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Research on Crystallization Change of Grape Cells during
Freezing-thawing Process

Zhang Zhe' Zhao Jingl Tian Jinjinl Wang Huaiwen' Wang Sasa' Zhang Ping2
(1. Tianjin Key Laboratory of Refrigeration Technology, Tianjin University of Commerce, Tianjin 300134, China
2. Tianjin Key Laboratory of Postharvest Physiology and Storage of Agricultural Products ,
National Engineering and Technology Research Center for Preservation of Agricultural Products, Tianjin 300384, China)

Abstract; The freezing-thawing phenomenons of fruits and vegetables are inevitable during the
refrigerated transport process. The quality of fruits and vegetables will also be changed. Grapes as test
objects are used to test the quality change during the freezing-thawing process. The cryomicroscope
system (including CCD camera, BCS 196 cryostage, the liquid nitrogen tank, the crystage temperature
control system) was used to test the grape sample during the freezing-thawing process. The temperature
range of cryomicroscope system is —196°C to 125°C. The crystallization change of grape cells has been
researched. The freezing-thawing rate is 2,6,8,11,14,20,50, 90°C /min. Micrograph, volume, internal
pressure and permeability coefficient of grape cells were analyzed during the freezing-thawing process.
The result shows that the formation process of crystallization in the intercellular space depends on the
freezing rate. Grape cell freezing temperatures will decrease with increasing freezing rate and the general
trend of change in volume of grape cells will decrease with the decreasing of temperature. However, grape
cells volume will increase at —5 ~0°C due to the volume changes of intracellular free water. Grape cells
volumes were reduced by 54.5% , 26.3% respectively at 14°C/min and 50°C /min freezing rates. The
larger the freezing rate is, the smaller the cell volume changes to be. During the freezing process, the
permeability coefficient of grape cells will decrease with the decreasing temperature and freezing rate.
Increasing thawing temperature can effectively reduce the damage of the grape cells during freezing-thawing
process. This research will optimize the temperature gradient of fruit and vegetable during cold storage.

Key words: grape cell; freezing-thawing; crystalline change; cryomicroscope

W H 39 . 2016 —02 —25  f&u] H 9. 2016 —03 — 11
EEWAB: HEARFFRETH (11572223) K HT B R B3 4 T 4590 H (14JCZDJC34600 ,15JCZDJC34200)
EEFAN : K3 (1975—) , 5, Bl # 8%, 358 N\ F R B AR BEAF 5, E-mail: zhangzhe@ tjcu. edu. cn



212 & A Bl B ¥ i

5l

Bl 2 A 3 KT B 3R, AT X SR A BR B
BB TR R A B 1) R e L K4 R e R B 1 R kR
SRt M o P SN o X AN A VA VR
A AL T R RS T . MERYMAN 251 ff
I8 T V& UR 52 TR 0T 20 M (4 52 ) 48 H A0 AN B OB TR S
3 24 M A T T 7 52 R R o by T K B AL K
S H1 PN AR B, AR Y TR R R O R A 5 S
BANK ' f) F45 5 58 b, 65 1% 1 40 0 AR v 40
() 77 20 LA L N T AR A0 1 oK . A R IR AT R
Fh 0 AR 0 i B 4G g A . MACKENZIE S 5
T B 200 M L A V4 TR FR M P o, b AR F
W, WSE 45 E R AE IS R, DILLER™ ™' il AT & f 4%
RV 40 9 S 3o A i R B b, ACHARYA
24O IR IR S OB R 98 T 00 A A T I O 3
TRV, IF 5 T 40 I X K S 38 B £
$. SOPHIE 457 %of 3 5 S 20 5 76 A [ 4 146 F
PEAT VR A5 B R 400 T B9 5 B 6 K 4) A i
BE RS BS54 AT i BRI A Ak . 7 [ A BER
VT4 S UBE Y T 3 R R R R T 5 AR R R AR
B SR T A0 254 L S B g A Ak
Z 2 VOV T R L R B R T I R X A A
PR T TD R AR S 4 i 45 R RS A R Y
W LB Sk SR B R v VR UL e R v A i
A RS AT FE /0, PRI AR S0 DA AR 5 400 S0 £
K, ) PR L OB 2R X S R v R R o
21 L 225 5% 1) 78 AL A7 BF 5, LA A ARG S 0 38 2R 5 1
T BERR FE , o0 35 AL AP IR IR PR 6 7 Ml o

1 LBHBEFE

1.1 XWig&

SR AR IR 2 0 BE R GE W 988 VR — A2 R i rp 2R
BRAN A S Ak, WA 1 TR, A T BOR
R AR, b B, BCS — 196 AL A&
MRS R G, Wisr L3A T E R w
CCD JEAHAL, ¥ #H AT 2B - 196 ~ 125°C Py TR i
o 2 1R A B ARG BE T K 8 0. 01°C

P V2R P BRI TR, N B R S AR B
T, BTN AR SR A BT R o A o Y RO A
TR RGE W S AL I Al AR P
TG G 7 A K 5 DA M A A R R R RE N RRE T
0. 17 mm J5& /55 88 b, 35 3G il B A = B 4% 1Y
BRTINFATTAE b o AR BT RIE T AR 1 #
338 RT3 B 0 i OR RE v T 0. 1°C 4 0 Fi B 4% J 2 3
BT AR BORE B RAR A R B A 5, AT DA Ak HE o 2R

il

K1 R B RS
Fig.1 Cryomicroscope system
L.CCD HiARFL 2. HBE 3. 98 4. %A 5O 6. A
W7 NG WBEER RS 8. L

R o BRI SRR, R I R DL =
P FREE . TR PLIE 1 Linksys 550 8 i 8 A 92 56
Y8 A SCHTA A 40 T {5 o S A R R 500
%, th CCD MR MLIAER 25 A8 1k o

1.2 RIgHR

S BT FH B 21 B A A R I T R T AR K K
Ly AL W AR
1.3 SLH*

e WU A 2, ) 25 A 4G R, TS AR U R HLKE
AR AT R (R 190 ~200 wm) |, FFHC7E 83 A
b TR B R S L A A S A e, R
Vo A UL A A R O 6 A U R AT R IR A
T 11 3L P 0 R R YT, R e VR R A BN 2.6 .8
11,14 .20 .50 ,.90°C /min, F|F CCD f&H#L X} 41l g
B EAT 4048, A7 0 5 A 0 ¥ VR T A R 11 i
) A0, ] Tmage — Pro {4 X ¥ R — 52 ik ik 72 1Y)
AR A EAT 53 BT

2 ERGMW

2.1 BEABNLERE

TEVE VRIS AR P, 2430 B2 W 2 4 2 v LT, 240
AL AR IR I HE— AP A5 UK. AR PN ER ST U A
AR VK Bt i 2 4K 25 6 AR, D AN I 1, 4 48 Tk
it AN T I 4 BB R 4 ER 25 v O Ak, 20 O 2H 2 R0 2
AR ZE ok 2 ™ AR A i i e k. i KR & CCD
HEAHHLIA LR 6.8 (14 ,20°C/min [l 3 RN, 4 43
A0 R VKRR A A AR AN 1A 2 B, O TR T AR T
ZLZRAR 52 B A 4 A0 Y KR AR I X

FhT ] 2 7] 20 20 P K A P AT A i )
S BN/ Y UK i Bl Tl R IR A /0N B K
RERCIRY . T B4 oK s 47 103 240 A e T 200
i P S i A2 A8 O A i 1] Bt L A i R ) L
ik, 20 P 2 5 20 ot I ) I R 2 I ) A
o X R O 20 M 4 i g ik ], HH B T R R BT
PLEF T (Y 40 Mo P E e AR AR Y, L B R 5 ACKER



%
>
5

o4

55 1 ik

o VO VRS IR AR rp R A A0 B 2 A2 AL E T 213

2 0 A0 B UK K R
Fig.2 lce crystal growth pictures of grapes cell

AR 4598 — 5, il ad X 6.8 .14 ,20°C /min
AN [) A 1R 3T ) A A0 M 4 S R, BT DL R
FE 20°C /min B}, 45 & 76 40 Jf 1) B 1) 0% B R o o
e DRI I 0 S e R X A A AN A A N
2.2 HEMHBMNAREMTE

H T 20 B 8 VR 3 R e A P R K 1 B TR B
23 R A N BRI S PR B 5 K AR W, TR Otk Ak
FE VR 45 2 B o R4 8 B IR 0 40 i 0F A7 L 4%, S 56
R PR AV Tk S8 00 B8 T AN [0 4 R oK 6 9 4 28 4 B R A T
ML, LA 814 .20 50°C /min /N [] ¥ 5 5 6y 4] % 52
W gk EAEAT M, W 3 Bias o N T TR A i B 4
it B 2 R R AR A A, LR 4 10 T S B R
5P N — > 58 11 200 it 6 G

& 3 %L 8,14 .20 .50°C /min f) ¥ ¥ 4
A G & 08 A A 40 = T 28°C [ R F
= 50°C (193 Rl T A by B AT P B 2 1A R At
PR HEAT 7 % 40 M 25 20 W A, AR T IR R AN
X R TV VR A R e KR S A A0 M TR] P OR R
S AN BT AR TE |, IF HL i T oK 0 2k R i A )
BB i 1m0 98 35 T, 40 6L P 789 7K AS I 3 s 4 e e A
L, A0 R K A A, T A B AR AE /N B 3 RS
WMELFTE 8 (14 .20 ,50°C /min ¥ 5 0 T 20 g & 3k

P32 AN v TR AR I
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Tab.1 Freezing temperatures and time data during

freezing-thawing process

B RHEZ/(C -min ") 4E VKR C LKA/ s

2 -22.9 1527.00
6 -24.9 529.00
8 -24.8 396. 00
11 -25.7 292.90
14 -25.0 227.10
20 -31.1 177. 30
50 -47.9 91.08

90 -54.1 54.73
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Fig.4 Freezing temperatures of grape cell
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