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Abstract: In order to investigate the effects of various preservation techniques on the physiological and biochemical
characteristics of Ziziphus jujuba Mill. during low—temperature storage, in this study, using early-red, half-red, and full-red
fruits as the test materials, treatments including lecithin, glutinous rice oil, lecithin + glutinous rice oil(Lec+Glu), and 1-
MCP were applied under storage temperatures of =2 °C to -1 °C and -3 °C to -2 “C. Physiological and biochemical indices such
as firmness, soluble solids content(SSC), and respiratory intensity were measured, along with their correlations. The results
showed that both lecithin and 1-MCP treatments significantly inhibited respiratory intensity in early-red and half-red fruits

under the tested storage conditions, while full-red fruits(except for glutinous rice oil treatment) exhibited slower respiratory
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intensity decline, with lecithin showing particularly significant effects at 0, 20, 65, and 75 days, outperforming the control
(CK). In terms of firmness retention, the 1I-MCP and Lec+ Glu treatments significantly delayed softening, with full-red fruits
demonstrating higher firmness than CK at 65 days(1-MCP) and 75 days(Lec+Glu), while half-red fruits achieved maximum
firmness at 75 days(1-MCP). Additionally, the lecithin and 1-MCP treatments effectively slowed SSC reduction in early-red
and half-red fruits, whereas full-red fruits showed faster SSC decline. The good fruit rate was significantly preserved by the
lecithin and 1-MCP treatments in early—red and half-red fruits, but full-red fruits under the 1-MCP treatment experienced
rapid good fruit rate decline, reaching 0% of good fruit rate by 75 days. Correlation analysis revealed that SSC in the fruits of
Ziziphus jujuba Mill. was extremely significantly negatively correlated with respiratory intensity, firmness, and good fruit rate,
respiratory intensity was extremely significantly positively correlated with firmness and good fruit rate, firmness was extremely
significantly positively correlated with good fruit rate. Comprehensive evaluation indicated that half-red fruits had the best
storage performance, followed by early-red fruits, with full-red fruits being the least suitable. Optimal storage conditions were

-3 °C to =2 °C for early—red and half-red fruits. Among the treatments, the Lec+ Glu treatment was the most effective on early—

red fruits, whereas the glutinous rice oil treatment performed best for full-red fruits.

Keywords: Ziziphus jujuba Mill.; low temperature storage; preservation treatment; firmness; soluble solids; respiratory in-
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Fig.1 Effects of different postharvest treatments on dynamic change of respiration

intensity of fruits under storage at -2 'C to -1 ‘C
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Fig.2 Effects of different postharvest treatments on dynamic changes of respiration

intensity under fruit storage at -3 C to -2 C
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Fig.3 Changes in respiratory intensity of fruits subjected to different treatments and
maturity during low temperature storage at —2 'C to -1 'C
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Fig.4 Changes in respiratory intensity of fruits subjected to different treatments and
maturity during low temperature storage at -3 C to -2 C
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Fig.5 Effects of different postharvest treatments on dynamic changes of firmness under fruit storage at -2 C to -1 'C
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Fig.6 Effects of different postharvest treatments on dynamic changes of firmness under fruit storage at -3 'C to -2 ‘C
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Fig.9 Effects of different postharvest treatments on dynamic changes of SSC under fruit storage at -2 C to -1 C
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Fig.10 Effects of different postharvest treatments on dynamic changes of SSC under fruit storage at -3 C to -2 'C

s 1112 fros , 76 V58 A5 2 R, R TRk
BOERLWAIEEEIEY & R R E, B2k
P78 5w BE o

LA E R R 2 ~—1 CIE A T,
O dBf, WILr e e B e ar o qe CK R Al i [#
T & i e, Horb 0 4n SR BR 1-MCP 4k, K44k
PS5 CKAFETE B & 2 5 (P<<0.05) ; 2 21 3 16 0 i
JEALHE T 5 CK AR 7E i 3% 22 5% (P<<0.05) ; & 41 2%
TES A CK X &b B e 22 3R 8 2% . 10 d i,
WILLSR e R4 e B 7 CK Tl s 9 &

+158-

e, o WA R BRI RSN A kb B S CK
J B 43 Ak BRR]AEAE 1835 22 5 (P<<0.05) 5 20 2R 7
O W JE RN AR AL B R 5 CKAAF#E 1 3 2 7 (P<
0.05) ; 2L R 5 CK 45 db a2 7 A
B, 20 dBE,FILL R CRLAR M A RTECK T
AT R W B T, 0 R BR B+ R
Ah, HiA A HE S CK K Ab B (R] 47 78 & 3 22 5 (P<<
0.05) ;21 S AE 45 Ab H 5 CK K 4% Ab B | 22 3R
A LU AE D s FURE K I AR 3R 5 CK AR
Gy Ab FRIAL A7 7E 3% 22 5% (P<<0.05) . 50 d i}, ®I 4T



AR A AR R (% i Ak R R S A A AL A B A 5

RAE CK Tl 3 BB W & it e, FL7ZE RS K il
A 1-MCP 4 3 F 5 CK 8] 77 16 i 3 2 7 (P<
0.05) 5 2= 27 AR HF K Il AT 1-MCP b B n %5 1 [
TE W& B i H A4S Ab B CK R 4% 4 B ) 25 5 8
BEAORECK FIAEHBIEY &R, B
B BB A A, FE A b B S CKOR 4 A 41 ] 77 i
%2 (P<<0.05), 65dmf, WL gt e B4
A CK T Al M [ & it de v, v 20 21
FERGE R A I-MCP AL B F 5 CK [ fE 75 I 35 22 57
(P<<0.05) ;PLL RAEDI WA b #E T 5 CK AR 7E 1B

B CK @IS Lecithin
FEAIM Clutinous rice oil

m CK

40 g B0+ HE Lec + Glu o 1-MCP 40 104
& . e
gjﬁ 320 a L babb ‘::. gjﬁ 32
27 SN
#HE #HI 16
¥ &2
=3 @8 L B g
oL I 5 : oL
WL R PR EAR S FUFAE S
Early-red  Half-red  Full-red Early—red
ey
Maturity
B CK  BEIFEEAS Lecithin mCK

FE K3 Glutinous rice oil
50d @bl + %% Lec + Glu @ 1-MCP
a

o b o
£, 2oian W Y
g B3
H o M o
e S
] ]
=" 8 = \
0 : 3 N E 3
WILLR FLR LR WILLR
Early-red ~ Half-red Full-red Early-red
Maturity
11

B O AR Lecithin

#E K38 Glutinous rice oil

Ui + 4% Lec + Glu @ 1-MCP
aa

FZKIH Glutinous rice oil
65d Ol +#E Lec + Glu @ 1-MCP
a

RATR

X5 (P<0.05) ; &40 FBR U0 +KE AN, HoAy 4b B
5 CK 2 &8 43 ib 3 10] 47 78 W 3 22 5% (P<<0.05) .
75 d B, I LL R AE CK R AT 4 [ 8 9 & &= e i
H & b3 5 CK M A7 7 i 35 25 57 (P<C0.05) 5 41
BAE CK L)+ 85 K 1-MCP &b BT AT 9% ¥ [ 2 4
S g, Hop o, ek s Ab B R 5 CK BG4 4b
P ] F77E B 32 2% 5 (P<<0.05) ; & 41 B 7E CK FI 5P
5 M A B RT VMR TR A A A L B K T
Gh L H A AR S CK B3 43 Ak 21 8] 47 76 3% 25 57
(P<<0.05).,

mCK  ®IUREE Lecithin

FEAIM Glutinous rice oil
BH + #E Lec+Glu @ 1-MCP

a

20d

a

ahhabh

A G
Soluble solids

Fa R 2R [UEAES R 2R
Half-red Full-red Early-red  Half-red Full-red
Maturity Maturity

B I A%AS Lecithin B CK ®IURAS Lecithin

FEHKIH Glutinous rice oil
75d OF +¥% Lec + Glu @ 1-MCP

ATV T 1%
Soluble solids

PR

LR WILLR LR
Half-red Full-red Early-red Half-red Full-red
Maturity Maturity

2~-1 CREMHABRILTAEERIERELER K HAETHEL

Fig.11 Changes in SSC of fruits subjected to different treatments and maturity during

low temperature storage at -2 ‘C to -1 'C
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Fig.12 Changes in SSC of fruits subjected to different treatments and maturity during

low temperature storage at -3 C to -2 C
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Fig.13 Effects of different postharvest treatments on dynamic changes of good fruit

rate under fruit storage at —2 'C to -1 'C
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Fig.14 Effects of different postharvest treatments on dynamic changes of good

fruit rate under fruit storage at -3 C to -2 C
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Fig.15 Changes in good fruit rate of fruits subjected to diff erent treatments and
maturity during low temperature storage at -2 C to -1 C
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Fig.16 Changes in good fruit rate of fruits subjected to different treatments and

maturity during low temperature storage at -3 'C to -2 'C
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Tab.2 Correlation analysis of quality indicators in fruits

FIE(P<C0.01) , R BI A ATE B, B A IR 1] ) 38
AR B

T, W i R A 5 2R

FAREK,

& ZE  Correlation WP 5% B Respiratory intensity i Firmness W HFEIEY  SSC 4% Good fruit rate
W58 % Respiratory intensity 1
f#FE  Firmness 0.79”
PR SSC -0.96" -0.84™ 1
HIRF  Good fruit rate 0.89” 0.83" -0.93™ 1

IR B AR 2 (P<<0.01) .

Note: ** indicated extremely significant correlation(P<<0.01).

26 RIRFLHELEEITM

PR H07 b B0 SR R pR B T 0 SR 5 & A 4%
Ab BT SR S P R SR BE R R AT R B W 4

3 RERFELETHEFREIBAERSA TN

Tab.3 Membership function values and comprehensive evaluation of various indicators of

R PEAT LRG0T, 40 945 3 45 38 b S Jm ek B
FAEME , 45 Bk 3 s .

fruits under the post—harvest treatments

it )3 /°C IV W% 5

AR AR

s i3 vt AR 3
I\le%iigy Storage tem- Tre%t}n%em R_espirz{g()ry Fifiiss m%% Good Afg%ge Rfﬁgng Afggge R?Elﬁng A:\tfgfge Rfr}il?ng
perature intensity SSC fruit rate
WL B -2~-1 CK 0.037 0 0.341 1 0.344 15 0.323 5 0.329 2
Early-red I NG 0.013 0 0.246 1 0.315 23
L% Sl ] 0.030 0 0.259 1 0.322 22
oI+ 4 0.039 0 0.252 1 0.323 21
1-MCP 0.011 0 0.234 1 0.311 24
-3~-2 CK 0.019 0 0.346 1 0.341 16 0.334 4
91l i 0.035 0 0.267 1 0.326 20
i A 0.014 0 0.377 1 0.348 14
o -+ 4 0.009 0 0.312 1 0.330 18
1-MCP 0.028 0 0.275 1 0.326 19
Ay -2~-1 CK 0 0.044 0.613 1 0.414 5 0.421 2 0.432 1
Half-red 51 8 0 0.049 0.441 1 0.373 9
L S 0 0.058 0.573 1 0.408 6
B+ 4 0 0.105 0.946 1 0.513 1
1-MCP 0 0.076 0.507 1 0.396 7
—3~-2 CK 0 0.071 1 0.948  0.505 3 0.443 1
9P i 0 0.103 1 0.377  0.370 10
A 0 0.089 1 0.308  0.349 12
o+ 4 0 0.072 1 0.965  0.509 2
1-MCP 0 0.124 1 0.807  0.483 4
ERAR -2~-1 CK 0 0.107 1 0.327  0.359 11 0.346 3 0.318 3
Full-red 5B i 0 0.118 1 0.236  0.338 17
i K il 0 0.110 1 0.437  0.387 8
B+ 4 0.026 0.162 1 0 0.297 25
1-MCP 0 0.131 1 0.260  0.348 13
-3~-2 CK 0.030 0.128 1 0 0.289 29 0.290 6
R g 0.022 0.131 1 0 0.288 30
b Sl 0.030 0.139 1 0 0.292 26
o+ 4 0.033 0.133 1 0 0.292 27
1-MCP 0.024 0.138 1 0 0.291 28
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