH2 B2 o] vl
ARA 2 24.30~25.182 thh B4, 7FAlze] AL
£ 30.09~63.228 3A 3] A Jdepton o] f¢
A 7o dgel Aoz Algde)

ehd-& Al £, 7} Soll o] £ = AR
o2 3 AAe Fe Absls 218 Ao} &
Aoz WG, ofxAlzsl dAnAlzxE 1.0~7.6
ppm o 2 B whd §reko] & Ho|gl oy AlFA
Z9] ehdgheke Alzatel| upe} & Ao)E BT FF
Alz0] 7%= 170.8~1216.0 ppm o2 ) H & ehy
ghego) A rehyde}.
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Table 2. Contents of organic acid in commercial vinegars

o g AxZEF w-Z Aol ehiA] gk}

7700

A @A 28] §-7)AS 2 = oxalic, citric, tartaric, mal-
ic, succinic, lactic, acetic acid7} &= gl o] ¥4 4
= Table 29} 7Zbch. A& 2] kxald = 2ALFS] 2
402 YAE = ZARS A2 FA Rl WA R
2] zAe] "ok A {14k TR ARl 9ot
ki zpolE gloi} oxalic acidy= A|E Zubel] 74
W& A2 714593 malic acide FRAZ, ¥v)A]
%, 7P %ol 0.08% olskal Aol nlsho] AbhAlze
A 0.08~029%% FoAA & FAFL v
ol Al ApAlo| &A= H714 F malic acidz}
97%3) A2 b0l ¥R Aol o]
= 7o g AztEc) §FH lactic acide k22 %, AFs}
Az, oA oA 0.2% o3}, 734 Zel4 0.02~1.07
%2 Vel H, AR Sol Byt oAl e}
A Z oA lactic acid9] §ako] ¥ APAZE, I
Az, FHA R, FulalzolA] 3.6-200 mgh HE =
Aghch gk A kel 2oz} gle}. Citric, tartaric 22
31 succinic acidy 2E AlZd|A AEE ] U Al
AlZol| A citric acide 22| Zdut 2Tt d =
@eo] ¥ yol= o} AAE el

A f7)4kell thE} acetic acid®] B]-8-(A/T)S A}
AlZ 0.91~0.97, &v]Alx 0.87~0.998 ofxAlx 097~
1.00e]] ®]5ted vhax k& Holgdrh. 742 28] A4 P2,
P-3, P-4 A/T7} 0.41-0.752 ZAF 0]9]9] §7]4ko]

Organic acid (%)

Sample
Oxalic Citric Tartaric Malic  Succinic  Lactic Acetic Total AT
B-1 tr 0.11 0.01 0.03 0.07 tr 6.70 6.92 0.97
Brewed B-2 tr 0.06 0.01 0.03 0.06 tr 5.61 5.76 0.97
vinegar B-3 ir tr tr 0.02 tr tr 5.77 5.79 1.00
B4 tr 0.01 tr 0.02 0.01 0.01 5.01 5.05 0.99
A-1 ir tr 0.11 0.21 0.07 0.02 6.28 6.69 0.94
Cider A-2 0.0016 0.05 0.10 0.29 0.07 tr 5.44 5.95 0.91
vinegar A-3 0.0010 0.02 tr 0.08 0.02 0.08 6.77 6.97 0.97
A4 0.0013 0.01 tr 0.10 0.04 0.10 6.80 7.05 0.96
R-1 tr tr 0.07 tr 0.07 0.02 3.71 3.87 0.96
Brown rice R-2 tr 0.02 0.15 0.05 0.10 tr 4.39 4.70 0.93
vinegar R-3 tr tr tr 0.03 0.01 tr 6.41 6.46 0.99
R-4 0.0035 0.04 0.09 0.08 015 0.20 3.77 4.34 0.87
P-1 tr 0.06 tr tr tr 0.02 393 4.00 0.98
Persimmon  P-2 tr tr 0.05 tr 0.13 0.89 213 3.20 0.67
vinegar P-3 0.0060 0.10 0.03 0.03 0.19 1.07 0.99 2.42 0.41
P-4 0.0037 0.05 0.04 0.03 0.10 0.54 2.30 3.06 0.75

YRatio of acetic acid compared to total organic acids.
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Table 3. Contents of free sugar in commercial vinegars
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AT EE] 3] obvl At FFE Table 49} 2k,
olE olm|:AtL U gollA NSt EH2 B
o Slshel Az Fol ofuliAbe 24 W T 2AT
o] op]xAbS A}3}Ele ofnlieAle] 38~60%7) 7
agky Egles HiE®
partic acid, proline, alanine®] 7}4>} =iy slgct.
R 4od|H Bz npe) o] A2 F felolv| Al
geko] 1.14~4.20 mg%E v A A ehtom Al
M E2E 17.87~29.64 mg%h=E. 1 5 aspartic acid}
serine®] §Fao] ok T A% Alhajxe] ofol At
ZA] % histidine3} arginineo] Y53] &ty B w13
EOShE AJolq A3k Molr} AT eIAE as
partic acid, alanine, glutamic acid, serinec] @t} ¥
RS B wel= dX|gh).

P22 E3] glutamic acid, alanine, valine, iso-
leucine, leucine, arginine 5-2] §gfo] Fo} FAlxo
FTEHoE L oAk
leucine, arginine §°|3. t©}E proline, glycine, iso-
leucine, histidine o]z} g ] ¥ e} w]s=3k
Ate velhdieh. WAz 3 feloblal ¢
2 5.36~575.6 mg%h2 AlFEvlt} zlo|r} & o)
T 9458 5, AN Xo|, AxzA, I3k
A, FALEL] 271 F 71e 29l o Ao A}
#2xc}.

A2 P2, P3, P4 3 felobrlnal guke
110.1~221.1 mg%& ¥] A F9 2} P-1-2 0.84 mg%
2 oA %o 420 v1217] Basc.

o= glutamic acid, as-

glutamic acid, alanine,

Sugar (%)
Sample

Fructose Glucose Sucrose Maltose Total
B-1 0.57 0.56 tr tr 1.13
Brewed B-2 0.48 0.57 tr tr 1.05
vinegar B-3 0.12 0.35 tr 0.28 0.76
B-4 0.06 0.74 tr 0.30 1.10
A-1 1.44 1.44 tr tr 2.88
Cider A-2 1.49 0.61 tr tr 2.10
vinegar A-3 1.54 1.21 0.05 tr 2.80
A4 2.18 1.20 tr 0.05 3.38
R-1 0.05 0.73 tr tr 0.79
Brown rice R-2 tr 0.16 tr tr 0.16
vinegar R-3 0.07 1.91 tr 0.32 2.29
R-4 0.10 1.08 tr 0.27 1.44
P-1 0.11 0.19 tr tr 0.30
Persimmon P-2 0.18 1.33 tr tr 1.51
vinegar P-3 0.07 0.93 tr tr 1.00
P-4 0.19 1.52 tr tr 1.71
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Table 4. Contents of amino acid in commercial vinegars (mg/100 g)

Brewed vinegar Cider vinegar

Brown rice vinegar Persimmon vinegar

Amino
acids g1 B2 B3 B4 Al A2 A3 A4 R1 R2 R3 R4 Pl P2 P3 P4
Asp 014 023 1.04 053 444 340 7.64 1142 057 246 0.73 4010 0.08 459 101 098

Thr  0.03 020 tr 015 092 115 tr tr 224 147 018 2296 0.1 1534 542 1245

Ser 002 015 033 034 1067 720 755 788 130 1.61 033 3632 0.05 1571 4.88 1046

Glu 009 040 069 027 178 0.75 072 161 105 293 034 6068 009 17.68 3.06 7.21

Gly 003 015 014 016 010 060 014 034 286 137 017 3706 tr 1372 726 10.27

Ala 009 057 029 027 08 216 061 162 855 418 059 7736 tr 3496 1117 2457

Cys tr tr tr tr tr tr tr tr 0.85 tr tr tr tr fr tr tr

val 0.09 031 012 020 158 139 0.16 078 413 226 055 5556 0.07 2066 892 1649

Met tr tr tr tr 031 0.13 tr ir 1.30 0.58 tr 1146 tr 4.75 tr 2.17

Ile 005 028 0.06 010 173 102 009 053 414 201 062 3904 0.05 12.68 51.07 9.92

Leu 007 059 018 026 238 145 017 076 713 423 236 5825 0.07 2713 752 16.11

Tyr 012 0.11 tr tr 1.50  1.21 tr 055 203 221 024 3887 tr 1260 0.1 513

Phe 0.14 026 tr 0.08 1.65 1.16 tr 036 457 276 054 2782 tr 1555 394 8.69

Lys 009 046 029 0.09 077 112 021 038 268 304 018 1313 o 1986 5.64 1375

His 002 0.09 tr tr 0.64 044 tr 0.20 057 1.10 tr 1645 0.02 5.88 tr 1.25

Trp tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr tr

Arg 0.17 041 072 051 031 070 058 038 183 475 076 4051 031 tr tr 0.89
Total 1.14 420 3.86 295 29.64 23.88 17.87 26.83 45.81 3696 536 5756 0.84 221.1 110.1 1403
BsZA Fhulaa & 302 vebdrt.

Alga] o] B34 A Table 59 ek, okx, Al 20| AL At frlAF e A
Atg, #n), Al ze] A7|E e, AR, Wul7t e A B4 A3 Table 634 2} A1z 29 f7)4L,
QoA A} gledem SRR AR 71 @, ofuleabEe] gere slaels] We] EHAL
S RS e BRe) A% 5% FA5EA 2 uehie BENAske AawAE ¢ + ¢
A, A7 3w 739 1% el FEolA freld 2 ek et frlake] A 1% felaEelAl sha A

g woleh leket FEE G2 ol9)8] bt @
o), 2zl A Hrhsglont Aleh S ERe
AviAzs) a7} B WobEsch A fl
R MR EE R AL LD ESE C R

715 5.9} lactic acid= 52 AAAE, acetic aci
oke] AFAAE epuiddo) gt A §7)Akel o
gF acetic acid®] ¥]& G4 b A7) F e} folddhut

g ool ARWAL Yepd AT vlFo] 2R

Table 5. Two-way analysis of variance and LSD test for sensory evaluation score of commercial vinegars

- Brewed Cider Brown rice Persimmon
Sensory characteristics - : - .

vinegar vinegar vinegar vinegar

Color mean 3575 3.765 3.230 2.605
preference F-value 3470

Sour mean 3.368 3.428 3.335 3.100
intensity F-value 2.24"

Sweet mean 2.920 3.032 3.020 2.865
intensity F-value 1.29%

Background taste mean” 2.935" 3.675° 3.653° 2.935°
intensity F-value 5.46*

Background taste mean 3.225° 3.220° 2.675" 2.807*
preference F-value 4.05*

Overall taste mean 3.400° 3.280° 2.798" 2.548"
preference F-value 6.63**

"ns: Not significant statistically.
*: Significant statistically at p<0.05.
**: Significant statistically at p<0.01.

Means with the same letter are not significantly different at p < 0.05 by LSD test.
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Table 6. Pearson correlation coefficients between organic acid content and sensory evaluation score of commercial

vinegars
Sensory Oxalic Citric Tartaric Malic Succinic Lactic Acetic AT
characteristics acid acid acid acid acid acid acid
Sour -0.2486 -0.5592 0.0527 0.4296 0.0902 -0.4956 0.4040 0.4961
intensity ns? * ns ns ns ns ns ns
Sweet 0.3996 -0.0582 0.2058 0.2699 0.1109 -0.2568 0.1593 0.1191
intensity ns ns ns ns ns ns ns ns
Background taste 0.5264 -0.0103 0.4846 -0.4889 0.1655 0.5885 -0.4875 -0.6222
intensity * ns ns ns ns * ns *
Background taste -0.2121 -0.1799 -0.4181 0.1472 0.2750 -0.2557 0.4359 0.2815
preference ns ns ns ns ns ns ns ns
Overall taste -0.4811 -0.2616 -0.3407 0.3758 0.2191 -0.6304 0.6997 0.6293
preference ns ns ns ns ns *x > *x
,;Ratio of acetic acid compared to total organic acids.
“ns: Not significant statistically.
*: Significant statistically at p<0.05.
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