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Abstract

The ripe fruits of Maclura tricuspidata (formerly Cudrania tricuspidata) are bright red in color and are edible
with a floral aroma and sweet taste. They have traditionally been used to prepare fresh juice, jam, wine, vinegar
and alcoholic beverages in Korea. This study was carried out to characterize the volatile aroma components of
wine and vinegar prepared from M. tricuspidata fruit by yeast (Fermivin) and Acetobacter pasterianus YJ17. Its
volatile aroma components were also compared with those of six commercial vinegars (three domestic vinegars
and three foreign balsamic vinegar products). Volatile compounds were separated by solid-phase extraction (SPE)
using Amberlite XAD-2 as a sorbent. Fifty-seven compounds, including 15 alcohols, 15 esters, 12 aldehydes and
ketones, 7 acids and 8 miscellaneous compounds were identified by gas chromatography (GC) and gas
chromatography-mass spectrometry (GC-MS) analyses in the seven vinegars and the M. tricuspidata wine sample.
The newly prepared M. tricuspidata fruit vinegar (MTFV) contained 47 of them. Among all the identified compounds,
ethyl hydrogen succinate, phenylacetic acid, p-hydroxybenzyl alcohol, p-hydroxybenzaldehyde, p-hydroxyphenylacetic
acid, tyrosol (p-hydroxyphenylethyl alcohol), dihydroactinidiolide, 3-hydroxy-p-ionone and tryptophol were only
detected in the MTFV. p-Hydroxybenzyl alcohol, p-hydroxybenzaldehyde, p-hydroxyphenylacetic acid and tyrosol
have been reported to have various biological activities. Therefore, their exclusive presence in the MTFV may
contribute to its health benefits.

Key words : Maclura tricuspidata fruit, Acetobacter pasterianus YJ17, fermentation, vinegar, volatile compounds
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A daspgol s nAE thatel o8 Frlz AR
F713F, B, oblmibg, T, HiE I 22
i olelo = thekdt g EAEC] daH de
Aoz ddA dth(Valero 5, 2005; Kim %5, 2009; Park
S, 2015). WEbA] A2 T ded AF 2 EEA
S5 oy A7 F o2/ &8&d o] s
& FAlo|tHChen 5, 2016; Ali 5, 2017). £3] 2] 2&
iks}, g, Nk G, st #H] £31, 9 23],
o
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SPE% &2HA9l LiChroolut EN cartridge(200 mg)<
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XAD-2(20 - 60 mesh) 5~ = Sulpelco Corp.(Bellefonte, PA,
USAYE T3t Tha Al ALl A AA S Wil whe} A8
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Table 1. Vinegar sample used in this study

87

Sample Abbreviation Origin Acidity (%)
Maclua tricuspidata fruit wine (alcohol 13%) MTFW Korea D
Maclua tricuspidata fruit vinegar MTFV Korea 7.4
Brewing vinegar BV Korea 6-7
Brown rice vinegar-A BRV-A Korea 6-8
Brown rice vinegar-B BRV-B Korea 6-8
Aceto Balsmico Modena ABM Italy 6
Organic Aceto Balsamico de Modena OBM Italy 6
Ontarria Chadonnay wine vinegar (06)% Italy

Ynot measured.

B B (Saccharomyces cerevisiae)?! Fermivin(DSM Food
Specialties, Ma Delft, Netherlands)S 7<) 8Fo] AF&-8}ATh
3] AR =4S 93 FFELS Sigma-Aldrich Co., Ltd.
== Wako Pure Chemical Industries, Ltd.(Osaka, Japan)©l]
A Fhete] ARSI

243319t} Primer+= Universal PCR primer?] 27F(5-AGA
GTTTGATCCTGGCTCAG-3")%} 1492R(5-GGTTACCTTG
TTACGACTT-3")Z A}8-3}%] a1, PCR(Takara, Korea Bio-
medical Inc., Seoul, Korea)< initial denaturation 5%, ~12] il
94 Coll Al 4527t denaturation, 55C |4 60Z%%} annealing
2 727 Coll A 60%7t extension cycles 353] 48319t}
PCR AHE2] A71AME -2 @A =4 (Jeonju, Jeonbuk, Korea)
o oJFlste] A7IME S A8 TE Phylogenetic tree 2}
& DNASTAR Lasergene software (Seqman Pro, Ver
8.1.5)(DNASTAR, Medison, WI, USA)$} The National Center
for Biotechnology Information(NCBIL, http://www.ncbi.nlm.nih.
gov/)ollA] A F8H= Advanced Blast Search 21345 53}
o] GenBank(Bethesda, MD, USA)ol| B8 FAF 759}
A7 L= Hlaste] AR/ FAdAE A48
T MEGA V4.0( http://www.megasoftware.net)= ©]-8-3}<]
Tamura-Nei distance model¥} neighbor joining method®l] 2]
3 AEE=E 2Ad 83 th(Saitoud} Nei, 1987; Tamura,
2007).
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Ltd., Tokyo, Japan)& AF&3sle] %311, pHe= pH
meter(Eutech Instruments Pte Ltd., Ayer Rajah Crescent,
Singapore) & A3l 731t} F AH=(total acidity)=
LRAS SHTE 209 348 F 1% phenolpthalein 8-}
< 7}8a 0.1 N NaOHCe 2 33}3k tf3 H714 0.1 N
NaOH £99] k& 7|F 27 acetic acid2A] &= A= S
Arrelit, A% o] d7 wgd Fo| 3L gk
542 15CA BE g A8 100 mLE F3ke] 500 mL
&0 T2t Febadd ¥ WAr|E A4Ag v
719 FRaAT SRl 80 mL A% Dol S ul FF
g F83laL SRTE 7I8le] 100 mLE 388 v w2~
Ao 7] 7 Al(Daekwang Inc., Seoul, Korea)E
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Agatel 15Tl 2Rge] SR (%S S
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i=]

pEqz fAwd ARe vele FAA2A
LiChrolut EN(200 mg) cartridge ®:+= Amberlite XAD-2
Sulpelco Corp.(Bellefonte, PA, USA) X & AF&-3l] Fig,
13} 22 Wi o 2 BEa5t tiIbarz 5 2006; Guerrero &
2008; Mendes & 2012). =, LiChrolut EN cartridge=
dichloromethane, methanol & 574 242} 4 mL2 <314
o7 Al ste] EA3AZ]T) ool A ZA R 4 mLo
SHT 8 mLE 7hste] 514 ¢k vk LiChrolut EN cartridge
o B 1.5 mLe] $E 8 Fotn SR &S HEE
= AAB] $8te] S/ 5 mLE cartridgeE A3 5151
t} o]o A cartridge= dichloromethane 10 mLZ E2}A]A
A9 JEe 97§27 g rETEAR
A ethyl laurate €9 1 mL(630 pg)St 552 A A7) 91}

FFHIGES 4 g& 7Fe T 4CellA 122413 vt
T oA 2 ARSIt AFA L2 30T o5t A 1 mLE
et 58 g ALV F Sl FosmlE 55 F
A8 Alg2 ALeskgth

Amberlite XAD-2%= AH8-317] el methanol®t 57

MT fruits homogenate

<

Alcohol fermentation

Vg

Acetic acid fermentation Commercial vinegars

<< I

Vinegar sample (4 mL)

igH

Absorption of volatiles by SPE using
Amberlite XAD-2 or Lichrolut EN

O

Washing with distilled water |

O

Elution with dichloromethane

O

Drying and evaporation (0.5 mL)

O

GC and GC-MS analysis

Fig. 1. Diagram for the isolation of volatile compounds in vinegars.
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Standards and Technology, US Department Commerce, GB,
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EHE JECRE STt AR AHe 7 4w
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NR_026107.1 Acetobacter pasteurianus strain LMD 221
MNE_118169.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471

MNFE_104959.1 Acetobacter ascendens strain LMD 53.6
MNR_117456.1 Acetobacter ascendens strain LMG 1590
MNE_117457.1 Acetobacter ascendens strain LMG 1591
NR_117257.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471 strain DSM 3509
MNRE_117258.1 Acetobacter pasteurianus subsp. pasteurianus LMG 1262 NBRC 106471
NR_118171.1 Acetobacter pomorum strain LMG 18848
4|:‘NR_042112.1 Acetobacter pomorum strain LMG 18848

NR_114684.1 Acetobacter pomorum strain LTH2458

MNF_113546.1 Acetobacter okinawensis JCM 25146 strain 1-35
NR_117714.1 Acetobacter lambici strain LMG 27439
MNF_113850.1 Acetobacter syzygii strain NBRC 16604

NR_040868.1 Acetobacter syzygii strain 9H-2

MNFE_044046.1 Acetobacter ghanensis strain 430A

NR_113555.1 Acetobacter ghanensis strain LMG 235848

MNE_113632.1 Acetobacter lovaniensis strain NBRC 13753
NR_114845.1 Acetobacter lovaniensis strain LMG 1617
ME_042678.1 Acetobacter fabarum strain R-36330
MNR_113556.1 Acetobacter fabarum strain LMG 24244 16S ribosomal RNA partial sequence

Fig. 2. Phylogenetic tree of the strain from commercial fermented vinegar base on 16S rRNA.
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Fig. 5. Comparison of GC chromatogrmas of volatile concentrates isolated from Maclura tricuspidata fruit vinegar and commercial vinegars.

MTEW, Maclura tricuspidata fruit wine; MTFV, Maclura tricuspidata fruit vinegar, BRV-A, Brown rice vinegar-A; ABM, Italian Aceto Balsamico
Modena.

Table 2. Identification and quantitation of volatile compounds in M. tricuspidata fruit vinegar and commercial vinegars

Peak M. tricuspidata Domestic Foreign

N Compounds RI"
0- MTFW MTFV BV BRV-A  BRV-B ABM OBM ocv

Alcohols (15)

1 n-Butanol” <700 6.38+1.54” 7.28+1.19  7.86+1.38 8.54+£1.94 9.07+0.55 448+1.73  4.69+0.20 7.68+3.04
4 iso-Amyl alcohol® 730 54.13£10.76 0.07+0.12  5.73£0.81 2.34+0.72 - 16.21+0.81  6.14+0.68 7.25+2.31
5  2-Methyl-1-butanol 734 25.58+4.81 3 9.69+1.23 0.67+0.59 - 5.54£1.10 4.16:0.36 2.50+0.81
8  3-Penten-2-ol 765 0.99+020  1.60+0.64  0.84+0.07 1.12+0.17 1.06+0.14 - - 0.80+0.69
10 2,3-Butanediol 779 17.0840.59 10.56+0.88 - 0.36+0.34 - 0.40+0.35 - 5.08+0.30
11 2,3-Butanediol (isomer) 795 11.524030  5.2140.49 - - 0.28+0.02 0.39+0.06 - 2.25+0.30
14 3-Ethoxy-1-propanol 833 0.88+0.33 - - 2.06+0.11 - 1.30+0.14 - 4.814+0.57
17 n-Hexanol” 869 0.82£0.04  0.83+0.19  0.91+0.27 0.82+0.21 1.10+0.28 - 0.36+0.31 1.18+0.22

26 3-(Methylthio)-1-propanol 979  7.57£0.65  9.58+0.37 7.15+0.68 7.99+1.11 7.99+0.38 6.99+0.54 7.61£0.72 9.22+1.31
28  Benzyl alcohol® 1039 1.26+0.06  1.53+0.04 - - - 0.59+0.03  0.61+0.06 0.34+0.10
32 B-Phenylethyl alcohol® 1113 34.73£0.87 50.98+3.98  16.84+1.04 2.08+0.66 - 20.71+0.31 - -

42 p-Hydroxybenzyl alcohol™® 1342 1.54+134  1.57+0.17 - - - - - -
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vinegars (continued)

Peak c ) M. tricuspidata Domestic Foreign
0. ompounds RI
MTFW  MTEV BV BRV-A  BRV-B ABM OBM ocv

45 Tyrosol*™ 1422 2.5940.77 15.6740.62 - - ; ; - -

46  n-Dodecanol 1474 2.72+018  2.77:021 - - - ; 0.82+0.71 -

51 Tryptophol® 1724 27.5142.88  2.04£0.26 - ; - - ; -
Esters (15)

7 iso-Butyl acetate 755 - - 10.53+0.63 ; ; 0.824031  0.79:0.08 -

12 Ethyl lactate® 812 4394032 8314055 525033 5.69+023 5894043 4424084 4276041  5.67+:0.86
18 iso-Amyl acetate 874 - 0.75:0.11  0.32+0.07 ; ; 3340.16 03940.17  0.77+0.32
19 ZHydroxy-I-methylethyl g7 1794026  099:043 - - 1412011 - .

acetate

20 ﬁ;gzgogg(;;ggthylethyl 890 - 0.7240.19 - ; - 0.25+0.05 - -

27 I-Methoxy-2-propyl 925 41185098 38.76:042  1.04:0.12 126:034 - 33120.14 5430.15  4.55:0.16
23 ;;ggg“’(’i‘sy(ﬁgrr)"pyl 931 29.89+0.78 2636£027  0.53£0.05 0.57+0.18 - 146002 2.16£0.06  1.87+0.07
30 Methyl furoate 1079 - - ; ; ; 1.6940.04  3.340.19 -

31 Methyl benzoate® 1084 - - - - - 2.64+1.71  5.9£2.06 -

34 Ethyl hydrogen 1181 22.004022  22.7142.44 - - - - - -

succinate

53 Ethyl myristate® 1747 1.13£0.06 139006  0.95:0.02 098:0.02 1.01£0.04  0.73£0.04 1.68£0.10  1.09:0.04
54 Methyl palmitate® 1830 4.874022 9.56:1.66 12123204 11330.89 1135£0.93  7.56£0.57 10794227  7.6:0.61
55 Ethyl palmitate™ 1847 5.08+0.33  0.88+0.76 - - - - - -

56  Methyl linoleate™ 2009 1.79+0.13  0.91+1.07 - - - - - -

57 Ethyl linoleate® 2020 1844165  13.1842.81 22434422 21.0942.15 21.93+146  1233+0.83 17.794232 11.71+1.48
Aldehydes and ketones (12)

2 3-Pentanone <700 1056039 198:027  2.05¢0.63 1874038 1.750.13 2244043 2.07+028  1.52+1.32
3 3-Hydroxy-2-butanone® 709 22.27+3.03 7484012 34154203 1.68£0.59 0.18:0.16  234122.09 35942.63 44.67+1.18
9 n-Hexanal® 769 - - 0.91+0.24 - ; 3294052 1.8120.16 -

13 Furfural® 830 4242009 438027 ; ; - 5.93+1.10 15.87+0.74 -

24 cis-2-Heptenal 953 - 0.35:0.34 - - - 7244026 7.5144.60  9.09:0.08
25 S-methylfurfural® 959 - - ; ; - 9.23+0.07 11.88+0.09 -

37 5-Hydroxymethylfurfural® 1224 - 1.96+0.13 - 2.9240.97 - 107.04+6.62 417.9£17.10  1.55+0.07
40 cis-2-decenal 1274 1224012  155:044 1262015 126+0.07 127+0.10 1150.03 1.1650.18  1.04+0.09
43 p-Hydroxybenzaldehyde™ 1360 5.21+0.28  5.15+0.40 - - - - - -

41  5-Acetoxymethylfurfural 1305 - - - - - 1.6840.01  6.61+0.59 -

47 p-lonone’ 1485 1.0620.17 ; 1165021  1.1450.04 116£0.11  096£0.05 1314032 -

50  3-Hydroxy-f-ionone” 1681 - 2.61%0.17 - - - - - -
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Table 2. Identification and quantitation of volatile compounds in M. tricuspidata fruit vinegar and commercial vinegars (continued)

Peak c i 1 M. tricuspidata Domestic Foreign
no. Ompomne MTFW MTFV BV BRV-A  BRV-B ABM OBM ocv
Acids (7)
6 iso-Butyric acid 739 3.68+0.11 275041  1.88+0.16 1.81+0.62 0.90+0.04 1324030 3.23+0.38 3.21+0.87
15  iso-Valeric acid® 835 - 5.45+0.27 - - - - - -
16 n-Valeric acid 841 - 1.19+0.11 - 0.36+0.14 - 0.90£0.05 12.98+0.28 1.47+0.20
33 4-Oxopentanedioic acid 1171 - - 10.88+0.38 - - 5.62+0.45 - -
39  Phenylacetic acid®® 1259 99.48+336 104.51+5.51 - - - - - -
44 pllydroxyphenylacetic 1365 5 2010.08 11904119 ; . ; ; ; ;
52 Myristic acid 1729 - 3.63£038  1.28+0.19 1.17£0.09 1.15£0.09 - 0.67+0.59 -
Micellaneous (8)
21 y-Butyrolactone® 911 22.00£0.67 14.02+1.64  1.11£049 021+0.19 0.18£0.16  3.0740.16 2.51+0.16 1.62+0.38
27  3,3-Dimethyloctane 1019 2324027  3.08£0.17  2.16+022 2424032 238£0.15  220£0.15 2.30:027 2.95+0.33
29  Pantolactone® 1053 7.924030  2.07+0.08  1.04£0.03 1.09+0.11 1.06£0.06  2.38+0.57  0.60£0.07 0.86£0.13
35 2,3-Dihydrothiophene 1197 1633061  15.57£0.69  8.11+0.88 - - - - 1.05+0.03
36 23-Dihydrobenzofuran® 1216 6.93+027  7.10£0.30 27.69+3.65 32.3742.93 26.55+2.87 - 36.26+1.63 -
38 13-Di-tert-butylbenzene 1241 9.46+022  9.87+040  6.95+0.31 - - 2.540.11  7.0540.45 -
48  24-Di-tert-butylphenol 1504 3.16+1.44  1.78+0.57  3.54+0.64 3.60+027 3.56£022  242+0.67 596023 1.17+0.10
49  Dihydroactinidiolide® 1524 1.34+0.13 1.17+0.11 - - - - - -

YRetention index on non-polar DB-5MS capillary column.
IConcentration was expressed as meantSD (n=3).
ot detected.
“Identified by comparison of GC retention time with authentic standards.
®Detected only in M. tricuspidata fruit wine and/or M. tricuspidata fruit vinegar.
MTFW, M. tricuspidata fruit wine; MTFV, M. tricuspidata fruit vinegar; BV, brewing vinegar; BRV, brown rice vinegar; ABM, Aceto Balsamico
Modena; OBM, Organic Aceto Balsamico de Modena; OCV, Ontaria Chadonnay wine vinegar.
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Fig. 6. Comparison of total volatile compounds of vinegars used
in this study.

MTFW, M. tricuspidata fruit wine; MTFV, M. tricuspidata fruit vinegar;,
BV, brewing vinegar; BRV, brown rice vinegar, ABM, Aceto Balsamico
Modena; BM, Organic Aceto Balsamico de Modena; OCV, Ontaria
Chadonnay wine vinegar.
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