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ACELEL 2R, MRRRAE AN, BEER AN, MR A
T WERR AR SR, KR 6000, R4
e el . ARy, 4 DY 482 Triton-100. AR
WERIR, 30%id A IR MER; S
1.2 UEEEE

TR P SRR 2 R A — R TIA L (D, ERK
77 b DR AR HORI FE 0 ORFE) B ], 28R A e i A
160 m? 4 XK 4~6 mvs, T 2.2 kW, K 20 000 m*/h,
FRTRA B TEAEEL 6 hy ALK EE & ATE 5t H
AbFERE 18 20~30 t; A HIIA) SRR K B R AR T 2.8%.

‘Evaporator
ZEEXAL
; Forced-air fan
N\ SRBEE 5 Fruit and
N vegetable products
\ =N 5 'Z:

A7 High pressure area
" fE KX Occlusion cloth

Low pressure area

Bl RFEEZERAVLNERE
Fig.1 Structural diagram of high-humidity forced-air precooling
machine of fruits and vegetables

1l SENSSUN HFFF ( Ll RIEREIRA D |
3-30K A B O HL(FE [E Sigma A 7); TAXT.Plus 4
PEAY (FEE SMSAH]) ; GMK-835N BRI E AL (5[
G-WON A #]) ; UV-1780 K 4ha] Wy Wit (HAL
A#AFD 5 PBI Dansensor B (FHEEFHEARD 5 &
A 2010 SAHEREN (H AR EAF])D 5 SSN-22 iR id
AL GRIIF AT ; Trace DSQ GC-MS < AH 1 - i
B A (EE Thermo AF])

1.3 WREHE
1.3.1 Asariz

Poik Kb —F. REE A oW S E R
FIPEEA S, 1528 IR AT A Ab B . A6 1R T &
N 6kg, ARG, AMALESEEEIFILO, N 10 C
() VA 2 A . VAR 4 d B 1 IREE, RN
BEEWE 3, FHECFIIE.

T BRI AR LR & R B e 5, IO 1 i T
B, H PR RE RN, Sk, M sE
DR PR R, AR TUA RCR Y —, KRN
W ALRIAE R BT R 4 2 2 81, FRRACER N 24 F .
1.3.2 MERE

FaiRi il 28 . fd ) SSN-22 iR A0 R4, R EHE N R
SEPYER, 0P R AR, A 10 CIEECR
WA, PR S R, SR )5 Origin.5 B AF (i H 7t
TSR

IR % 2% (respiration rate) : 2% g M 7 ik,
FH 5 BRI 5 PR
1960 VN
0=
mt
A O AR, mg/(kg-h): N N T EALBRIAR 3 HL
%; VBRI (PR AR — SR AR), Ly m JFEd
i, kg: ¢ AICERE], h; 1.96 NARHL T CO, EER
i 5 EE R L
ZIEA E R (ethylene production rate) = HURE 7772
A bo JBCE 3h, S8J5FH B ENE Sk 20 mL, &4
ACFRHEL 34, FH 8538 2010 UM A E . K TR
bR,

D

VN
Q_ZOmt

K Q NCIEWERGEZR, ull(kg-h); V NESEF(T

PRA R — R AR, Ly N NZIEHIERS 8, ul/L;

m NIRFEF R, kg; ¢ ARIGERE], h,

REH: GMEERE AP, FIH BT,
W FA TG e FE i R R, AR %,

fEE (firmness) : I P2 3k (=2.0 mm) %} 7§
B PTHEAT SR, AT Ay 5.0 mmys, lEGE N
2.0mm/s, FHIEREE N 10.0 mm, EEIE 6 RIS
YIME, BA74 N

4% C (vitamin C, VO & %05 kM
TrE, RN 25mL) , #f7N mg/100 g.

4% (chlorophyll) #fe: S Mk I,
HRVEES . FHRE NS 0, %E HAE 652 nm 4bf
WEEAE, B 3K, BCFIE . 4R RS A8 mglg.

75 % (malonaldehyde, MDA ) & . % i 3 jjg '
L7 REUFER N 59, TN TCA HIAFA 10 mL) .
g HAE 450, 532 A1 600 nm ALFIWOGE, EEME 3
W, BCEYIE, MDA & &EHALE umol/g: .

i EALIEE (peroxidase, POD) iitk: 23y pe™
SR T E , HEREVEE M. POD i Mk AEE To R b (6
HD) PO AR EIE N 1 1 AT SRS
PEEAL, N Ul(min-g).

WEA AR (catalase, CAT) MIHdA L EE 1T A AL 4
fitf CAPX) JEMERIMGE: 225w g M i 7 ki E
CAT 5 APX iE T LA it i (BEED) RR4r IR REAR
1hi/b 0.01 4 1 ANEEEHERAL, Ul(min-g).

7S 4 (aroma component) ({3 5E : Kl HS-SPME
Fl GC-MS I 20 52 VG i 75 B SO 4y, AR D T AR 2
BRN, HBAH%.

1.3 HIES

181 Excel F1 SPSS #4147 54 kb A 77 22 43 4T,
P<0.05 R-ZEREE. TERKWES 3 &, ffH
Origin8.5 B AFAFE .
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SRS ORI R . AR HAR S N-3 CHE, A E
B b S R, 16 CTAEE 8. HItnl WL, i
A JEE (1R PR TR ARG ) T 44 R A T ), 8 e A R

ME 20 FTLAE H, TA R R, RERERE. A
TR0 %5 b HR 2H 1 R E R AN 0.75 %, H-3. 0813 C
THRA AL FRF R B R AE AR 4. 8 Al 12 RIFAAEERE
PEZES (P>0.05) . 6 CHIA M KR RN FE— i
TR =Ko

AN [ P TtV W B () sl DL ] 2¢, % A3 A Y Al
FE 2 HUERET R RS . I A R SRR IR e AL
R f AR SR e P M A SR, A s AR O Hrp o C
TV AL ERAE B2 — EAL TR K, JRAESS 12 71 16 K,
53 CHiA LR ENZESR (P>0.05), W 0f1 3 C
7 TR VT A RN R AE R, 9800 DR R Ay B AR 2R
A AR AL 218
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b. Effects of different temperatures
precoolingon weight loss rate
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c. N [RIEE T ST B B2 i R
c. Effect of different temperatures
precooling on firmness

B2 FREFARESRCEE. KREEREEGYA
Fig.2 Effects of different temperatures precooling on
core temperature. weight loss rate and firmness

2.2 AELRE AL X IEIRFNZ 54 BUR R B 320

WA FH 2 R K 1 B AR PG B, HLsm O,
RERNEE TR TUEFERR S, S0 N R . B 3a ]
S5 AL ER 2 N R R BT S BRI, 2R 4 K,
WP IRGH R R FE FE B R, Ui B VA A0 VA A 25 m il 1
BRI . ZiEReledt R BRI E AR TR, B 4 R,
CAFEAE R (B 30) WIRHT TR, AT DA R i
ARIT- 405 M0 P2 AEFNRE LSS 3 2 3 FE . 4 d DUE PR 58
B TR, i MR K. WAsE, 0 F 3 CTi
VLTI 58 FE AN 208 A2 BOE R I T-3F1 6 C A4
Ho#FZ AAEEREZER (P>0.05) , wfigesilE A
U = AT 5T #02 BH AN S T4 e B A R T o
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Precooling temperature/C
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a. Respiration rate
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Fig.3 Effects of different temperatures precooling on
respiration and ethylene production rate

b. Ethylene production rate

2.3 ARIBEFAMUEEE CHHEESENEIT

$eE R C RRFEEBENE R —, R R
SV M R B AR T, AT AR R A 4
PRI FR 2 (2, & 4da T UL,
VC WA AN AE FH VAR, H& 2 R IEHT T R
Btk B4R, FHM VC FE TRIEEECK, 28 8 KF,
-3 16 CHIAH VC FEfiEiEZRmT 0/ 3 CHMH, H
12116 K, OF 3 CAHHALER CHELER
THE 24,

~

5 TR RE o
S 12 Precooling temperature/ C g 2 0.024
ﬁ S 44 153 +g R E0.022
i £ 42 - B 8 0.020
i = 40 =g
o 838 # S 0.018
. & 36 =
5236 ¥ Z o016
jgj O 32 80014
"5 39 , , < 0.012
0 4 8 12 16 o 0 4 8 12 16
B Yo ] Storage time/d Y&t ] Storage time/d

a. NENRE B XA RCE BRI b. AR BB X452 & R AR
a. Effects of different temperatures b. Effects of different temperatures
precooling vitamin ¢ content precooling on chlorophyll content

B4 TRRBEFASEAE ChrtRELFHYH
Fig.4 Effects of different temperatures precooling on
vitamin ¢ and chlorophyll content

VA IR A5 0 SR 1 3 b AN €8 A8 1 2 L o
AW EEREZ—. NETTLEH, HaREy
T AU P E K T EET T R . AT RIS 4 R
F AL SRR BEIREOS, A 0 Al 3 CAbEEfY
MRS EEE (P<0.05) &T 6 CAHE, -3 CHIAY
TERATIAG 0 fl 3 CZ M AfAEREZE SR (P>0.05) .
-3 M 5 i A AR, T O~3°C TUvA b B AT LA (1)
REGEM LR R BRI, OR¥F T PHEH ARG PR ERIRES .
2.4 ARIBEFMANREZEXIBRIEMN

M 5afl 5b A LLE Y, POD 5 CAT BEHHP:#E S 30
Je bTHE FRE LT, HETE 4 REPUEE.
POD BEHEALEY RS IR Ak 7 A A2, Hdh 0 f1 3 C
TRA 4 I¥) POD Fi oG 14 76 B AN A s AL TR e 2 4.
ARG, 0 fl 3 CTAMIEEAN CAT ByuE M &
(P<0.05) & TH'E 2 4NbHA, Nimids 7 REhiksz
H,0, H E/E M, I PUH T #E N B,
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—HZATLRENZER (P>0.05) , #i8 0 Ml 3 CTHIA
HRANH T H.0p MR, -3 F1 6 CHUALHM APX %
PELEA I HAIRAR LT, HEMR AL AR K ER R
B9 T EEE TR, APX 8 PO MR- e AR
AL HoO, SHUIR MR S T B Ha0424

A AR B R AR AR . & 5d AT LR
H, B ACHEEZL ) MDA 55 576 A U 8] 2 5050 T 5 )5 BRI
I E . 5 8K, MDA &&E FIEMEER K, Uil

a. POD{&EM: b. CATHE#
L, vToDwiy _ bCATwiy eI 2 PO TR o U R S B R 55
2ol N WTRATAR L, A 4 s % 4.(=3 *C.0 C.3 CTHI6 C)
g gﬂgg ¢ ft1 MDA & &5 1T T 96.74%. 66.76%. 71.63%F!
EE9 B 93.65%.
Z 30} g N A~ ,
§ 20 & e § 2 2.5 Klﬂ;&fﬁ]ﬁ&‘ﬁ?’%ﬁkﬁﬁ’ﬂ%ﬂﬂ
> < . . . \
& 100' e S MFE 1 aTRLEH, ERWHBESRS T, FER
STREN T bl ] o, YA 4 > 2 N
Vi}ﬁﬁrﬁ] Storage time/d é\ﬁﬁ;ﬂ‘gj Storage time/d M%*D@T%’ ﬁcﬁ@lﬂ%/\ E_3 C ?Dri/V ZE— E’j;ﬁ 8 %EPKZ‘{D]H H:IJ
c. APXFHE: d. FIRHRBE B X0 =B & R A B SR, BB 16 RIS CURIAS B 2R i
. APX activi d. Effects of diff ; . <
oA recooling on MDA FERRI A r 2 TR A S A R -2
B5 REAFAS POD. CAT e, CUEERNFT IR SR> . U 1A I S oA N
SER P I . . N , . . N e o A
PRATR POD. B2 RS IUBI T, 6 CHUALE MIBER & R b,
APX Bf= MDA & 898" e f % b 755 i .
Fig.5 Effectsof different temperatures precooling on iR 8 K 12'08+£+ JT‘ 1(? ﬁ; 1%35A)° ifij-3. 0
POD, CAT, APX activity and MDA content A3 CHIARITEEAS, HERLSEES 16 Ronlh
21.87%. 23.27%F1 30.12%. &S0 )T i vl BE A& DKl
H P 5¢ B, 0 F1 3 CHvA 41 APX G EEAR, A VA 7 S 1] 1) J5 2R H
F1 ZNBEFEBRR I XREBESHNSBE
Tablel Aromacomponents of each treatment on 8" and 16" day/(%)
e FTY 2 Vg E) Storagetime/8 d VA [E] Storage time/16 d
Code  Aromacomponent  Formula 3 0C 3°C 6°C 37 0°C 3C 6°C
1 % Hexanal CeHpO 121+012a 1.98+0.22b 0.69+0.09c 1.27+0.15b 0.49+0.14b 1.68+0.30a 0.39+0.10b —
J2-2- CUA s
2 2 (B)-2-hexendl CeHi0O 20.24+0.79a 18.81+0.43a 20.33+0.63a 10.22+0.37b 16.98+0.37b 18.41+0.39b 29.19+0.65a 11.46+0.27b
Aldehyde
3 Frigs Citra CioH160 0.42+0.07a 0.60+0.10a 0.51+0.02a 0.59+0.12a 0.90+0.10a 0.62+0.15b 0.54+0.12b 0.89+0.10b
4 Z% Acetaldehyde  CH,O — — — — 3.61+0.27a 2.57+0.10b — —
5 i;cfiqss@cj CgH1cO 41.37+1.06b 54.81+1.12a 51.60+1.07a 48.51+1.24a 62.02+1.25a 46.77+1.14b 45.67+1.20b 49.69+1.17b
A 2-Z. O
Alcohol 6 5 D CgHi1gO 20.25:0.64a 17.75+0.48a 18.59+0.55a 14.08+0.40a 7.92+0.20b 21.82+0.45a 19.59+0.42a 13.52+0.76a
2-Ethylhexan-1-ol
7 3 THE Cyclobutanol C,HsO — — — 6.66+0.25a — 804+031a 521%0.18b 7.76+0.28a
e PR IE) 5 P
EE;; 8  2,2-Dimethyl-1,3-dioxa CgHgOs 4.76+0.20a — — — — — — —
ne-4,6-dione
i (#)-3-J23k A kERR
Others 9  3-Hydroxydodecanoic CiHzaOs 045+0.14a 041+0.11a 041:0.15a 0.38+0.09a 043+0.07a 059+0.13b 0.40+0.08b 0.42+0.16b

acid

e REFEMEZERNE - RAFALEAFE 0.05 KFHILLEL, AHR/ING = RERR PO E 7 RIE A B & Z R
Note: The significance difference was the comparison between different treatments at 0.05 level on the same day, The same lowercase letter indicates that thereis no

significant difference on the surface of cucurbita pepo.

ERGIN S, FER 1 -3-IEM 2-23E 2
P, [R]— A B REAN A (8] B ) AR G ' f 2 b
FH. 2 16 K, SACHEEESR S 2 51N 69.94%.
76.33%. 71.47%F01 70.97%. IXFPEES &K RS &
[T B S 218k 4 7% i (acety I transferase) T 14 T Pl 4%

BHRMIA 2 prE®,
3 it it

R R 5 P 2 B BEVD AN 7T D ) 0 25 34
2T o A B R A 1 B bRz — Y



%1 ESEEE

AN [ 222 P A o o0 176 0 7 ¥4 SR ) S 291

ARHFFERIA, 22 T4 W I 2 4 4 VG A T AR TR, L
TR A, TOA T R . ARG T 1 H bRl
FITRA Jo HE g B ¥ o 10 °C, TRA G & 75 A VA UK
MR, EAGENRRFM T e K AERE, T
VG A P PRI P T B, 3 ™ B A S R S
BRI, 3 CHA M A A E IR A &,
ATRE R -3 CPvA s FERCPR, (H AU R VG & 7 1
KB ™, R I AR 2 i 2 FL g AN E R o] 2 2 AR
o X 5 RIRE R 2 BT TSR, B
U4 UL PS5 AR T R it ol PR PR RF S8R R o 17T-3 C TivA
550 1 3 CTRATE 58K AT X0 1] PR 3ok 6 0 205 A2
R CRERR LT SR R BRI R E R
PR (P>0.05) .

EFEA PG AR O F1 3 CTAHK N & &R
# (P<0.05) K T-3F16 CHi¥, JFitm T AL afl
PR, DRI AT RICHRAR S SE YR 1 HL0, & E(EH .6 °C
TV T P A 12 A I % i AN 2 0 A TR 2R A T s
1, ANUERE 2, DRI T0A S e R R 2, B
fififE B3 (P<0.05) KT OCTAALFRA . B Sz FFmknl
DA WLz G s A2 B R XU AR s, 2 VP SR i XU
JR BB AR RREY, (HEESCEIE S AR TR,
PEHI = A SN R IR R AIEEYS, 6 CHIA AR
SN ER AR, O F1 3 CHARITH = HES &S 'R .

4 % i

1) I FH 22 R A e G i P AT A, W LA SRR
T PER P RRAG, TAEBERR, -3 CHATR 40
Oyl AHTUA IR A BERAR BT &, YA R RS
Xof o2 B P AR VA I G L B TR T VA SR PR AR AN
R o @ R sy, H PRI 18 H A A 2 AR
(R ERAER I T 808 5

2) ZEJETA RV IR I 58 R I 7 & 2 S R 2 1
0~3 C ZEJE FvA X Pa a8 2 i A A U R B i, 7
REFEEPES SR, ARSI SHN%EER CF
BT T 32.61%. 20.65%. 26.09%F1 30.87%; i
T EAEEHEYE, % 16 K CAT W& 51N 16.25.
19.79. 17.58 il 16.63 U/(min-g); i T i &AL WlgiG 1k,
0 F1 3 CTAZH ) POD i i 14 76 BN ek A T T3
B2 W HRR PR RSN 69.94%.
76.33%. 71.47%F1 70.97%. (K AT A5 R0 61 F IR 2R Al
LTIV R, WD R G 4E CL MR8 IR R 1
¥, AL LRGSR, BITEE A EE AR EL
0~3 CHNH.
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Forced-air pre-cooling of different temperaturesand its
effects on cold storage of Cucurbita pepo

Ji Lili*, Liang Yunzhi*, Chen Cunkun?, Dong Chenghu?, Yu Jinze?, Ji Haipeng®, Wang Chengrong™™
(1. College of Food Science and Engineering, Qingdao Agricultural University, Qingdao, 266109, China; 2. National Engineering and
Technology Research Center for Preservation of Agricultural Products, Tianjin Key Laboratory of Postharvest
Physiology and Storage of Agricultural Products, Tianjin, 300384, China)

Abstract: In order to extend the freshness period of post-harvest Cucurbita pepo and lessen the consumption of nutrient
substance, this study aims to determine the cold preservation effects of forced-air pre-cooling at different temperatures on
post-harvest Cucurbita pepo. In the experiments, the pre-cooling temperatures were set at —3, 0, 3 and 6 °C, while the target
cold preservation temperature was 10 ‘C. The sample was examined every 4 days to determine avariety of indices. The results
indicate that the pre-cooling rate at 6 ‘C is the slowest and that at —3 ‘C the fastest. At the end of cold preservation period
(on the 16™ day), the ascent percentages of malondialdehyde (MDA) at 0 and 3 °C pre-cooling treatment are 66.76% and
71.63% respectively, when compared to the content before the cold preservation period, which are significantly lower than that
of the other 2 treatments; the descent levels of firmness in the 4 groups (-3, 0, 3 and 6 ‘C) are 9.89%, 7.46%, 7.89% and
11.19% individually; catalase (CAT) activity of 4 groups on the 16" day is 16.25, 19.79, 17.58 and 16.63 U/(min-g),
respectively; at the same time, the falling ranges of vitamin C content are 32.61%, 20.65%, 26.09% and 30.87% and the
relative contents of aldehydes at the end of period are 69.94%, 76.33%, 71.47% and 70.97% respectively. When compared to
—-3and 6 ‘C pre-cooling groups, temperatures between 0 and 3 C were seen to provide the optimal cold preservation effects
on Cucurbita pepo, as the respiration and ethylene production rates are lower at these temperatures, which is helpful in
decreasing the senescence rate and prolonging the shelf life of these vegetables, and this temperature range effectively delays
the decline rate of firmness. Moreover, the accumulation of MDA and the extent of tissue damage are both inhibited at a
pre-cooling temperature from 0 to 3 °‘C. Additionaly, the pre-cooling treatment at 0 and 3 C is also shown to inhibit
peroxidase (POD) enzyme activity and maintain a higher level of CAT activity, which assists in reducing reactive metabolism
damage by removing reactive oxygen and free radicals. In contrast, pre-cooling temperatures of -3 and 6 ‘C demonstrate
higher respiration rates and ascorbate peroxidase (APX) enzyme activity rises rapidly in the second half of the cold
preservation period, during which APX activity at 0 and 3 'C pre-cooling remains markedly more stable. And the chilling
injury appears when the pre-cooling temperature is—3 °C, and there are lots of stains on the surface of Cucurbita pepo in -3 C
treatment. In conclusion, this study finds that the most suitable pre-cooling temperature range for Cucurbita pepo is from 0 to
3 C and therefore this research can provide technological and theoretical support for the development of cold-chain
technology of Cucurbita pepo.

Keywords:. cold storage; temperature; vitamin; cucurbita pepo; fored-air pre-cooling
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