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Abstract: A partial block freeze-concentration apparatus (50 L) was applied to concentrate apple vinegar in a pilot study, and the aromatic
composition changes in the vinegar and ice samples before and after the concentration process were compared using gas chromatography-mass
spectrometry (GC/MS). During this process, the refrigerant interlayer temperature and stirring rate of the freeze concentrator at the beginning
stage were controlled at -12.0 ‘C and 300 r/min, respectively. When the ice on the inside wall of the crystallizing tank reached a thickness of
0.50 cm, the refrigerant interlayer temperature and stirring rate were changed to -16.0 “C and 500 r/min, respectively, which were maintained
until the end of the concentration process. After 11 h, 21.70 kg of concentrated apple vinegar with 9.50% content and 27.84 kg block ice with
0.66% entrainment could be obtained from the initial 50.00 kg apple vinegar. The concentration index and solute yield were 2.13 and 92.24%,
respectively. The total loss of aromatic compounds from the block ice was just 3.12%, and the loss rates of characteristic components, such as
benzaldehyde, octanoic acid, 4-ethylbenzoic acid butan-2-yl ester, phenylethyl alcohol, and acetic acid 2-phenylethyl ester, were in the range of
3.33~7.47%. However, when the recovery liquid from thawed ice was re-concentrated using similar two-step controlling parameters, the main
components recovered were the solutes (e.g. organic acids), but no significant concentration effect was observed in the trace amounts of residual
aromatic components.
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Fig.1 Multifunctional pilot-scale freeze-concentration

apparatus
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Table 1 Operation parameters for apple vinegar freeze-concentration

IRGERAE (AT %
Aok s — il
REE KRG (CERRES) EBORYE (kAR )

i —W B HE & 2R/ °C -12.0 5.0
Sk %*%ﬁﬁ#ﬁ&@mm 300 300

% WAt Sk 2R E/°C -16.0 -10.0

% — Bt Hg & /(t/min) 500 500
fiE A B R4 B/ °C 20.0 20.0
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Fig.2 Flowchart of freeze-concentration process for apple vinegar
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Table 2 Concentration effect of apple vinegar and block ice freeze-concentration

ARG bR Eke CJ/% RERREAE CJ/% kwAkFEke C/% C P Y%
FRREEGIRYGE 50.00 4.47 21.70 9.50 27.84 0.66 213 007 9224
kR EOR S 50.00 0.66 21.52 1.25 28.13 022 189 018 81.52
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Fig.3 Temperature and concentration profiles during freezing

stages for apple vinegar and recovery freeze-concentration
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Fig.4 State images of mother liquid (a) and block ice (b) after
freeze-concentration
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Fig.5 Change in the volatile compound profiles of apple vinegar

during the freeze-concentration process
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Table 3 Changes in the aromatic composition of vinegar and ice samples before and after concentration

S E/(ugl)
5 Aty 2 AR AL/ % AR BT /min JB B Rgr BB £ Bk £ Bk BE /%
(4.47%) (9.50%) (0.66%)  (0.22%)

1 TE (AR 90 3.55 81 81 81 81 -
2 LER-3-F AT B 97 4.48 44 151 6 4 3.82
3 LER-2-F AT B 96 4.59 7 21 0 0 0.00
4 4- KB4 -2-T JhBg 81 5.84 829 1487 120 123 747
5 R EE 99 8.09 1198 2726 19 16 0.69
6 TE 97 933 51 162 6 0 3.57
7 2-THk-1-TE 97 10.97 36 66 8 7 10.81
8 KBz 98 14.20 732 1192 54 52 433
9 FiL 97 17.45 966 2526 15 19 0.59
10 LHOR UBS 97 20.29 585 1190 48 35 3.88
11 TA®H 89 2432 42 66 6 0 8.33
12 2,4- =BT AREy 95 28.02 97 77 10 10 11.49
13 ThEE 94 29.74 19 21 6 5 2222
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