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Effect of freezing rate on some structural parameters of carrot cells

WANG Peng-fei, DI Qian—qgian, LIU Bin,ZHOU Xiao—jing

(Tianjin Key Lab of Refrigeration Technology, Tianjin University of Commerce, Tianjin 300134, China)

Abstract:In order to study the effect of different freezing rates on the cell structure of fruits and vegetables,the
carrot tissue samples were selected and frozen under different freezing rates respectively. For both of the
blanched and fresh carrot tissue, the relationship between the freezing temperatures and the freezing rates was
studied. A cylindrical model for plant cell was established. With this model,the cell volume,turgor pressure and
permeability coefficients were calculated. The results showed that the freezing temperatures of the blanched
carrots were lower than that of the fresh ones,and the freezing temperatures decreased with the increase of the
freezing rates,the cell volume decreased as the turgor pressure rose,and the development tendency of the
volume increased at first,then decreased when the temperature dropped. As for the permeability coefficient, it
decreased with prolonged freezing process and its changing amplitude also decreased as the freezing rates

increased.

Key words: freezing rate;carrot;cell structure; cell volume ; permeability coefficient

FE 4 %S . TS255.1 X ERARIRAD A
doi; 10.13386/j.issn1002-0306.2015.10.017

TR R i KA TR —, &
(] A A 3 VR o i 1 L 1 T B AR 214 %2 SR T,
PR ZK R U 277 B S < UKL A5 1) S A k), A
ez b LA, AR, AR AR P
TS T EE R TE S, TR R AE T 41 i 45 4
TEZR G RE TP R LA T 3L IRl I i 2k 4 03 1)
G gl o &5 M AH S S Ol S A U A . [
HI > & 823 AT 9T 5 8 08 SR e v ok 2 v 4 i 4H 28
I AZ AL TF i T 45 T WF9% . Maria Paciulli, Tommaso
Ganino 45 206) 12 54 | PU 2= G 1 7 #7771 45 1B i
ZH LU K S 20 MO B 435 ) A2 TF A5 AH 5 4l il 465 44 2 %40
MR AT T LB F 9T« Sophie Chassagne—Berces
AT O] Y i S BRI — B 2 2R 3 53 £E 20 —80°CAIK
GV =P S A N AT IR, 15 3] =R S F TR b
I, L 7K 73 40 M B 20 Bl S ] s e ) T2 ) i A2 Ak, JF
AR SEMOGS I 4 [ &5 oK B B 3E AT 17 WL 52 0 3%

%5 H #3:2014-09-10

X E 4 5:1002-0306(2015)10-0125-05

o R G M van der SmanZEPI%G £ 5 A AR WA L 35 14
SRR UK E A K AT TS SR K e AR K SR
S b 4 i AL A E S A AL . WA BERYL . i R %
A5, R AIRAE, LS B ZUAE 43 AT 9T T 3R v 8 LA
JEEZ AR ER T2 BRI S b RS A B 45 4 DL K
JEAREPE R s oS, DA A I R ol R SR AN
MBS BTN UK T il S A PR 3L T S Sr 3R
MAEE S, AHT AT & AR N R 51805 R 5
S A0 MY 65 44 A8 A0 11 S 20 9 e 2D, HOANRE S i 3
R FE P Al o sh &8 . ARSCLUEHEY b S ih 5t
G, T W ALV G T B S A1 S S AT O &
i T4 (1) R A H, ) R R 5 T R AL e sk
R i ok T o 4t i 40 2N B A AR A R S I FR R A
2 M 1P AR A A 00, 5 S X3S 1 i 5 4 2 ) AR AL R
FRHEAT T T ST, LAy SLEE 0 0780 1 42 AL A 5 1 21
A -

EZB AN Zm K (1989-), 5, FEHF 50 & BT 50 77 161« kit A2 P o R A 38 R AL,
E&WE . X F T4 X325 B (14ZCZDNC00016 ) ; 2 F 3F & E AL ah#F 70 #8557 B (21109)

20155 £108 125



J@étﬂ@l’&

Scence and Technology of Food Industry

1 #MRlEA=E
1.1 R 5

S ST BRI T UM R AT KN
— .

BX51 % Z4EE Micro Publisher 5.0 RTV ‘2 458
HEEARNL A SR #k 20 <5 4, 4% 18 425 Sony
ICX282 Progressive Scan Interline CCD, 4y HEF2560%
1920@36bit; BCS1961[Li & 9% [E Linkam Scientific
Instruments , & % S5 W B YE ] : —196~125°C, In#v
A URIEE : 0.01~150°C/min, W4 A5 5 : 0.01°C; VT1000S
WPBN VI AL #EE Leica Biosystems, JRBN 2 : 0~
100Hz, 3 JJ i & : 0.025 ~2.5mm/s, P i : 0.2 ~ITmm;
DC—4006 R TEIR /K i T BT Z AR R 7
PR 2 H], —40~100°C, £0.1°C; B4 4b #E 51 AF Image—Pro
PlusflAutoCAD.

1.2 XWHZE
1.2.1  MREIACEE BN S I R N
FAVE 7K peid, F ) A VI 2 lemx lemx lem () N7
AR RFEA . HAFEAD) VUK D REAS D) il )5 B
S 60wm IRV, K D) i T 3% R 4R D R R Ak B
1o HIICAT TR, 78 RAEE TOWEE, 128 Y HEVE T
b ) A M0 56 A HE SR P bR A FH o BORT I 56 4 1) 15
W, W AKREEE, UIBcn EAEAS, )5 E T 90°CE dit
KA AN P AT Imini3E 22 A 21, FLA AR ET P IR [F] |-, A
AR AP .
1.2.2 @RACIE S BRI S BIR D) R br A ) 5
BT BRI & W TR SR, IF
UL B AR LR S S 4 S R AR R S R
R AR AL 0 o Hr, TR SRR 3R 43 ) I T 3. 64
9.12.15.25.50.80°C/min.
1.2.3 A &s ks BEmAs B BRI %
AN M I R SRR AT IR, AR BT B R A Bl sk
JALYAR B ) T 22 1 i B o AR A SCHR[9], 4l it 2H 2R 45 vk ik
FR oA S0 1k A5 W S AR I, T 00 5 4 e 4H 21 B
IE PR T DA B2 W v 25 0K R i s .
1.2.4 IR FIFI N RIS R A Image—Pro
PlusXyf Ik W1 B R b AT 5 AR 2R, ] B3RS Wil ]
G Al Bo T A o AU A, J Gk SCRR[ 106 ¥ 2
41 B A 7 BEARA AR 152 . HHImage—Pro Plus# 4 1] H
FESRAGFHAEY S 41 B it = 2~ 1 T AR, ) A R A A4 O

A1 T AutoCADZRH AL PR A1 Bl e 2 LE
Fig.1 The acquisition of height—diameter ratio with
AutoCAD software

126 o155 %10m

MRS Wit

F 2 w4 kS HARD, S H, AR A A 5 A
AV R AR .

T3 X 40 M0 () PN s A8 Ak, BB 41 it T 32 44 17 3%
Ay 89750 5 I8 ] bl SRR AR A2) 40 i P9 s FD o 5328 5
VST AT P s A2 A -

__ hEAL .
AP= R D 2 A

Horp, h—4I M BE L RE (m) 5 0.125%10m; E—4I]
o B B PR AR (N/m2 , 2.67x107N/m?; Al—41 it 4 K
AR =2 (m) 5 y—4H U B¥ K] Poisson Lt , 0.33; —H] 4fi
AL EAR (md s R—ZBTE 5 gl ML 1 142 () o

FH 1 4 0 R FH R AR AR 28, B 52 T A FE %, WX
TP AR R A T SR Y B AR de SR SR AT 5

_ hE [ D¢tHy, _D+H
Ap= 1—° {DO-HO D-H} A

Forpr, D78 &5 30 B2 TT 4y 5 200 1) 4 i 130 A 44 B
A%, Ho— R 85 TR T U6 I 20 1 40 ML IR AT AR R o po=2%
10°M, QAT THEAS AR ADIRES N 4l i N TR B p.

1.2.5 AMiziE REONTHEL A A B K o3 AL i R

O RP2E 2O Tl sk v A
Lo 1 AV
"APWDW-P] At

K, L3 B E (m/Pa<s) s A (O—4I f I
A (m® 5 P O — i 248 I 11 P9 A (Pad s P—I

SR T 48 I 220 1 40 P T A (P w—éﬂiﬂ’@ﬁl?

A
HE B IF AR R I B (mYs) &

XA A R B IE REGHAT 2 WA, v 1S
U2 IT R BBEN BE AR A . 54N, 7 41 R H 4
i 5 e 3 BRI, AN PR IEAT 41 B /S P9 L A 7805
EL R0 o R
2 BRESW
21 EERFERIHE NAMESSEEEN RN

43 1) DL IR ¥4 33 %R 24 3°C/min (1% ¥4 F150°C /min
GV IR 5 S WA A A 4 S 136, B T 945 38 25 500) i)
BN YIRS S TE R B2 R .

M 2T 50, 1 5, ¥ 45 IR Al A RS — AN B
T AR I (74 A O H 2 A1 B TR) B0 49 5 3 i T - 4
UK LU R 41 MO B 300 5 K AEASE AR A AT A e 2B S & 2
T, BEN B 88116 2k e vk b BT 2500 R, AN 2
1 T VR 45 I S PRV 4, T V) AT R T A S R R s Kk
AR AR AL CRIY R P G 1 3 TR A9 48 4 AS TR |, 3X
S TR S AE 1S AN B AL 2P A e K G R T
A, 4 i RE 52 0 R AR AR AR T EAE T T4 5 TR, AN
I P i 2 4% 34 X1 L B 40 P 3 i G TR [ )
HAD AN R AG 5 18 3145 45 A Ll R 3d v &4 #1525 A3 41
TEAS G 70 R A2 TR 28 Ak IR SE VR L TR B AN
JHI) 2> o 3 T2 RN, 40 A7) BR 1) 7K 53 5 4
UK, WIS AT i P 30 A2 S, AR UK R A R N 1 E T
AN A, Ak HR A T R A AR A s i B AR BT, Al i TE) [
FULn {958 LT[Rl 45 0K, ELOK S 4n 70N, 40 o e AN 2
RAERMTEAL . X5 SCHER[ 133 1 Y £ il 2R 45 1L f
H UK R R B e — 2. AN, B R bR B ] ok
> 3°C/min I 41 41 2R 45 1 [A] S 50°C/min 1K) 11 £i%

2 3




ﬁ.‘%:im}iil

K2 W ARk a R B A
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