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Research Progress of Cold Storage Insulation Box in Vaccine Cold Chains

Dou Mengke Liu Baolin Song Xiaoyan Chen Zhouqi

(Institute of Biothermal and Technology, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract One of the major factors in the annual loss of vaccine products is the failure of cold-chain transportation, where the most com-
mon piece of equipment used during transport is the cold storage box. The main factors that influence the performance of a cold storage box
include the heat-insulating property of the thermal insulation material, the cooling capacity of the storage material, and the design of the
thermal insulation packaging. This study reviews the research progress on cold storage boxes in the vaccine cold chain. The selection and
application of common insulation materials and phase-change cold storage materials for vaccines were analyzed, and calculations related to
the thermal resistance of the box and the monitoring of the temperature were studied. The research direction for integrated packing and de-

velopment of phase-change cold storage materials were also proposed.

Keywords cold storage box; phase change cold storage; thermal insulation packaging; vaccine cold chain; review

VA Ry — b i AR 24 5 | 3 o A A7 1t
T KERIP AL T 2~8 °CHITE IR A EE /D it
F7F=20~8 °CM VA PR T 2 o 2 5 A 8 T )
PEJENE AN T AT RO 5 T v s Ui B B AR I 5
UBEW SVt 2 o e o T e - REi01 21 D8 VAN
TERE T A 7= 38 Bl 2 22 18] 2 4 R0 B, 38 2R
PV Bz i 7 SO AR UE 3 B R L 8 W A o — bR
TRE] a8 G 25 R BE X A ok, B R s
KRB 2GR HE T ) A A RS v, i TR
1) Z2REVE , T BLAE Bh Z PR i 1 £ R E B A .
AL UK EAE

N [RIVA $i 15 4 R B 8 7 AT WA . —Fh ol 32
S, AR P 4 v A , X S 15 A AR B A AT LU
VR B BEAR A I 1 45 5 o — P Bl skl %, in &

Fe4TH . E R H SRR (2017YFD0400404) % BT H , (The pro-
ject was supported by the National Key R & D Program of China ( No.

2017YFD0400404) . )

i VOUEL R AE SRR Ve I AUl i I E A — B
1] N PR AR o ¥ 822 R P A shPIL i v L BERE R
SR I — il B o i o, BE R B, B i 20T 1]
ARV AR R T BRI B T v A M A 1)
R L ER AT A R MR, AT
IIE v ) A R e, A e i /At i AR B 2
Ko BVAR ARG — LA DRARAR R Z VR A
TS RAL M R R AR i B T H, B8
FHA 2T SRR MR 2R, E RO H
o P 5 o 3 ) v S s i 1 45

R A TR v A7 AR T Ve I R A, AR N
TR EE 3 AT AN 2 5] e Ve ik Az iy iV 5t B i v Y
SRR | AT 325 5 78 73 2 1 7 it AR, TEIE A . X
FREMVHE L B M 08, T. Wirkas 55 R UTE %

WS H 1. 2018-02-08 ; 15 81 H 4 :2018-03-07

— 135 —



F40%5 F2H
2019 £ 4 H

LR

Journal of Refrigeration

Vol. 40,No. 2
April, 2019

Lz e ENGE R R M W AR REE T I,
C. Monton 25" 37 1k 14 45 12 I VA W 0 SE A oA 3% B )
PKASKT VR B R G0 TR T Ve B o 27 I 1] 50 B L
BAEE, X T HATE R AR AT, BE R S
FERA 14% K AT, S PEHIAT 18 A2 2.
PRI R AR 42 (WHO) Bl B DA R
LU PATH) B 45 7 9 1 He b B v 4 2 S AH 24 1)
T EARR b R E S R R RN e, R A
KRG 2, AR 4z i B v DR UE S8 1 1932 iR
B — AN EPAL Y I, TR E R AR
REEP BFIT U R A B R IR I R S AR s
HAEFEEZEY,

AR SO AR BT ABAE AR O e TR
W S 7 253 ] N A 5 V8 TR v A8 AR 1
FERLAR , IE4G H IR A ) [ R R e J Ty )
1 RiBFAEIEZIT

PR R BT THE R 1 B R AR T T 24y
PRIRFE R PERESZ ZFP IR R Asg i Al 2, 2 AT
PRIRA B PR AL AV BT AL AR AR AR IRBE S
1.1 fRiEA

PRIBAT R — R4 S AR <0.12 W/ (m-K)
AR RE " 32 AR PR A S 30 R BIOR A% 3 R KL
20 fH22 90 44X, 36 [ [ ZE M 25 i K Jmy ( NASA) it
DRAUR AT AL PR il 0] L, i & T HA R A s B
RE A R Zs i P S8 J2 PR AR B v R el o
IR ARG P, R PR R T LR 2 N
FATFRRB R RE, X L T HAAR B, I X6 3 FH
WFEAT T U880, R. Froese &1 Xb FH -1 ffiz i 1) 58
IOIFIA IR AT TR, 45 SRR, i R
(1) EPS WA A LAA BRI R, oAb, B
TRIEMC SRR B AR R E T s R
W) T 25 A i, H R R

H a0 F i R A B A ROR 206 (EPS/XPS) |
T 5 SR SR (PU ) B = 26 AT i 46 1% P4 I 4 5 19 44
B ANER T . SRR IR AR R 25 A % R AR IR R
AR B WK SR TR b | A S
2, LR AR S S AR BT g 1 PR, 1
FHRIRATREES | N1 5% IR B AR R IR 5L, D B %
FEN SRR AL . TEARIRRE W o , i DA%
(7 AEAR AR BEAG 28 ; 35 V246 5 J] FEIPA B W] iy P e 1%
@ T A RN, M AE 12 A i v gl i = A A=A
DL BN T 5 A 0T A 5 AT T e B A R T A 0 B
A ER S 7= IR AT, DR AR AR A B 5 T BB R B
AEPEEST, S, Devrani 25078 i ST A5 24 HT R B
— 136 —

&3 Al L P07 AR R A B sTRk, P g b
51.43%, Hefilisok, ek F 3 2R AR B0/ B BH R
A DRAR AT R

=1 ERREMRASHRRY
Tab.1 Thermal conductivity of common thermal

insulation materials

PRI EL FHREB (W/(m-K))
25 0. 026
LR AR 0.061
FLIATROR 205 (EPS) 0. 046
BrARIK 206 (XPS) <0. 040
R LI (PE) 0. 037
KA (PU) 0.031
E N (PP) 0.15~0.18
[T 3IIRER 0.022~0. 030
FA R (VIP) <0.01
AR (GFP) RS R NEIEERIN

1.2 fEEHEITTE

h TR AN A S e T B RR IS LR A N
PBH A T A PR EL a7 S T S A R R T A
RUTT LS/ BB SE 50 TAE B Bh s T 5w s It
T, XN B R FE R BET R
HE IR A A, 1984 4F L. J. Stavish' ™ 5] A &
B R, P ABE A%, Ay S AR B 6 435 £ 2 b ek A B
R, A2 I R, S BESMSRIABE R, B
—FaARRE AL — b} AR A T B8 R fRT B Ry
AT RAHBE AR 2R SR« =Bl 45,
B2 EARR GRS, T & N —bf
BHY SR BO TR A B AT HHE 2 E A6 R
MEAEBEITEAR, LR EN A4 FMA
BUN, BA B B AR, DR A2 A0 L5 5
AN RS A S BAR TR EL 3 R AR T
B, HTEREREBE N ) LMk
2 B) ety 23 S AT ASRAS I i B 4ABH.

WRFH, M= TZEE <13 mm B, Gr<2 000,
Toias 52 o B RS aner | #8320 i e ik
i bkt 2 i) 25 K2R (< 10 mm) , 5K
FERARE P 48 565 5 6 T 26 AT, A A AR ]
PAERIENIE 1 7R, $H Ry, I (1) R

RW=21/\*IL.+;; (1)



F40%5 F2H
2019 £ 4 H

BREERERETNHRIER

Vol. 40, No. 2
April,, 2019

An | aln, & )

2f "2 (n-1)-1 n=14"" 1

thy ‘tha, "th, th,, tha, th,

B 1 s REEHED

Fig.1 Diagram of multilayered wall structure
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Fig.3 Schematic diagram of the combination of

storage coolant

3REEEREAR

HRAHT I 28 il 22278 o i A BV ) A9 A0 S KL
E P VR B AS ok PR AR A T U R L e
JERVRE L E 8l 4 DI AL AR s A
-, SER R TR A R s ik B A
TR P SRSV B4 I e AR T s Us ik 2 4%
FFER RN OB SR AR P N I 2 v Ve B
s AR S R AR AR

VS IR B WA TR A T2 A I (A IR AR s A S TR
FEIC AN i) -JRLBEHE 75 %% ( time-temperature in-
dicator, TTI) J&3& T W B A =7 [t B %) — Fb W05 00 % 5
TR RO A ] B2 AR RO, $8 7577 i
(AR AL D AR R TR A B AR A5 B TTI BAT TR
AR ARBUN B AR s [BICEE TR %
7 AT B . AR R N B ) KSR, R 2
F—ERHIZ, BRI RO JLAER B TR
KR, G A ORI SR AL T A AR R A



F40%5 F2H
2019 £ 4 H

BRETEREEREPHFRIHR

Vol. 40, No. 2
April,, 2019

BRI RFID R8s, At R s i 5, PRI
PRI A AR B s e R P S s A
WIREEAEERZ Y,

4 LS RE

ASCVEAN ST 1 2R VR R BT PRl e 1 O
PEOR M E VAR R s i R BT T R, A
FEORIRAT R 732 R s HTJUU) A6 PR BE 1330 g 7
FHAE AR DL R HOE FH S VA8 1 3 T
VBRI RS RERE, IR T F R A v B v AN ml st
Ve BRI B M PR PR . BER TR 255 T e Tt v
SRR AT K SR 301 , 92 ¥ V4 B 22 4 B R A i
g, MR 2016 A TT 14 (R v L 18 AT 2 A B
ZA) BHTRC 2 i 228 A BEALIE ) W TR v
SRR B A AT HE— P VA B, NI, R
VORIV PERE , SR v v Sz I (] HAT FE B0
S, BERPERE R ARIBIEEE T

1) X T & AR AR AR EELT m H TAR T AN
s, WIRLR G % B A MR = BB S A7 e R
ML AR, Oy Je Samt e fe it T ARG A LA

2) i B R B VA R ROR AR
B VAR AR T X, X T A RV B o I TR] A DRl
JFEATY SIS T Y o FH 23 )

3) TPR&EWRE W B e, ELE A A [l v
iz i R A A PR BAT B

4) BT RALT HEOR | ARSI A, 2 4R
SR VR PAIILIEE B4 ) M B i K 3 i ] 2 K ok f)
FEIT I

S2%5 3k

[1] World Health Organization. Temperature sensitivity of vac-
cines| M]. Geneva: WHO Press, 2006.

[2] LLOYD J, CHEYNE J. The origins of the vaccine cold
chain and a glimpse of the future[ J]. Vaccine, 2017, 35
(17) :2115-2120.

[3] wous, dhih, WECC, % MRER T AESR MR
e RN B[ ) ], BUARE MR, 2015(1) 1173
~178. (TANG Yuanrui, XIE Jing, XU Huiwen, et al. Ap-
plication of cold storage phase-change technology in cold
chain logistics of tuna ( Thunnus Obesus) [ J]. Modern
Food Science and Technology, 2015, 31 (1) :173-178. )

[4] SKEKE, MUETE, XITT, . AR EH A R R AR B
BRI (], ¥ 4, 2017, 38 (6): 105 - 110.
(ZHANG Qiuyu, ZANG Ruiqging, LIU Sheng, et al. Effect
of cold chain transportation on assemble-able cold-storage

incubator[ J]. Journal of Refrigeration, 2017, 38(6) :105-

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

110. )

WIRKAS T, TOIKILIK S, NAN M, et al. A vaccine cold
chain freezing study in PNG highlights technology needs for
hot climate countries [ J]. Vaccine, 2007, 25(4):691 -
697.

MONTON C, SUKSAEREE J, CHAROENCHAI L. Real
time cold chain monitoring of simulated vaccine distribution
[J]. International Journal of Pharmacy & Pharmaceutical
Sciences, 2014, 6(6) :466—-468.

MATTHIAS D M, ROBERTSON J, GARRISON M M, et
al. Freezing temperatures in the vaccine cold chain: a sys-
tematic literature review [ J |. Vaccine, 2007, 25 (20):
3980-3986.

M. PERTV BRI RGBT SB[ D], AR
FRHE K, 2014. (FENG Bin. Design and implementa-
tion of the vaccine cold chain supervision system [ D ].
Chengdu: University of Electronic Science and Technology
of China, 2014. )

HANSON C M, GEORGE A M, SAWADOGO A, et al. Is
freezing in the vaccine cold chain an ongoing issue? A liter-
ature review[ J |. Vaccine, 2017, 35(17) . 2127-2133.
KARTOGLU U, MILSTIEN J. Tools and approaches to en-
sure quality of vaccines throughout the cold chain[ J]. Ex-
pert Review of Vaccines, 2014, 13(7) ;843-854.
1AL, XU 2 WV BE I 25 S M R e it 52
B[J]. (E8HA, 2017(11) :26-29. (FENG Lizhi, LIU
Wei. Design and implementation of cold chain network real-
time monitoring system for vaccine[ J]. Information Tech-
nology, 2017(11) :26-29. )

VA A T ARELBOARE I : GB/T 4272—1992[ 8. b5t :
A AR S BR AL, 1992, (Equipment and pipe insulation
guidelines; GB/T 4272—1992 [ S ].
Press of China, 1992. )

JEB:. PR R e S5 AR BT[], AL T
i, 1989, 15(1):55-57. (ZHOU Xinfa. The selection

and design of cold insulation materials[ J|. Chemical Engi-

Beijing: Standard

neering Design Communications, 1989, 15(1) ;55-57. )
FROESE R. Insulating properties of styrofoam boxes used
for transporting live fish[ J]. Aquaculture, 1998, 159 (3/
4).283-292.

WRIF:, gk —. 25 v ALia b OR R4S 7672 8 h o 1
[J]. ¥ A, 2010(3):12-16. (CHEN Haiyang,
ZHANG Jianyi. Applications of cold storage type transport
box in cold chain[ J]. Journal of Refrigeration Technology,
2010(3) :12-16. )

Mo, Bopof. &% DRIBLAR I AL RE SR F 5T [ ]
KL E25YH | 2015(2) :43-47. (CHEN Ruofeng, ZHANG
Xuelai. Experimental research of heat loss on a cold storage

transportation container[ J |. Power Generation & Air Condi-

— 139 —



F40%5 F2H
2019 £ 4 H

LR

Journal of Refrigeration

Vol. 40,No. 2
April, 2019

[17

[

[18

[

[19]

[20

[t}

[21]

[22]

[23]

[24]

[25]

[26]

tion, 2015(2) :43-47. )

DEVRANI S, PANDEY S, Chaturvedi S, et al. Design and
analysis of an efficient vaccine cold chain box[ C]//ASME
2016 International Mechanical Engineering Congress and
Exposition. US: 2016.
V003T04A018.

STAVISH L J. Designing insulated packaging for perishable

International Science Press,

in vivo diagnostics, medical device and diagnostic industry
[J].
(18):105-108.

FHOr, BRZE, RiRE, 5. ZREZAMESRRK
T L AT [T]. T K= i (AR RR R
2000, 14(3):258-260. ( WANG Jiaofang, YUE Xianjun
SONG Shuzhen, et al. The research of determine method for

Medical Device and Diagnostic Industry, 1984, 6

the thermal conductivity of many multiple matreials [ J ].
Journal of University of Jinan ( Science and Technology) ,
2000, 14(3) :258-260. )

JRGHERR], JrBiE, KL =BINAKE G A5 ORIRAR AR
A B SRR PSUR IR T]. B8R Tk, 2015, 43
(7):121-124. (QI Yanli, FANG Yueyun, ZHANG Jun.
The test of thermal conductivity and the verification of heat
insulation effect of the composited heat insulation device
[J]. China Plastics Industry, 2015, 43(7) :121-124. )
CHOI S J. Mathematical models to predict the performance
of insulating packages and their practical uses[ D]. US:
Michigan State University, 2004.

CHOI S J, BURGESS G. Practical mathematical model to
predict the performance of insulating packages[ J]. Packa-
ging Technology & Science, 2007, 20(6) :369-380.

GE Changfeng, CHENG Yujie, SHEN Yan. Application of
the finite elemental analysis to modeling temperature change
of the vaccine in an insulated packaging container during
transport[ J ]. PDA Journal of Pharmaceutical Science &
Technology, 2013, 67(5) :544.

FHHEEE, T3, Mo, & FRRBE RrEUER
ML HEFE[J]. ¥ 224k, 2016, 37(3):29-34.
(TIAN Jinjin, ZHANG Zhe, WANG Huaiwen, et al. Nu-
merical simulation and experiment research on cold plate
melting process [ J |. Journal of Refrigeration, 2016, 37
(3):29-34.)

AN, XM, KRBl —Fop % w6 AR ALY
B SIEERUE[ T]. Hl¥%2A, 2014, 35(4) :108-112.
(XIA Quangang, LIU Baolin, SONG Xiaoyan, et al. De-
sign and experimental verification of a new type of refrigera-
ted vehicle model [ J]. Journal of Refrigeration, 2014, 35
(4):108-112. )

LIAO M Y, YAN Z S. The evaluation of coil ice storage air
conditioning system[ C]//Cryogenics & Referigeration Pro-

seedings of ICCR’98. Hangzhou: Intemational Academic
140 —

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

publishers, 1998. 258-262.

LANE G A, GEIGER W E, CONNELLY N G. Palladium
(1).  radicals. Electrochemical preparation and study of
their reaction pathways[ J ]. Journal of the American Chemi-
cal Society, 1987, 109(2) :402-407.

IERRIE, o R W SR R ) (IR A2 Al [ ],
AR 1994, 15(4) :58-60. (YING Tiejin, CHEN
Zongliang. Simulation experiment of fresh fruits of myrica
rubra at low temperature transport [ J ]. Food Science,
1994, 15(4) . 58-60. )

ABHAT A. Low temperature latent heat thermal energy
storage ; heat storage materials[ J]. Solar Energy, 1983, 30
(4):313-332.

KIS, BRI E R R & Rk Re AT [T ]
U3 T/, 2012(23) :40-44. (ZHANG Yun, QIAN Jing.
Preparation and performance analysis of biodegradable ge-
latinous refrigerant [ J ]. Packaging Engineering, 2012
(23) :40-44. )

ARG, TENFRIR TP PRz fa A TR B B 5[ D). dE
E’:{Jﬁt‘ﬂéﬁ%, 2004. ( LIN Han. Temperature managing
method for cooling transportation of cargo without inner
thermal source[ D ]. Beijing: Tsinghua University, 2004. )
SEYYEDI S M, DAYYAN M, SOLEIMANI S, et al. Natu-
ral convection heat transfer under constant heat flux wall in
a nanofluid filled annulus enclosure[ J]. Ain Shams Engi-
neering Journal, 2015, 6( 1) :267-280.

KHODADADI J] M, HOSSEINIZADEH S F. Nanoparticle-
enhanced phase change materials (NEPCM) with great po-
tential for improved thermal energy storage[ J]. Internation-
al Communications in Heat & Mass Transfer, 2007, 34
(5) :534-543.

[RME A, BJEFE, Xk, 5. ALO,-H,0 K EH R HEH
RRCRIEZ RN [T]. % 54k, 2017, 38(1):73-
79. (DI Qiangian, YANG Zhaodan, LIU Bin, et al. The
influencing factors of cold storage incubator with Al,O;-
H, O nanofluids by orthogonal method [ J]. Journal of Re-
frigeration, 2017, 38(1):73-79. )

WROCHh, Bogok, B, SF. R B IR TRLAR 8 B4 L BIF
il RILAE T R A TR [T]. % 524, 2017, 38
(1).:68-72. (CHEN Wenpu, ZHANG Xuelai, HUANG
Yan, et al. Sodium formate as low temperature phase
change material in cold storage insulation box[ J]. Journal
of Refrigeration, 2017, 38(4) :36-43. )

WRICKR, Feeoke, THRZ, 4. Z5PR - 1E ¥ IR IR AR 22
FERFRG & AR IAERE [T ]. 1794k, 2016, 37(3) .
12-16. (CHEN Wenpu, ZHANG Xuelai, DING Jinhong,
et al. Preparation and cycling performance of capric acid-
caprylic acid as cold storage phase change material [ J].

Journal of Refrigeration, 2016, 37(3) :12-16. )



F40%5 F2H
2019 £ 4 H

BRETEREEREPHFRIHR

Vol. 40, No. 2
April,, 2019

[37] 2B, XEF-, e, 5. 525 A& R BHE o i i
[J]. 24, 2017,38(4) :36-43. (LI Bei,LIU Daop-
ing, YANG Liang, et al. Research progress on thermal stor-
age materials with composite phase change[ J]. Journal of
Refrigeration, 2017,38(4) :36-43. )

[38] Fumsik, skun-F-. &G AL PR 2 ) i S R AL
[J]. fb T A4 L, 2016(2):189-191. (YU Qian-
gqgiang, ZHANG Liping. Preparation and characterization of
composite phase-change material microcapsule [ J ]. New
Chemical materials, 2016(2) :189-191. )

[39] Wimg, skif, #H, 5. XGCKAH AL BB %5 5
WA R BBESEL T ], AEORMITSE A4, 2015, 29(2) 1135~
142. ( SHANG Jianli, ZHANG Hao, DONG Li, et al.
Study of influential factors in double-shell phase change mi-
cro-mano capsules preparation[ J]. Chinese Joumal of Mate-
rials Research, 2015, 29(2) :135-142. )

[40] BTHT, Z=VLHp. REARRCALEE 4/ bt/ R (S-MMA ) fif i

TS SRR # S FAERE LT ). W2 T4, 2017

(1):71-77. (WU Weili, LI Jiangkun. Preparation and

thermal properties of silicone rubber coated octadecane/ poly

(St-MMA ) energy storage microcapsule composites [ J ].

Polymer Bulletin, 2017(1) .71-77. )

MATSUNAGA K, BURGESS G, LOCKHART H. Two

methods for calculating the amount of refrigerant required

[41

[

for cyclic temperature testing of insulated packages [J].
Packaging Technology & Science, 2007, 20(2) :113-123.

[42] BARBH. Z—r3v—F )L FLI]. BMHREHEA, 1988,
17(14) . 40-48. (SUGIMOTO Masahiro. Supermarket re-
frigeration [ J ]. Food Circulation Technology, 1988, 17
(14) :40-48. )

[43] ZEERE, BRiglz. Vo2l il By VR G B A L2 24 o o 7
H i) By R AL %% 7 15 CN103818652A [ P ]. 2014-05-28.
(LI Huiqun, CHEN Yuanyuan. Antifreeze packaging for re-
frigerated medicines and antifreezing packaging method for
medicine during transportation; CN103818652A [ P J.
2014-05-28. )

[44] MRS, ASCR, BH, 55 B REEBOr X2 PERE

S SEIRT ST [ C 1/ b R Ve o 2 8 B R H R
GRS REES IO A [ iRt R, Kb hEHNE
%2> 2004. (LIN Han, SHI Wenxing, ZHAO Bin, et al.
The experimental study of affections on the cooling keeping
properties by different stack type of cooling storage agents
[ C]//The 17th Group Membership Conference and the Sth
National Conference on Food Cold Chain of Chinese Associ-
ation of Refrigeration. Changsha: Chinese Association of
Refrigeration, 2004. )

[45] L, #ULIE. W HEEZ f A2 A CN203410817U
[P]. 2015-10-28. ( LIAO Peizhong, HUANG Hongtao.
Cold chain packing boxes: CN203410817U[ P ]. 2015-10-
28.)

[46] ZWEHE, PRAF B, — b £ JELAR /K : CN206050515U [ P ].
2017-03-29. (LI Huiqun, LIN Mengyuan. A kind of insula-
tion box; CN206050515U[ P]. 2017-03-29. )

[47] RIR. FTHEHHERSHY RFID IREEIC I D].
B e R K AE, 2015, (WU Zhao. Design of an
RFID temperature recorder for vaccine cold chain systems
[D]. Wuhan: Huazhong University of Science & Technolo-
gy, 2015. )

(48] HHAKSE, Wifdh. W -GRERR & (TTD i & IR [T ].
B AL, 2009, 36(6) :50-53. (TIAN Qiushi, XIE
Jing. Review on the development of time temperature indi-
cator (TTI) [ J]. Fishery Modernization, 2009, 36(6) :
50-53.)

BIEEEEN

XM, 5 B W, DI TR BT Al 5 & S 2= e,
(021)55277768 , E-mail : blliuk @ 163. com, 5% )7 [ . &5
VRV IR AR W e o v S AR TR

About the corresponding author

Liu Baolin, male, professor, Ph. D. , School of Medical Instru-
ment and Food Engineering, University of Shanghai for Science
and Technology, +86 21-55277768, E-mail ; blliuk @ 163. com.
Research fields:food freezing and cold store, cryobiology, refrige-

ration and cryogenic engineering.

— 141 —



