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Variations of Thermophysical Properties of Cucumber Fruit under Different Low Temperature Stresses
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Abstract: In order to estimate the thermal properties of cucumber under low temperature stress, we measured the thermal
properties of cucumber fruit stored for varying times at 2, 5, 8 and 11 °C, respectively. The experimental results indicated
that chilling injury appeared in the cucumbers when they were stored at 2, 5 and 8 °C, but not at 11 ‘C. The mass loss of
cucumbers gradually increased during storage, while the specific heat capacity decreased due to the water loss. The inflection
point of thermal conductivity in cucumbers appeared around the storage time when its chilling injury occurred for the first

time. This study showed that there were some correlations between the changes in the thermal properties of fruit and its
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biological tissue injuries.
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Fig.1  Chilling injury index of cucumber fruit under different low

temperature stresses
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Fig.2  Changes in weight loss in cucumber fruit under different low

temperature stresses
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Fig.3  Changes in firmness in cucumber fruit under different low

temperature stresses
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Fig.4  Changes in soluble solids content in cacumber under different

low temperature stresses
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Fig.5  Changes in freezing point of cucumber fruit under different low

temperature stresses
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Fig.6  Changes in specific heat capacity at 20 C in cucumber fruit

under different low temperature stresses
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Fig.7  Changes in thermal conductivity in cucumber fruit under

different low temperature stresses

I 7 AT, A R A I 3085 2% 1R T B TR sl 3
B e R AE K P AR AR AL, 24 5. 8 C AL VR R AE
B A I T R S AR A A T s, HoR R SRR —A



180 2015, Vol.36, No.22

E6mild=

PEBRAIE b, WL C Bk 1 T i3 AR T e E A8k
FEARHE . B AR EERA0S3 W/ (m+K) , F
LRI, 20 5. 8. 11 CIs &4 1E T i NI S 2 43 1)
H0.45, 0.46. 045, 0.54 W/ (m * K) . &R, ATk
I B TIN5 38 HS I 38 ) R0 45 s () R 18] 5 7] 0004 55 HE B A
I3y — 3, S0 3L S DR AT A A2 TN SR S AR 52 274 S5 A1
Je, AN AR R AR T RIAR R ER R A A R
RASEAS,  [FIN EAGAI AR IR 80T R A R sh r 5 e,
T 5 B R 2S5 R AR T R 4k, gl TIVE R R
AT

3 SR

SEUGRM], WNAE2. 5. 8 CARIRIT 41 I
W AERE, YIRHIAERE 35081, 4. 8d,
MR SR CH&AT, BRIFRHIAE. AR
((SPBULES % 3 o S WIIN ViR = a6 i T B0 = ] vl G Y |
2B BRAR, RRRK S SRR & E R
TEASEE, Fr AR A S 850 T Seit b 3 TR S (0K A pE
e B 0 T 5

TEARIRIE BT 26 AN, 35 TUR R 2 b 1) o i 2k 3
Se FHELIR IR A F AN ZE B 1R S 8T AR e B+, [/
SRR P AR R A R B TR YRR 1, BRI )
7 ) B R AR i v& B, LR IRAE RN 28 1 1 P A
AR, X AR ] — X, A R 4%
AT 1 J5 B A5 2 SR B R PR D T v AR R (1] ) 2B K
MAERER, 2. 5. 8. 11 CEUMFREIR KL K
3.17%. 3.6%. 4.26%. 5.12%. FricfiE )KL ~3.93 kI/
(kg « K) , HIF52 250 (8] 28 AN W R K IR i, 3%
JRH L AT T PR A %y, B SEI0 45 2, 5. 8.
11 CRAM LA 7 H3.81. 3.79. 3.76 kJ/ (kg * K)
F13.73 kI (kg KD 5 T2l B R Ll AV T o 1A s P ek
N, XS EKE A

AN FARG I T 5 A T 2 TSR S A 5 2 2 o g (1]
PR ARk, Hr i B A3 280,53 W/ (m = KD
EIGLERIN, 2. 5. 8. 11 CI skt T B M G %
45750.45, 0.46, 0.45. 0.54 W/ (m + K) . HJN#HF
KPR 5 5 HANRA FE RO ROy — 2, JRE AT R
TR S Z FIA ERT G, AR mAEmE AT
AHAR, HRAE FR R AS ) B AS AR, [ AH AR i 5
BT RA R A Ak, TS B R A A R R A
TN, ShRAREEIRAE TR XN T — BT
VA BBUR S VA R R AR M S S A 2 B R 1 N A
MIFE A G5 R 158 RAFTE, DA A B SR IR A S48 AR 1)
W SR AL A sL i 2% .

%3

[1] IBA K. Acclimative response to temperature stress in higher plants:
approaches of gene engineering for temperature tolerance[J]. Annual
Review Plant Biology, 2002, 53: 225-245.

[2] CARSON J K. Review of effective thermal conductivity models for
foods[J]. International Journal of Refrigeration, 2006, 29: 958-967.

(31  EHF, HISCE, RIFR A, &5 IR SR AL S 0T et R 1]
AL, 2010, 35(1): 72-80.

(4] B, A, BEREE, A AU BRI 25 R 2 )]
8 Tl RHE, 2014, 35(2): 105-112.

[5] YANG Hugqing, WU Fenghua, CHENG Jiyu. Reduced chilling injury
in cucumber by nitric oxide and the antioxidant response[J]. Food
Chemistry, 2011, 27: 1237-1242.

(6]  VERESE, X4, BEL0E A5, AL BN B TUIRIR e JsRs 5 (1 2 [ 1],
B DAY, 2015, 36(2): 343-348.

(71 Fr5aE, UK, &AM, HALIER 2 A F LA B R s [].
iRl 2003, 24(1): 131-135

[8] P AN BHGEGAT. GB 5009.3—2010 i HizK 4l sz [S].
B R ERAE H AR AT, 2010.

(9]  EEREE, LR, BN RECRE A AL SRR S (M), b5t
R 2 Tk th Fgtk, 2007: 9.

[10] R S8k 22T S, dbat: 465 Dl kL, 2000: 9.

(11 #boR, THERK, FMENE, 55 BETRRRK S Z2 i i BaE DI E ).
M EHEREF S 0T EL, 2004, 2(4): 45-46.

[12] sk, BEUE, Wi, 55 RS SRR RG], Rk
WU, 2006, 7(1): 90-93

[13] 3K KA, SKTEA, 5. A i T AR IR 2 1 S 30HT 72 [0].
TR AR K 22441, 2007, 41(6): 680-683

[14] PAULL R. Effect of temperature and relative humidity on fresh
commodity quality[J]. Postharvest Biology and Technology, 1999, 15:
263-277.

[15] RFE%, JEaral, AR, 5. 72 R ZK S10 40 #0f K J5 i 15
LSRR (KA. R RL2E, 2015, 36(2): 204-209. doi: 10.7506/
spkx1002-6630-201502040.

[16] ek, 1%, AL, KRBT I A 322 0 BT A BT e 0]
AR, 2007, 28(2): 322-326.

[17] 200, Ty, JA . 5 AR SR LI A AR Al S AR SR bR ity A2 AL ).
RN, 2013, 34(12): 341-345. doi: 10.7506/spkx1002-6630-
201312071.

[18] WANG lie, LI Lite. The correlation between freezing point and soluble
solids of fruits[J]. Journal of Food Engineering, 2003, 60: 481-484.

[19]  #hEA, 5k B oidE, &5 Rk 5 AR SRR b ok R BT 7L
0. i R, 2011, 32(2): 76-78

[20] SWEAT V E. Thermal properties of foods[M]. New York: Marcel
Dekker, 1995.

[21]  HEE. B RAEEEIMI. dbR: JrE R Tk H A, 2005: 5.

[22] akfE, AR, Bk, RELAE MR E R &aEE, 2011,
32(11): 9-13.

(23] TS, P E BRI ORI 2R R, 2004,
32(5): 1003-1006.

[24]  EWE, BEAR. S DU R o A O R A ). £ R,
2012, 33(8): 366-389.

[25] MAHAJAN PV, OLIVEIRA F AR, MACEDO I. Effect of temperature
and humidity on the transpiration rate of the whole mushrooms[J].
Journal of Food Engineering, 2008, 84: 281-288.

[26]  HEE, skig, #A0M. VKOKTIYS B 5 B X 7 T 5 it 5 50 ).
aah kL, 2013, 34(24): 279-284. doi: 10.7506/spkx1002-6630-
201324058.



