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Abstract: [Objective] This study aims to propose a new freeze concentration mechanism, providing a re-
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ference for enhancing concentration performance and efficiency of wine. [Method] This study froze dilute solu-
tions into solids. By utilizing negative correlation between the melting point of ideal micro-solids and solute con-
centration, the effects of solid structure and solute distribution within freeze systems on heat and mass transfer
were avoided or reduced, and efficient concentration was achieved via melting fractionation. Taking Spine Grape
wine with an ethanol volume fraction of 12. 0% as the research object, fractionation was implemented via freeze
fractionation methods including crushing centrifugation, specific directional heat source installation paired with di-
version channels, and external heating combined with diversion channels. Indicators covering melting ratio ( V),
fraction concentration (C,,) , concentration multiple (C,) ,cumulative solute recovery rate (R,) , and process time
(T,) were measured to determine the concentration performance and efficiency of different freeze fractionation
methods, and comparisons were made with traditional freeze-thawing method. [Result] At a melting ratio( V)
of 0.1, the ethanol volume fractions of fractions acquired by the three new methods were 42. 36%,34.26%,
and 34.15% , respectively. These methods achieved corresponding concentration multiples of 3.53, 2. 86 and
2. 85, cumulative solute recovery rates of 35. 30% ,28. 55% and 28. 46 % ,and process times of 0. 25, 25. 60 and
60. 80 min respectively. The traditional freeze-thawing method attained an ethanol volume fraction of 20. 30% ,
a concentration multiple of 1.69, a cumulative solute recovery rate of 16.92% and a process time of 251. 20
min. Compared to the traditional freeze-thawing method, the new freeze fractionation methods significantly im-
proved the fraction concentration (C,,) , concentration multiple (C,) and cumulative solute recovery rate (R,),
and markedly reduced the process time in high concetration stage. [Conclusion] Compared to the traditional
freeze-thawing method, the newly developed freeze fractionation methods demonstrated significant improve-
ments in both concentration performance and efficiency. It has great application potential in the wine industry,
among which the crushing centrifugation method exhibited the best overall performance.
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Fig. 1 Self-modified centrifugal fractionation apparatus
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Fig.2 Self-made melting fractionation apparatus equipped

with directional heat sources
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1. Solution outlet; 2. Upper cap of container; 3. Support feet;4. Opening of the jacketed cylinder container; 5. Thermal insulation material ;

6. Outer wall of heater; 7. Jacketed cylinder container;8. The inlet for energy medium;9. The outlet for energy medium;

10. Support feet; 11. Dilute solution; 12. Solids formed by frozen dilute solution; 13. Energy medium.
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Fig.4 Schematic diagram of fractionation apparatus with directional heat source layout
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Table 1 Stage-wise fraction concentrations (calculated as ethanol volume fraction, C,,) of Spine Grape wine under

different freeze fractionation methods

SrBUR ML (CL) /%

Fraction concentrations in each stage (C,,)

FBITS Al e L % — o - g ; Y. -
Stas No.  Melting ratio W B L e T R 5
) Crushing Directional heat source -+ External heating+ Traditional freeze-
centrifugation diversion channels diversion channels thawing method
1 0.1 42.36+0.45a 34.26%+0.26b 34.15+0.48b 20.3040.45¢
2 0.2 42.10%0.20 a 29.54+0.42b 29.04+0.44b 18.88+0.31¢
3 0.3 24.91+0.37a 23.80+0.37b 21.50+0.37 ¢ 20.6340.42 ¢
4 0.4 8.3940.33¢ 16.30£0.46b 17.18£0.38b 20.1340.67 a
5 0.5 1.60+0.16 ¢ 11.01£0.47Db 12.19£0.43b 16.7940.39 a

T« [l — A7 B E AR AN [l /N5 A B3 78 A L ) 28 5 i 35 (P<20. 05) 5 R I,
Note: Different lowercase letters in the same row indicate significant differences (P<Z0. 05). The same below.
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Table 2 Stage-wise concentration multiples(C,)of Spine Grape wine under different freeze fractionation methods

I B W 4R A K (C)

Fraction concentration multiples(C,)in each stage

IrBF S il fige LE 4

Stage No.  Melting ratio W M OB W SRR S i s 55
Crushing Directional heat source+ External heating + Traditional freeze-

centrifugation diversion channels diversion channels thawing method

1 0.1 3.53+0.04 a 2.86+0.02b 2.85+0.04b 1.6940.04 ¢

2 0.2 3.51+0.02a 2.46+0.04b 2.42+0.04 b 1.57£0.03 ¢

3 0.3 2.084+0.03a 1.98+0.03b 1.7940.03 ¢ 1.72£0.04 ¢

4 0.4 0.70£0.03 ¢ 1.36+£0.04b 1.43+0.03b 1.68+£0.06 a

5 0.5 0.13+£0.01¢ 0.92+0.04b 1.02+0.04b 1.4040.03 a
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Table 3 Process time(T,)of Spine Grape wine under different freeze fractionation methods

HAFER(T,)/min
SRR il A L A Process time(T,)
Stage No, | Melting W R e S R TS ot e e 1 G ik
ratio Crushing Directional heat source+ External heating+ Traditional freeze-
centrifugation diversion channels channels diversion channels thawing method
1 0.1 0.25£0.01a 25.60+£1.14b 60.80+£2.28¢ 251.20£4.97d
2 0.2 1.954+0.07 a 52.00£1.00b 122.2042.59 ¢ 252.36+4.89d
3 0.3 6.46£0.46 a 81.20£2.28b 202.80+£4.92¢ 257.00£4.53d
4 0.4 42.8042.28 a 124.404+3.29b 285.40+£4.10¢ 284.20£3.56 ¢
5 0.5 81.40£2.30a 179.404+3.91b 369.40+4.04 ¢ 376.20+4.15¢

2.4 AERFSETTEX A L U 5 720
SR 4 250 T A AN [ Ve R 0 0 Ok T B 3R B T
R (RO MR 4 PR o i3 4 AT UL B Rl gt L 3R

BRI, 2% b 2318 07 vk 1) 3R AR T [l g A 2 5 T s
s 70 AR [ B0 Tl igp LU SRR R B0 R E T VI
PR+ G U T A SR AR - A A A R B



%34

JE TR AR, A5« O TR) V4 R 3 MR 50 R X 0 4 255 TS 2 Tt A4 20 R N80 3R ) 52 ) 153

Joi¢ Il WA A g 2 R T AR G R R R R
D EAC Y T B R | A 91 2 e s TR B A
Foft v VR 23488 0 ¥R AR LG, R [R] B0 il A LE R R 2 DR
B0 i R BRI T CR Ok, HL B R T A 2
ol T3, TR E T (07 8 AR R - 5 A T R AR
A U T A SRR T (] A A R TR O T
1 R fifp L AR FN 0. 5 I BB B0 R E O 0 5 B AR

VA~ 5 9L 38 TE AN A - I 3 R R A i
T3 1 1 SRR 0T ISR 43 5 R 99. 47 %6 ,95. 76 %6 il
95.05% , 1M 1% &t ¥ fil 1% 1 B2 BRI I el i A A
80.61% . Uk W] 5 1% 48 VR ik AH L, 3R V% VR 3 18 U
T B e g R I ROR A B T B T b Roag
PR IR NI

R4 NEHEERRRFENBAENRRBAREKER,)

Table 4 Cumulative solute recovery rate(R,) of Spine Grape wine under different freeze fractionation methods
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