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Reverse osmosis causes change in volatile compounds in onion juice

Zen Shim"“*, Myeong-Hee Jeon', Dae-Hee Lee', Yong-Seok Kim?, Sang-Mi Lee?, Jung-Min Choi’, and Eun-Ji Jang’
'Sempio Fermentation Research Center
“Department of Food Science and Technology, Ewha Womans University

Abstract Reverse osmosis (RO) was applied to onion juice to produce concentrated onion juice with improved flavor.
The volatile compound profiles of concentrated onion juice and onion juice were compared using solvent-assisted flavor
evaporation followed by gas chromatography-mass spectrometry. Onion juice and RO-concentrated onion juice contained
48 and 62 distinct volatile compounds, respectively, and included alcohols, aldehydes, esters, terpenes, furans, ketones,
acids, hydrocarbons, and sulfur-containing compounds. The RO-concentrated onion juice contained a greater number of
volatile flavor compounds than did onion juice. Notably, sulfur-containing compounds, which are characteristic volatile
flavor compounds in raw onions, were more abundant in the RO-concentrated onion juice than in onion juice. The volatile
compound composition indicates that RO-concentration produces good quality onion juice.

Keywords: onion juice, reverse osmosis, volatile compounds, concentration, non-thermal process

M

rhu

St Allium cepa Ly= BFF| &shs thd22A] /2
I &S Ad Ak o] e, Sz 2 rHAE Az
R 5= de] AREAL Sl

ute] AT 5EolA 7Y Atelo]n] F8F & A AJEHA
AREETE ey R 90% B Y AR F
ol ik 5o =2 Qlste] FAASL 4Alst 53] AdsA| X
St A=A e Bt @719 4ol ASIaL Bomyrs, Fusarium,
Erwinia, Bacillus 2 Pseudomonas 52 F-olldol| 2Jste] FHajj7}
HrhSuh, 2002). Ao ol B A5}t Fom FIge] &
7} HEAA HAL ole g TN E 9 &=
F AUt

AEFNQOAM = ko] AR R} fF F

\:/yl.

%k/\ = tﬂ xqoqzu]

Az

R

o] FARES MAds] Sl o THsAlEECl Y HArh
s AFZAZREY FAAZREY A7 oleoresin Y essential

oil 59 FE|Z 7}Fate] o] &3t UthKang &, 2007; Kim &,
2005). 7 _lz_oc}_q_,_m-o c‘»_:]u}x{__i %7-11 = Eé}]le
|3te] AN & s EF

gt} g9 7 3 S

*Corresponding author: Zen Shim, Sempio Fermentation Research
Center, Cheongju, Chungbuk 28156, Korea

Tel: +82-43-249-6731

Fax: +82-43-238-8575

E-mail: sjaen@sempio.com

Received November 19, 2018; revised January 25, 2019;

accepted January 25,2019

Algol Yol = EAHo] th Eg Fur)i= 71E
o}o:] x]]_,ﬁﬂ J,].z-l oz 'sku] —],] t‘ﬂ}g} oAl _/I:/\Io] 9
, oleoresin} essential oil> FAHE 7}A o] W& QoA diF-
FYstL Aok wErA, 712 FRptEAEe ZAEES A
stal 9 Ifo] FWE FABIEA A 2 #5740 g1
U ko] 7HE Nde] gk Aot 2y, dA)
S AFAFGANAN ARSShHE 719 7HeAE WHOEE o&
sh=dl A7 T
olo A& AFelA Fut e Fr|EAe] M H
A @ FEEAdE Axs] Sg s Ade] e
2 Ao e 2 ddWHeRE G4EAH (reverse osmosisyS T+
ESATE AAERHe HEEF e ESd Ayl
&3t AF7F A o™ (Fogarassy 5, 2015; Jayarajah®} Lee, 1999,
Souza 5, 2013; Khongnakorn 5, 2016; Pravin 5, 2012), 2}l
9 I, SEaE AF i F&ske Ax Wy Ak A+
SAthKang &5, 1997; Kim 5, 1988; Lee 5, 1992; Lee
2000). 3 A4S dsFEEo R A dye deFHeR
n) F2& H7keE dAeldtileong &, 1999). AAHFEAHE
&3 A& FFol= IR Ha EAo] AFg ezoq‘ﬂ‘:]'
wEhA] 2 Aqedas Efste] 4
o ALES

off
lo Ay

2

rﬂ oML HJ Nlo ol
c

¢

1‘ f

=L

s,
=

ﬂlﬂi odt ?ln

L

OO]:

O
0,
o
o

0
£V
oo x

[oF

Ay
2
1o
O
=)
B
o,
o
R

Tz %

M=
ke dEhgdE FotolA] Aatste] 423 259 AL Y3}
of ¥g] HES AASIL MAFHste] 2372 B2 F, filter-press



8 =2 E8ke]x] A 51 WA 1 (2019)

© °
B
Fig. 1. Schematic diagram of batch MF and RO system. A: Feed

tank, B: Feed pump, C: Pressure regulator, D: Membrane module, E:
Permeate

(SCFP-630, Seoul, Korea)Z #H53le] AME-3I4ATH

Micro-filtration

Filter-press2 o318 o259 (4.5 °Bx)y2 Fig 13 22 A3
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Solvent-assisted flavor evaporation (SAFE)
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Gas chromatography-mass spectrometry (GC-MS)
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Table 1. Specification of the membrane module used in micro
filteration and reverse osmosis

Specification Micro filteration Reverse osmosis
Material Polyethersulfone (PES) Polyamide
Pressure (bar) 2 80
Cutoff molecular weight 500,000 100
Manufacture Merck Koch
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Fig. 2. GC-MS chromatogram of sulfur-containing compounds in onion juice & onion juice by reverse osmosis (I.S: internal standard)

Table 2. Comparison of volatile compounds of onion juice by reverse osmosis system

Relative peak area”

No.  CASNo. RI" Compounds Concentrated Ratio of 3 DY
Onion juice onion juice by ~concentration
RO system
Alcohol
1 71-36-3 1141  butanol 0.009+0.003 0.311+0.001 36.061 MS/RI
2 1569-50-2 1169  3-penten-2-ol 1.695+0.022 8.819+0.012 5.203 MS
3 123-51-3 1205  isoamyl alcohol - 0.142+0.231 - MS/RI
4 71-41-0 1248  pentanol - 0.269+0.328 - MS
5 105-30-6 1301  2-methylpentanol - 11.741£1.432 - MS
6 108-11-2 1304  4-methyl-2-pentanol 0.565+0.011 2.126+0.056 3.759 MS
7 4675-87-0 1320 2-methyl- 2-buten-1-ol 0.084+0.002 0.437+0.021 5.178 MS/RI
8 922-17-8 1335 3,4-hexanediol 0.099+0.001 0.083+0.018 0.830 MS
9 111-76-2 1396  2-butoxyethanol 0.040+0.031 1.013+0.226 25.509 MS
10 104-76-7 1488  2-ethylhexanol 0.021+0.108 0.158+0.064 7.662 MS
11 513-85-9 1577 2,3-butanediol - 3.010+0.129 - MS/RI
12 100-51-6 1875  benzyl alcohol 0.169+0.027 1.530+0.761 9.049 MS/RI
Aldehyde
13 1115-11-3 <1100  2-methyl-2-butenal 0.063+0.069 0.969+0.027 15.357 MS/RI
14 78-85-3 1157  2-methyl-2-propenal 2.97240.821 20.717+£2.291 6.969 MS
15 111-71-7 1180  heptanal 0.001+0.000 - - MS/RI
Ester
17 97-64-3 1342 propanoic acid, 2-hydroxy-, ethyl ester - 0.077+0.002 - MS/RI
Terpene
18 138-86-3 1187  dl-limonene 0.019+0.002 0.031+0.001 1.618 MS/RI
Furan
19 3777-69-3 1227  2-pentyl furan 0.002+0.000 - - MS/RI
20 33922-66-6 1988  2-hexyl-5-methyl-(2H)-furan-3-one 0.319+0.001 1.665+0.042 5.211 MS
16 100-52-7 1517  benzaldehyde - 0.225+0.011 - MS/RI
Ketone
21 591-78-6 <1100 2-hexanone - 0.005+0.001 - MS/RI
22 25659-22-7 1160  4-hexen-2-one 0.003+0.001 0.026+0.001 7.739 MS
23 583-60-8 1420  2-methyl-cyclohexanone - 0.576+0.011 - MS

24 777-95-7 >2200 1,6-dioxacyclododecane-7,12-dione - 2.196+0.162 - MS
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Table 2. Continued

Relative peak area”
No.  CASNo. RI" Compounds Concentrated Ratio of N DY
Onion juice onion juice by ~ concentration
RO system
Acid
25 79-09-4 1535  propionic acid - 2.088+0.288 - MS/RI
26 111-14-8 1950  heptanoic acid - 0.089+0.006 - MS/RI
27 124-07-2 2057  octanoic acid - 0.393+0.026 - MS/RI
28 112-05-0 2164  nonanoic acid 0.053+0.000 0.211+0.000 3.974 MS/RI
29 57-11-4 >2200 octadecanoic acid - 0.489+0.005 - MS/RI
30 544-63-8 >2200 tetradecanoic acid 0.142+0.004 0.001+0.000 0.003 MS
Hydrocarbon
31 1120-21-4 1100 undecane 0.018+0.002 0.112+0.008 6.180 MS/RI
32 100-41-4 1120  ethylbenzene 0.075+0.005 0.689+0.007 9.127 MS/RI
33 106-42-3 1128  p-xylene 0.035+0.001 0.319+0.006 9.106 MS/RI
34 95-47-6 1134 o-Xylene 0.081+0.004 0.654+0.001 8.037 MS/RI
35 112-40-3 1201  dodecane 0.009+0.002 0.052+0.008 5417 MS
36 592-47-2 1215 3-hexene - 0.055+0.002 - MS
37 629-59-4 1401  tetradecane 0.635+0.017 2.514+0.097 3.956 MS/RI
Hydrocarbon
38 629-62-9 1500  pentadecane 0.029+0.070 0.159+0.059 5.488 MS/RI
39 25117-33-3 1547  5-Methylpentadecane 0.053+0.003 0.224+0.065 4210 MS
40 1560-93-6 1558  2-Methylpentadecane 0.043+0.002 0.142+0.082 3.305 MS
41 2882-96-4 1568  3-Methylpentadecane 0.046+0.009 0.203+0.079 4.335 MS
42 544-76-3 1602  hexadecane 1.336+0.064 5.840+0.031 4.373 MS
43 629-78-7 1701  heptadecane 0.129+0.072 0.562+0.026 4.369 MS
44 593-45-3 1802  octadecane 0.957+0.031 3.346+0.191 3.495 MS
45 629-92-5 1901  nonadecane - 0.134+0.030 - MS/RI
46 112-95-8 2000  eicosane 0.177+0.008 0.609+0.007 3.429 MS/RI
Sulfur-containing compounds
47 624-92-0 <1100  dimethyl disulfide 0.221+0.015 7.442+0.551 33.653 MS/RI
48  27817-67-0 1104  allyl propyl sulfide 0.000+0.000 0.113£0.001 1664.007 MS
49 20333-39-5 1138 methyl ethyl disulfide 0.001+0.000 0.008+0.000 11.843 MS
50 638-02-8 1184  2,5-dimethyl thiophene 0.025+0.000 0.136+0.001 5.530 MS
51 13153-11-2 1214 trimethylene sulfoxide 0.010+0.001 - - MS
52 2179-60-4 1227 methyl propyl disulfide 0.155+0.000 0.002+0.000 0.012 MS
53 4110-50-3 1233 ethyl propyl sulfide 0.003+0.000 0.109+0.001 38.464 MS
54 632-15-5 1246  3,4-dimethyl thiophene 0.012+0.001 0.484+0.000 42.054 MS
55 2179-58-0 1273 methyl 2-propenyl disulfide 0.049+0.002 1.030+0.005 20.800 MS
56 5905-47-5 1281  methyl propenyl disulfide 0.965+0.000 12.562+0.076 13.022 MS
57 3658-80-8 1368  dimethyl trisulfide 0.946+0.007 6.581+0.042 6.959 MS/RI
Sulfur-containing compounds

58 2179-59-1 1426  allyl propyl disulfide 0.438+0.001 1.836+0.003 4.196 MS
59 2179-57-9 1477  allyl disulfide 0.068+0.004 0.320+0.006 4.716 MS
60  13882-12-7 1650  methyl methanethiosulfinate 0.987+0.006 0.575+0.001 0.582 MS
61 6028-61-1 1653 propyl trisulfide 0.290+0.016 0.500+0.011 1.722 MS
62 590-42-1 1715  isobutyl isothiocyanate 0.052+0.002 0.167+0.003 3.203 MS
63 5756-24-1 1727  dimethyl tetrasulfide 1.046+0.007 2.650+0.030 2.534 MS/RI
64 95-16-9 1945 benzothiazole - 0.308+0.031 - MS/RI
65 3354-41-4 >2200  4-methyl-3H-1,2-dithiole-3-thione - 0.545+0.011 - MS

DRetention indices were determined using n-paraffins C¢-C,, as external references.

YRelative peak area (peak area of compounds/peak area of internal standard)

3 Ratio of concentrated volatile compound (relative peak area of concentrated onion juice/relative peak area of onion juice)

YTentative identification was performed as follows: MS, mass spectrum was consistent with that Wiley mass spectrum database (Wiley mass
spectral database 9th with NIST11); RI, retention index was consistent with that of the literature.



Table 3. Comparision of sugar contents in onion juice and
concentrated onion juice by RO system

Concentrated onion juice

Free sugar Onion juice

by RO system
fructose 1.79% (w/w) 10.61% (w/w)
glucose 2.04% (w/w) 11.93% (w/w)
sucrose <1000 mg/kg <1000 mg/kg
lactose - -
maltose - -
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