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Abstract The purpose of this study was to compare the quality of brown rice vinegar produced between
April 2022 and October 2022 using fixed and surface fermentation methods. Total acidity was higher
after fixed fermentation than surface fermentation, and this was reflected by higher lactic and acetic
acid levels. Of the 20 aroma components detected, ethyl acetate, ethyl palmitate, ethyl alcohol, acetic
acid, isovaleric acid, ethyl caprate, and ethyl caprylate levels were higher after fixed fermentation.
Similarly, of 19 amino acids detected, aspartic acid, threonine, glutamic acid, tyrosine, phenylalanine,
and arginine were present at higher concentrations after fixed fermentation. In particular,
phenylalanine, which imparts a bitter taste, was present at higher levels after fixed fermentation, while
alanine and threonine, which both impart sweetness, and histidine, which has a salty, sour taste, were
present at higher levels after surface fermentation. Finally, total polyphenol, ABTS, and DPPH levels were
higher after fixed fermentation. Sensory testing and color, sourness, aroma, and overall preferences
favored fixed fermentation. Overall, the study shows that fixed fermentation is superior to surface
fermentation in terms of total vinegar acidity, organic acid content, and antioxidant activity and sensory
evaluation results.
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AEAz) LauAol olstsa B4 vAE AT
Au|AzE Az goff dvls= 81 @viet 5 Erh Ao 28 HS FES| AA ¢ & 1PSPEET|
(FHFAE ol 8olA de IAE 35, g4 4F 71 (Fig. 1) REE £ 3ol Y=tk 8% 95 5 19 F=
= AA 8% ArIF14%)E ARSI Sx= ol 500 mLE 2 Boll ¥l 3AIRE &3 FITE dEZo|
EdE TAEYONEANA. pasteurianus)E FES] 0.2% vIRte] E wi7bA] 3AIZF THE 0 R 1584 &84
ZAMEE Y FQ AREGEAE 3%E ARESEET ItKeF 109 B= 29). 735 Tart Eud 2 59
[12]. Table 12 @[22 ol3lsty EAH 74t & A28 AASIY, 2 A|RE € B0l 2o A7 =35t
=, A 430 disiA ErAI T dFE0] 0.2% mIRto] & wj7kA] 3AIZF A0’ 15
22 SSRAIZITH13).
Table 1. Physicochemical properties of brown rice
yakju 2.3 M
Division Brown rice Yakju %“/&_EE‘ 7E1]5<ﬂ 10 mLE ‘;‘Hﬁ]{l—’—, O]Oﬂ JE:ELO:]H @lﬁll =
1 Y < 75to] 100 mLE 31, 1 20 mLE T QA]
Y ¥ kg AAOto2 Blo] 0.1 NaOH 2 55t HFslalch
Alcohol content(%) 8.01
Citric acid 10.83 Total acidity 0.006 x VxfxD %100
Malic acid 5.82 (w/v%) s
Organic . .
acid Succinic acid 0.00 0.1 N NaOH 1 mL = 0.006 g CH;COOH
Latic acid 13062.78 V: 0.1 mol/L consumption of NaOH (mL)
Acetic acid 3238.42 E:Oblﬂﬂi"ol[/l Lfiifg:r of NaOH
ABTS+(%) 99.95 S: Sample volume (mlL)
Antioxidant DPPH(%) 30.56
Total polyphenols 2.4 QI|A
(mg/100ml) 294.50 ud
Algx= HPLC (High Performance Liquid
00 uE upy Chromatography) ZZAA A9t —Ev—@.7]7]§—‘;=
Agilent 1100 series (Agilent, Palo Alto, CA, USA)E
TourE o Al H(Fi = _ B
FREEE 8L FEH(Ee. Dol A= 5.5 L& 9 HE712+= UV detector @210 nmE AREsH3oH,
J0 & jE= q5] =] P
HEE G2 § IRER ISl ARk 28T B columne Aminex HPX-87H /300x7.8 mm= A&
330, 2912 3~590] T Wd zoo] 7Y HER £

5%) 2 Lol 4F-2(40%) 100 mLE go] 3A|7F F71A
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Sto] EAsHgIt. EAxRZCE oo 0.008N
Sulfuric acidg& AMESIICoH, R4 1 mL/minolA
column9 2EF 35ColA fA8FA L, £4 A7t 25
Eog HAste] HFetart.

25 2d=2 =4

GC/ MS (Agilent 7890A gas chromatography
coupled with 5975C mass selective detector, Agilent
Co., Palo Alto, Ca, USA)Z A4 B4}t 4
A3t column Stabilwax®-DA (30 m length x0.25
mm i.d. X0.25 ym film thickness: Restek, Bellefonte,
PA, USA)E AMSaIYTE QB 2= 40°CollA] 583t
FAFE T 200°C7HA] 4°C/min%] $E& 52510 55
7t S AAFTL. Injector 2%+ 250°CE EAI51H0H,
carrier gass heliume 085l 443 2 mL/mino &
B|ABFATE MSD (Agilent 5975C) &AL capillary
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direct interface &% 250°C, ion source 2%
230°C, EI ionization voltage 70 eV, mass range
40~550 a.m.u 12]1 scan rate 2.2 scans/s%T}.

FE 60°CollAl 204 Bt wHketAA HE AlX
T 20% B9 100 m polydimethyl siloxane fiberol
235t GCol FYsHATHIL

2.6 OOl 2M

2 HASFES oAl AFEA7] (L-8900,
Hitachi Co., Tokyo, Japan)& ARSSIATE Al& 5
mLO 5% trichloroacetic acid (Junsei Chemical
Co., Ltd, Japan) 5 mLE H7IsE & YHE=AET,
12,000x g, 15 min)stict. A5 HE 3|43t ohg ozt

o 1=

(0.2 pm, Millipore Co., Cork, Ireland)3t A& £4]
stpom, BEAzRAL ARAY] WRdE oo
(Hitachi high-Technologies corporation(2014)

L-8900 Amino Acid Analyzer).

2.7 itst

DPPH #HE &2A%

Jeong Sl419] ¥l w&t 2,2-diphenyl-1-
picrylhydrazyl (DPPH) iz 474 &4 BH71619

o}, A|& 0.5mL °fl 0.2mM DPPH &9 2mLE &3ls}
I AR20A 3087 HAAIZ] F 517nmelA FEEE
EFA519 oW, A8 7 HIR7REY] S8k AlolE
ol Zo| AAlste] ME-EE e ITH4l

DPPH radical scavenging activity(%) =
(1-absorbance of sample added group /
absorbance of sample non-added group) x 100

ABTS 2HE A%

ABTS(2,2’ -azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt) % 2AASAHS
o] &3t A4Sk A& 20 woll ABTS ol
(ABTS+) 8% 980 wE 7Fsto] A2olA 6R3t A%t
T 734 nmolA FBEE F6ten, A& M7
HH7H29] S8 AJolF of#fje} 2ol Atste] HE-g
2 Ui AtH4L

=20
=0T

ABTS+ radical scavenging activity(%) =
(1-absorbance of sample added group /
absorbance of sample non-added group) x 100
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Total acidity (%)

Fig. 2. Changes in total acidity due to surface
fermentation and fixed fermentation
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]2 vhE 939] {714 citric acid 10.83+0.18
ppm, malic acid 5.824+2.60 ppm, lactic acid
13062.78+£905.65 ppm, acetic acid 3238.42+
243.69 ppmZ ZXElom 2AME B4 AT A
FHdael 1Ashrg el §7]AR citric acid, lactic
acid, acetic aicd2 ZX=|HTable 1, Table 2).
A #Edaet 1T aY] frl4bs HusiEH
citric acid®] 739 2z} 15.18+0.28 ppm, 133.11+£0.89
ppm= 1| PR A UL H(X.001), malic
acide YFolA= BPEJoH R Foll= BHHA
%2 Z1oF YERGTE Lactic acide 22 808.48+
285.07 ppm, 4176.77+336.62 ppmZ 1R}
= YebdR, acetic aicd®= EHEIE(37243.41+
157.32 ppm)Ett 13PHHE(43815+489.01 ppm)
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Table 2. Comparison of organic acids according to surface fermentation and fixed fermentation (unit: ppm)
Division Won-ju(raw makgeolli) Surface fermentation Fixed fermentation t P
Citric acid 10.83+0.18 15.18+0.28" 133.11+0.89 -216.810 <001
Malic acid 5.82+2.60 ’ND ND - -
Succinic acid 0.00 ND ND - -
Lactic acid 13062.78+905.65 808.48+285.07 4176.77+336.62 -13.226 <.001
Acetic acid 3238.42+243.69 37243.41+157.32 43815+489.01 -22.160 <.001

* Bach value is expressed as mean+SD”

* ND is not detected.

* Jis significant
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Table 3. Volatile aromatic compounds contents according to surface fermentation and fixed fermentation

(unit: ppm)
Division Surface fermentation Fixed fermentation t D

Ethyl acetate 2.34+0.04" 16.54+0.03 -459.475 <.001”

Vinyl acetate 0.33+0.03 0.07+0.01 13.720 <.001

Isobutyl acetate 0.35+0.01 0.19+0.01 14.546 <.001

Isoamyl acetate 3.89+0.03 1.86+0.04 62.482 <.001

Ethyl lactate 3.80+0.02 1.82+0.01 136.044 <.001

Ester Ethly phenyacetate 0.16%0.01 0.10£0.01 5.376 <.001

Diethyl succinate 7.07£0.02 1.61+0.04 198.637 <.001

Ethyl palmitate 0.00+0.00 0.55+0.04 -20.750 <.001

Phenethyl acetate 5.71+0.04 1.26+0.04 115.413 <.001

Total 23.68+0.11 24.04+0.16 -3.137 0357

Ethyl alcohol 0.11+0.01 8.34+0.04 -294.863 <.001

High Isoamyl alcohol 2.14+0.01 2.10+£0.03 2.401 .074

quality Isobutanol 0.19+0.01 0.20+0.01 -1.225 .288

aleohol | ppenylethyl alcohol 10.65£0.04 3.9640.05 158.500 €001

Total 13.10£0.05 14.60+0.05 -36.581 <.001

Acetic acid 51.66+0.06 53.84+0.25 -14.523 <.001

Acid Isobutyric acid 0.00+0.00 0.02+0.00 -8.000 .001?

Isovaleric acid 0.00+0.00 0.23+0.01 -26.458 <.001

Total 51.66+0.05 54.10£0.25 -16.136 <.001

Acetoin 7.89+0.04 5.32+0.02 89.027 <.001

Ere Benzaldehyde 2.1240.02 1.55+0.02 27.901 <.001

Ethyl caprate 0.00+0.00 0.25+0.02 -21.356 <.001

Ethyl caprylate 0.00+0.00 1.71£0.07 -39.192 €001

* Bach value is expressed as mean+SD”
* Yis significant, Yis significant p<.05, Yis significant p¢.01

(14.60£0.05 ppm)Hth 2 oz YRt p(001). o o8l AT Axo)A oAEF7E folFo=m ol
AF=.0] Q- acetic acid, isobutyric acid, isovaleric HEFIHpC05). 15 ¢I2FE w0l ofu|iAt
acidold @v] AR HABART £ £EC ool O8] BHE A0 B ATolNE 450 1
2 Yepgon! 3 4 I Al BUTEGLG6E005 LRLR/ ASHYNL B 1T YT FEE BUTE
ppm)ET TS E(54.104£0.25 ppm)oIA =2 4 13.10 ppm, ZGSE 14.60 ppm= EAT 2]=29
F£03 YUEIYTHpC.001). 7IEHIE Bl A| acetoin,  FVIGES 429 F4o| & JFE vA= FEo|A

benzaldehyde= @v] THYE7 1Pshdatt 2
$Z&07 YePgOoH, ethyl caprate, ethyl caprylate
= @v| 1S EVE FELaEEY B2 £F08 UE
WTH(p<.000).

7] BEZ Az EE o met O AR Z2ng
Aol SRR, Jung [1719] Akl olstd 7P &
L =229 g|dE0] BAHH esterme= GutdFog A
FolA FHR] HolME el oy BRI
782 oFF FIHROZE F/AIEY 7|Ek 7]
o7t & A0E d#A Yokl stttk 2 Ao I

YA 2 420 AEHFE B, DYSLTRA
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Table 4. Amino Acid Comparison of organic acids according to surface fermentation and fixed fermentation

(unit: ppm)
Division Surface fermentation Fixed fermentation t p
Aspartic acid 24.55+9.95" 184.93+83.62 -82.710 €.001?
Threonine 185.93+98.95 131.871+86.42 27.753 <.001
Serine 168.41+71.34 170.82+93.36 -1.241 .282
Glutamic acid 51.93+5.32 429.43+149.01 -194.684 <.001
Glycine 243.07+115.07 150.05+96.62 47.974 <.001
Alanine 725.84+257.32 475.06+£119.21 129.335 <.001
Valine 274.22495.07 217.85+66.62 29.073 <.001
Cysteine 26.45+3.15 26.88+06.16 -0.220 .837
Methionine 66.97£5.07 65.17£9.92 0.930 405
Isoleucine 195.15+62.21 142.13+34.89 27.345 <.001
Leucine 331.74+107.89 325.41+155.21 3.266 .0313)
Tyrosine 161.11+17.32 170.86+45.52 -5.027 .007?
Phenylalanine 19.28£5.19 75.48+2.10 1.961 121
g-ABA 215.94+17.32 18.06+9.23 102.053 <.001
NH; 194.82+88.17 16.44+7.33 91.996 <.001
Ornithine 412.66+219.21 73.03+19.01 175.157 <.001
Lysine 259.54+115.83 133.40+69.56 65.055 <.001
Histidine 147.31£57.93 58.93+£12.89 45.581 €.001
Arginine 1.80£0.95 160.52+28.03 -81.854 <.001
* Fach value is expressed as mean+SD"
* Dis significant, Yis significant p<.05, Yis significant p<.01
o] MAdE AoZ UepFOom(p<.001), threonine, Tl £t}

g-ABA, glycine, alanine, valine, isoleucine, NHj3,
ornithine, lysine, histidine2 THYA 7} 1A4sta
Ho} o o] AdE A= YEtH(p<.001).

Serine, Cysteine methionine, phenylalanine—o—
TSRS EHLE Zho] ol Kol gl
% e, ofoletke &5 E A Z‘A%iﬁ o
$ F07 JFRols ofulietlo] YTE W A A
2 A9 AW ATHL SN 1T AReF7} Ty
AAEAL S ofviAlo] B A9 o] ofliAt
of 17 YFLE BiEk: gAE AXA BT
Jungl7)& ofuleAto] T TheE Y7 olgsiol 4]
AR siao] ol 42 st 89 9%
u]E 4= ikl O]-Oﬂ\:]- E53] aspartic acid<

FE 78 84 F9 SR Fof 3= A% _,_&xﬂg
ool Al L7 sl ok ER S

N o I-N

z_lﬁ_ﬁmlo

g Skt 319102, glycine, alanine, valine2 4]
Z9] ghof] dF-E Boks g2 ATl Si9ith £ A
TolAs HERe 1SR WAl W 7 ofm|i
Ab gego] ztol7t QUAIRE, oAl FFo| wWE Ak X
olof wat Az9] FHE7le| FHAoR 285 4= 9]

3.5 LaWAo| ME H0jAxO| SHitsl dF

dn] dael nAsha ol st &4 Ak o
=3 ZthTable 5). & vl AFE v|we 23 &
Wk (324.43+0.47 mg/100ml)7F 183Ra (344.20
+0.26 mg/ 100rnl) _HLE} A WER=(pC 0013 Eo]

ZFAth. ABTSE EHEE(97.2140.21%)7F 24shaa
(98.46+0. 39/)&11} Eﬂ A YERA(p<.01), DPPHE=
BHEE(43.3140.32%)7F 2HPEE(59.074£0.21%)
By A HeRgth(p<.001).
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Table 5. Comparison of antioxidant ingredients of organic acids according to surface fermentation and fixed

fermentation
Division Surface fermentation Fixed fermentation t D
Total polyphenol content 324.43+0.47" 344.20£0.26 -63.214 0012
(mg/100ml)
ABTS (%) 97.21£0.21 98.46+0.39 -4.781 .009”
DPPH (%) 43.31+0.32 59.07+0.21 -70.325 <.001
* Bach value is expressed as mean+SD?
* Dis significant, Yis significant p<.01
Table 6. Sensory evaluation comparison of surface fermentation and fixed fermentation
Division Surface fermentation Fixed fermentation t p
Color preference 3.80+0.78" 3.90+£0.56 -0.325 749
Sour preference 3.50+0.85 3.70+0.67 -0.583 567
Sweetness preference 3.60+0.84 3.50£0.85 0.264 795
Scent Preference 3.20+£0.69 3.50+0.98 -0.709 487
Overall preference 3.50+0.84 3.80+0.63 -0.896 .382
* Each value is expressed as mean+SD"
A wst o] A etk nisigied, # a7 Ehb QSith ol BEAA Woel 42 HuEst
A ) 3 Belds Pol BL B0l 4T B ST BYHe 20o] FFL W] wolo, 4, 4
S 28 JHAT Uke J1E0) AT QASAL S W % OOl ThE aaSo] Tolet 4 Qlvldgoletn
Hoj3g) o AXIc}.
3.6 YA ME A0|AZ9| ZSHAL
A EaEcl TASIE Fo WSANE & 2 4. 2% H 22
= o33} ZHTable 6).
L Z = =l 1oy
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lactic acid, acetic aicd’} Z}Z EHHIE(808.48
ppm, 37243.41 ppm)ETt 1851 E(4176.77 ppm,
43815 ppm)7t B =2 ZoE Ueth IR F
205 S°lAl ethyl acetate, ethyl palmitate, ethyl
alcohol, acetic acid, isovaleric acid, ethyl caprate,
ethyl caprylate@t & 19%59] of]ieAt FoflA| aspartic
acid, threonine, glutamic acid, tyrosine, phenylalanine,
arginines ISP EA O £ L2 AEHU
£3] 918 S phenylalanines Y HOA o &
Hlgo] Yelton, alanine(ddh), histidine(RHt,

o
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