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Study on two-stage partial block freeze concentration to prepare high
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Abstract; Used the self-developed 50 L progressive partial block
freeze concentration pilot equipment to concentrate the soluble
solid content of 5.0 °Brix apple cider vinegar. By adjusting the
stirring speed and the cold medium temperature, comprehensive
energy consumption, time and other factors, explored the opti-
mum technological conditions of the two-stage and recycle liquid
entrainment effectively. And at the same time, used solid-phase
micro extraction-gas chromalography mass spectrometry to
explore the changes of aromatic substances in the difference of
apple original vinegar, all levels of concentrated compound liquid,
two-stage entrainment solution, entrainment recovery solution
Results; The apple cider vinegar

5 °Brix 50 kg — 10 °C still keep 3 h and then turn to —16 C,

and ultimate entrainment.

stirring speed 900 r/min, 21 h after get 12.5 °Brix concentrate
14.74 kg. The 50 kg of 12.5 °Brix vinegar — 16 “C keep into
—24 °C after 4 h, 900 r/min, after 28 h can get 25 °Brix concen-
trate 15. 11 kg. The two levels of concentrated power
consumption were 72 kW + h and 135 kW + h, respectively.
There were 14 kinds of aromatic substances in apple cider
vinegar, and the characteristic components with high content
were benzaldehyde, octanoic acid, 4-ethylphenyl-2-butyl ester,
benzene ethanol, phenyl-ethyl acetate, etc. The retention rate of
aromatic substances after primary concentration was 80.23%,
and the retention rate of secondary concentration was 87.73%.
The retention rate and total loss rate of apple cider vinegar were
70.39% and 2.61% . respectively. Therefore, the concentration

device can obtain the apple cider vinegar with a higher concentra-
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tion and a higher retention of aromatic substances effectively by
two-stage concentration of apple cider vinegar and recycling the
entrainment, and it has to be useful for further improvements to
the equipment and other materials.

Keywords: apple cider vinegar; freeze concentration; entrainment

recovery; aromatic substances
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Figure 1 Partial block-freeze concentration
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Table 1 Results of the primary concentration

WHLRE/ SRS/ WRWEETE/ WRAEWOTTR/ WREWATIEERDE JORBUR/ S i nT VA MR DR FEHLE/
°C (remin 1) h kg Wy &/ Brix kg ¥y & &t /°Brix (kW « h)
—12 600 27 21.05 10.3 28.55 1.2 74
—16 600 22 14.37 12.5 34.90 2.0 73
—20 600 19 13.76 12.5 35.38 2.2 74
—16 300 27 12.57 12.5 36.37 2.5 84
—16 900 21 14.74 12.5 34.47 1.9 72
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Figure 2 The change of apple cider vinegar concentration under different freezing conditions

R AEAS T3] ¥ B JEE T o i J3E 38 s HA A A [ L EL B
WA B AT > Wk e B I 8 TP 2. RO B g
JEE FT AT B e 22 AR AL I 5 0 — RV 4 Y 0 B Tk BE R F —
RS RE)R B) | N G R E SE U N
AR K 23 1 DK e 3 TR AL [ R K o R O Y D
VA 080 2 A 80 39 v 9 K R M L 23 L BT L
TEBC A e R BEHE B 900 r/min T B8 £ 75 [] v I 2 ok
Frlemuc i . & 3 38T LA L 18 12.5 “Brix fORHR MK
BEN 4552 UR U A HLAH 7T 3k ¥ R BE N RR (—24 °CH L 3t
B —24 "CIR BT 48 A W, HL TR DO 52 22 M 75 3 B AR IR
ARV IO B AR . —20, —22 CRAYR BIR E T
TR A8 J5 W1 AR IR 22 8l 0 AT RER 2 LA B A L 08 1 %
L MES M AR AR SEHE AT S BORTR 1 HAR IR 4R B el
B J ST etV VR R A L AL T S A E R BR L R R
TR

Hi R 2 T 0 BRI W D 12.5 °Brix B
R R R A T LRI B — B BOR SR

Ei|

{E3

AT

i
Soluble solids content/° Brix

[’} e =)} e} =) [\S] -~ (=)}
T

12 15 18 21 24 27 30 33
s [7]
Time/h

B 3 900 r/min 4 T A L% & 2t F R B R E 09 % oa
Figure 3 Changes of concentration of apple cider

vinegar at 900 r/min
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Table 2 Results of the secondary concentration
VWO BEREEBE/ WA/ WA/ WRAGWRCTIETERIE Ol B/ AV IR R E TR FeHL Y/
C (r+min 1) h kg ¥y & & /°Brix kg ¥y & & /°Brix (kW - h)
—20 900 32 12.90 25 35.02 7.4 139
—22 900 30 13.47 25 34.67 7.5 140
—24 900 28 15.11 25 32.81 6.7 135
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Figure 4 Changes of concentration of apple cider vinegar
during one-time concentration and two-stage

concentration
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Table 3 The aroma composition changes in vinegar and ice samples before and after concentration

pg/L

L& 4 B FRE SRS AR CHORE AR e et Jear i Aok Bk /%
BT EE CNARD 81 81 81 81 81 81 81 —
W3- WAL T g 172 157 136 114 59 103 3 1.74
Z-2- WAL TR 48 38 33 35 17 126 0 0.00
- IR BR-2-T S g 25 19 21 21 15 18 3 12.00
7 1701 1257 1197 1147 228 1098 0 0.00
A 123 104 99 44 40 38 0 0.00
2-7,3-1-C 103 89 32 33 31 31 67 65.05
KW 383 346 302 389 30 309 0 0.00
TR 1494 1237 1086 1036 481 955 0 0.00
AT 888 721 579 610 280 610 21 2.36
TH 22 14 12 16 12 19 0 0.00
4-TORUT R 44 39 31 26 15 23 16 36.36
ESf/NIL 5 5 5 3 2 2 3 60.00
AR STl 18 16 14 12 8 10 2 11.11
AR W R — T g 63 41 35 34 30 33 18 28.57

PR 508 toss 3582 3520 1266 3375 133 261
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