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Abstract

In this study, we investigated the quality characteristics of medicinal vinegar prepared from the roots of Acorus
gramineus. We used barley alcohol beverage along with both Rhizopus oryzae 82-7 and Saccharomyces cerevisiae
YM33 and vinegar culture with Acefobacter pasteurianus Al11-2 under the optimal conditions for acetic acid
fermentation. We manufactured the barley alcohol beverage with 11% alcohol content for fermentation with ‘Nuruk’
and Saccharomyces cerevisiae YM33 at 25C. When fermented vinegar from Acorus gramineus roots for 10 days
at 30 with a starter, the pH and total acidity were 3.48 and 4.44%, respectively, and the alcohol in vinegar was
totally consumed. Besides, the vinegar showed total polyphenol content of 870.13 mg TAE/mL at the 15" day,
along with significant antioxidant activity. GC-MS analysis revealed that the major volatiles in vinegar were methyl
salicylate and 2-ethylhexanol, which have odors like those of mint and rose, respectively. In contrast, the ethanol,
3-methyl-1-butanol, and 2-methyl-1-propanol contents, which were high in the barley alcohol beverage, decreased
in the vinegar that was fermented by Acorus gramineus. Consequently, the vinegar fermented by Acorus gramineus

showed unique aromas and high antioxidant activity.
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Fig. 1. A flow chart of Acorus gramineus vinegar production between (A) reconstructed method from ancient literature and (B) improved

method by starters (fungi, yeast and acetic acid bacteria).
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Fig. 2. Comparison of enzyme activities, alcohol and sugar contents of barley ‘Nuruk’ and beverage cultivated by different strains.
A, enzyme activity of barley ‘Nuruk’ fermented by different mold for 3 days; B, physiochemical components of barley beverage fermented by

different yeasts for 6 days.

72-1, Aspergillus niger; 82-7, Rhizopus oryzae; Control, non-treated yeast; YM30 and YM33, Saccharomyces cerevisiae.

Any means in the same fermentation time (*) or strains (**) followed by different letters are significantly different by Duncan’s multiple range

test (p<0.05).

Table 1. Physiochemical components of alcohol beverage according to fermentation temperature and Acorus gramineus vinegar fermented

by acetic acid bacteria

Group” Period (day) pH Titratable acidity (%) Alcohol (%) °Brix
Alcohol beverage
20T 9 NA? NA 9.72+0.00¢ 8.000.00°
25T 9 NA NA 11.00+0.00° 7.80+0.00¢
30T 9 NA NA 11.20+0.00* 11.100.00*
Vinegar 30C
Control 10 4.030.00"9 0.94+0.01%° 3.10£0.14% NA
15 4.10£0.00"* 0.94+0.03%° 2.50+0.14% NA
20 4.07+£0.00" 1.05£0.01% 3.68+0.00* NA
Al1-2 10 3.48+0.00% 4.44£0.03" 0.00+0.00%* NA
15 3.54+0.00% 4.19+0.08*° 0.00+0.00% NA
20 3.62+0.00% 4.10+0.06"° 0.00+0.00% NA

UControl, non-treated; A11-2, Acorus gramineus vinegar of fermented by Acetobacter pasteurianus.

? NA, not available.

9 Any means in the same fermentation time () followed by different letters are significantly different by Duncan’s multiple range test (p<0.05).

YAny means in the same fermentation time (*®

test (p<0.05).

) or strains (*°) followed by different letters are significantly different by Duncan’s multiple range
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Fig. 3. Total polyphenol content and antioxidant activity of Acorus gramineus vinegar fermented by acetic acid bacteria.

Any means in the same fermentation time (A-B) or strains (a-d) followed by different letters are significantly different by Duncan’s multiple range

test (p<0.05).
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Table 2. Volatile components in barley beverage and Acorus gramineus vinegar

9o,

45to] Table 2 2 Fig. 40 UYEFHIcE HA
= 9J5f BHE HeEl&o] B9, 7422 ethanol

= 1 12.22%=% 7P =

Alcohol beverage according
to fermented temperature (C)

Acorus gramineus vinegar

according to fermented period (day)

Compound Odor description”

20 25 30 0 10 15
Acetic acid, ethyl ester Ethereal, fruity 3.39 341 1.99 0.60 1.26 2.43
Ethanol Sweet 10.72 12.22 11.36 2.80 0.00 0.51
2-Methyl-1-propanol Sweet 1.09 1.29 0.77 0.20 0.00 0.03
3-Methyl-1-butanol, acetate Banana 0.27 0.43 0.17 0.00 0.00 0.07
3-Methyl-1-butanol Whiskey, malt, burnt 7.73 8.72 5.75 1.62 0.39 0.28
4-Methyl-2-heptanone Unknown 0.07 0.10 0.07 0.08 0.15 0.10
I-Limonene Orange 0.09 0.29 0.21 0.46 0.40 0.21
Octanal Fat, soap, lemon, green 0.07 0.16 0.07 0.22 0.15 0.17
2-Methyl-2-octanol Spicy 0.11 0.12 0.13 0.05 0.05 0.05
Nonanal Rose-orange 0.49 1.22 0.49 1.09 0.72 0.86
2-Ethylhexanol Rose, green 2.13 1.68 2.03 1.41 1.93 1.92
Decanal Soap, orange peel, tallow 0.22 0.14 0.15 0.28 0.19 0.38
Methyl salicylate Peppermint 3.64 5.10 5.00 5.81 9.48 7.91

DOdorant referred from PubChem (http:/pubchem.ncbi.nlm.nih.gov) and Wikipedia (http://ko.wikipedia.org) database.
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7HA]*= methyl salicylate”} 5.1% =02 =4
Qo= A=A 91 Q1 acetic acid, ethyl ester”} 3.41%, B
St 32 7}A]= 2-methyl-1-propanol 1.29%, Z0|3 E= &

HEHT 1
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Fig. 4. Heatmap of volatile aroma compounds identified in barely alcohol beverage and Acorus gramineus vinegar during fermentation.

S YEMY+= 2-ethylhexanol 1.68% 5 TFFsH 37|/ dHo0]
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AHZL 0.51%= A YePF=t], acetic acid, ethyl ester
3 243%2 W ABE BN TP RS FEE
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2 791%9 &2 IS ey, 953 ZIE Y=
2-ethylhexanol®] 1.92%= u|u|5}A]qt methyl salicylate2}
A Helert =74 HEEA. Fig. 49| heatmap £42
Bofl Vel Zifois HErE AYEHA] acetic acid,
ethyl ester®} 2-ethylhexanol, mehtyl salicylate:= 57}5} 9 %]
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27155 o} 71710] T2 33t Aol LehRA sk
Aqt, Bejgo] vlgjis FEAZA g A A&,
ol5 7IdEE0l ool FxA X7 EGAE = U= A
o7 gbEch Choi(2005)°] WHEH GClolfactometry H-4]
2 E3) Az @ Aoj= F& cis, trans-farnesol, octanoic
acid, trans-2-dodecenal = §F7]AjJHo] EdE|o] 9oty H1
SRR, 2 AT GOMSE o} 83t} 2T FuAz

oA ol T2 GRS ASHA L%k

Azxe AP ERIPoA 7 3] 7] ARl e
T2 Fs7] wizol 7] 482 tdshA Hslels 2o
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ol Ao & AFRETKChen, 2013). oF&d XA 2= HEls
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TEFA QS 22 HaA 22 A AR Ho] 2%}
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944 F=AFATRENEA AR7E A72 (2020)

HEQT} 52 alpha-amylase, gluco-amylase 5 S4AE4
O] =& Rhizopus oryzae 82-1 d55 SASH HE|o]| AF
oto] Y= FEfZ ARSI, IS L aE Saccharomyces
cerevisiae YM33 -+ Hej&o] ZFoto] AT FLE
Z3loto] 25T Agste] 11% LTS TS 2= 2
& Axop). upAEte R AN EE o7k B2 K
&0 ARET == Acetobacter pasteurianus Al1-25 X
At F2E ERote] 30ToA 1097 FAEASsH pH
348, AFE 4.44%0) BAEAS 2t EAZE AT
o AERS Bee FHAZE E2 A7) w2 15
o z1o] 870.13 mg TAE/MLE 7H =2 £ i kS
JERNR1LL, DPPH radical @ ABTS' radical 27 A &
Z FX7RL Blaste] =2 A eE et Eo 3
Az = F7|AHEL B4 =4E ethanol, 3-methyl-
1-butanol, 2-methyl-1-propanol-> ZAMFE 7} Zd)E o] ulet
7445 HHH, F1EJRS: 71HA)+= methyl salicylate@} @53 £
F7|E W= 2-ethylhexanol> 27 =4 AESE I 224
o7 WRIHOE AR +53 Heles ol8sto] vh=
A 2= AL BT 55171 7 dES Zotekal QLo
TR A% AA|9] 2848 ofyz}, ofn|-§ AR EE o] 7}
& Ao 7t}

e =

ol A7 FEITH THV 127 INRIFAIY(PI013418)
o] Aol ofsf dE Aoz oo AA=HYH.

Conflict of interests

The authors declare no potential conflict of interest.

ORCID
Na-Young Gil https://orcid.org/0000-0002-6925-2498
So-Young Kim  https://orcid.org/0000-0002-9729-6869

References

Back CH, Jeong DH, Back SY, Choi JH, Park HY, Choi HS,
Jeong ST, Kim JH, Jeong YJ, Kwon JH, Yeo SH.
Quality characteristics of farm-made brown rice vinegar
via traditional static fermentation. Korean J Food
Preserv, 20, 564-572 (2013)

Baek SY, Lee YJ, Kim MD, Yi JH, Mun JY, Yeo SH.
Characterization of ethanol fermentation with wild type

yeast strains. Microbial Biotechnol Lett, 43, 227-235
(2015)

Chen T, Gui Q, Shi JJ, Zhang XY, Chen FS. Analysis of
variation of main components during aging process of
Shanxi aged vinegar. Acetic Acid Bacteria, 2, 31-38
(2013)

Cho HD, Kim JH, Lee JH, Hong SM, Yee ST, Seo KI.
Anti-fatigue effect of a cucumber vinegar beverage on
rats after high-intensity exercise. Korean J Food Sci
Technol, 49, 209-214 (2017)

Cho JW, Kim IS, Kim MK, Lee YK, Kim SD. Charac-
teristics of peach vinegar by parallel complex fermen-
tation. Korean J Postharvest Sci Technol, 7, 89-93
(2000)

Choi GY, Ko BS, Lee MY, Chae SW, Kim YH, Ryuk JA,
Baek JS, Lee HW. Comparative study of Changpo
species on antioxidant activity and HPLC pattern
analysis. Korea J Herbology, 26, 13-19 (2011)

Choi HS. Characteristic impact odorants of changpo (Acorus
calamus var. angustatus Bess) root essential oil. Food
Sci Biotechnol, 14, 450-455 (2005)

Choi YH, Choi DH, Park EH, Kim MD. Isolation of potent
amylolytic fungus Rhizopus oryzae from Nuruk.
Microbiol Biotechnol Lett, 44, 376-382 (2016)

Danner GR, Muto KW, Zieba AM, Stillman CM, Seggio
JA, Ahmad ST. Spearmint (I-carvone) oil and winter-
green (methyl salicylate) oil emulsion is an effective
immersion anesthetic of fishes. J Fish Wildlife
Management, 2, 146-155 (2011)

Gil NY, Gwon HM, Yeo SH, Kim SY. Metabolite profile
and immunomodulatory properties of bellflower root
vinegar produced using Acetobacter pasteurianus Al1-2.
Foods, 9, 1063 (2020)

Han EH, Lee TS, Noh BS, Lee DS. Quality characteristics
in mash Takju prepared by using different Nuruk during
fermentation. Korea J Food Sci Technol, 29, 555-562
(1997)

Heo BG, Park YS, Yoo YK, Han TH, Park YJ, Sin JS, Cho
JY. In vitro assay on biological characteristics of
different extracts from Acorus calamus L. var angustatus.
Flower Res J, 16, 168-173 (2008)

Hwang MY. Quality characteristics of Takju prepared by
blended starchy materials. MS Thesis, Seoul Woman’s
University, Korea, p 13-15 (2002)



Optimization of fermentation for producing vinegar from Acorus gramineus 945

Hwang MS. Hair protective effect of water extracts from
Acorus calamus leaf. MS Thesis, Catholic University of
Daegu, Korea, p 15-23 (2004)

Jung HK, Kim YJ, Park BK, Park SC, Jeong YS, Hong JH.
Antioxidative and antimicrobial activities of medicinal
plant extracts for screening phytobiotic material. J Korean
Soc Food Sci Nutr, 36, 1235-1240 (2007)

Kim HJ, Kim SW, Shin CS. Analysis of chemical compo-
sition in leaf and root of Acrorus calamus L.. Korean
J Food Sci Technol, 32, 37-41 (2000)

Kim YS, Baek DJ. The study on characteristics of dyeing
hair with Hwangtoh and iris extract. Korean Society
Environmental Analysis, 11, 83-90 (2008)

Lee EK, Kwon WY, Lee JW, Yoon JA, Chung KH, Song
BC, An JH. Quality characteristics and antioxidant
activity of vinegar supplemented added with Akebia
quinata fruit during fermentation. J Korean Soc Food
Sci Nutr, 43, 1217-1227 (2014)

Lee JA, Lee SH, Park YS. Optimization of fermentation
condition for onion vinegar using Acetobacter orientalis
MAKSS. Food Eng Prog, 403-408 (2017)

Lee YJ, Ahn YH, Seo WT. Carrot vinegar fermentation by
independent two-step fermentation process and its physio-
chemical characteristics. J Agric Life Sci, 50, 151-164
(2016)

Mohamad NE, Yeap SK, Ky H, Ho WY, Boo SY, Chua J,
Beh BK, Sharifuddin SA, Long K, Alitheen NB. Dietary
coconut water vinegar for improvement of obesity-
associated inflammation in high-fat-diet-treated mice.
Food Nutr Res, 61, 1368322 (2017)

Pang TS, Lee KJ, Ham IH, Bu YM, Kim HC, Rhee JS,
Choi HY. A study on the content changes of [-asarone
and o-asarone in Acorus gramineus according to its parts,
extraction solvent, and fermentation. Kor J Herbology,
23, 149-157 (2008)

Park EH, Choi CY, Kwon HJ, Kim MD. Literature review
on type and manufacturing methods of Korean tradi-
tional vinegar. Food Science and Industry, 49, 94-99
(2016)

Park YO. Quality characteristics of fermented vinegars using
pear. Korean J Food Preserv, 23, 778-787 (2016)
Sakanaka S, Ishihara Y. Comparison of antioxidant properties
of persimmon vinegar and some other commercial vine-
gars in radical-scavenging assays and on lipid oxidation
in tuna homogenates. Food Chem, 107, 739-744 (2008)

Yim EJ, Jo SW, Lee ES, Park HS, Ryu MS, Uhm TB, Kim
HY, Cho SH. Fermentation characteristics of mulberry
(Cudrania tricuspidata) fruit vinegar produced by acetic
acid bacteria isolated from traditional fermented foods.
Korean J Food Preserv, 22, 108-118 (2015)



