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Abstract: To clarify the influence mechanism of calcium ion on the crispness of pickles, this study used
picklingsalt with different calcium ion concentrations to ferment white radish, and analyzed its texture
characteristics, cell membrane permeability, calcium pectate, cell wall polysaccharide, cell wall degrading
enzyme activity and cellular microstructure, and made correlation analysis. The results showed that
compared with fresh radish, salt-fermented radishes with varying calcium ion concentrations exhibited
increased hardness and reduced chewiness. The content of calcium pectin, cellulose and hemicellulose in
radish fermented with 510 mg/kg calcium ion concentration salt was the highest, and the activities of
pectin methylesterase, cellulase and f-glucosidase were the lowest. This calcium ion concentration salt
fermented radish had a good crispness-preserving effect. Compared with fresh radish, the tissue cells of
radish fermented with different calcium ion concentrations were arranged more orderly. Correlation
analysis showed that the activity of cell wall degrading enzyme was positively correlated with hardness and
water-soluble pectin content (p <{0.05), and negatively correlated with cell membrane permeability,
calcium pectin, cellulose, hemicellulose and sodium carbonate soluble pectin content (p<C0. 05).

Key words: pickles; crispness; calcium salt; cell wall degrading enzyme; quality control

TSR — ol XU e ) i Tt S o TR AR S R W . AR T s R O 3
A 0 R e S LR 3R, JLIRUR RN R 208, DRIERR . S ISR B L5 L B M5 T AR
WiAS Ak, 3 AT BT R H ARG . DU 1T 3 3 A 7= 2 0 A /N RSP By R 1) Tl Ak B Al AR PR AR
P 2 e A 0 3 o SO ) B b . EL 3 i T e AR X LA A L S R R A O R A R A A K
ARG, ISR £ A R SURE R DU, FEATE AN, I 2 5 i k.

T3 1 B A R S R W e AR P S A L A A S A SRS L A e R R I RN 4 4k R A A
JRIR 5 8 H R R G, AR RSk, e S B AT B 0 B R R SR A e AR R, JRUR
JBAE SR Tl 5 R 2% AF T 5 A A ISR I 45 SR B TR (7 4 ) ) % e B IR, 4 i) 2 25 86 P i 28 A A A
SRR Ak . BLAh, AMIAYK 735 B S5 TR L RN 23 (A1 HES K 40 S 18] ) 45 45 )t 52 0 9 3 4 R
FEAE " WS LRE Ty ¥k 2 — 2 R vog SRR R #h 1 25 Sk o 3 3 Jon DR SR IS 1 e 5 ) & 54 SR I Y TR A4 o
N U I VR 4 R R AR 0 ) BT B2 s S M . A BT SR T, R e ml A R R 4 R
Bl 0 RIS RICIR S5 BE B 7 A5 45 SR MO T R i SRR FT LA SBCPR AR VL SR B L AR M S AR
AN —E WA R B T, W LA — AR R R ARG SR . AR, R T S R h A
T S S A I R TR B IR A O | Y SROR I AR Y A R i BIL A B A T 4 9 R v R B A% SIS R 1Y
HRHBFTEA L

R GE UL R B S 1 B SR IE E B A BIL . AR SR A [R]85 1 B S ER X b
Frc e, X bR BUARRE . MBS R RIIR A % B L AR RE 2B I B L A0 M RE I TS L 2N
ROV SRR AR AT AN+ 5 X 90 S8 A v % 8 1 5% i 5 X S A B 2 B A AR G PR R AT 0 A, DU O 1k i %
N A B B R 25

1 ME5RZ®
1.1 #R5RHF

FIEE g b PG T AU RS XK R T . 4 PSRRI B PR ER L A PR Al L SR TS B T A i
53912 459, 510, 892, 1 350 mg/kg, JF H A SL8 4 43 il w44 - T459, T510, T892, T1350; XJ HRZH R HIH7
fif 8 N, Arga oy CO 4,

AAEN . PP IR AN . A LA . W R, N, O gl RN AR T A RN LW, Fr
BRI U R . vk 5. ATl A SR AR A BRA E s fEER . e b el AR N B AN



% 34 FRE, F. BBTAY R MR e U] 3

AEFHECA R E] s A AT el, W SRR R AR -1, 2 T AR s bral,
KA AR AC 2 A R A E 5 O . i s, BRSO A RA R s WA O /rral, Jbatfhiasl
BHEARA R ZRPEIERERR . K. o0 iral, B EAREAYRHARAR; 3, 5-ZEKmRR . 1k
o, AT RN AL TR R . SRR, BRIR . AT, WU AN e Ak TR T ek AR
FRH BELFAE RN . S AT ol B T RR B A2 A R

1.2 NFE5EE

CT325K230 #ikim & 1%, 3% [ Brookfield 2% @ ; DDS-309 + H 5 AL, W 4B 77 K B £ A R 2 Al
biotek/ HIMG EFriX . 35 [ BioTek 2l 3 TU-1950 RUG o 48 A8 0] W43 BE 3, db 50 3% #7388 FH AL %5 A bR
25 s TAS990AFG KA A 88 07— Sl 1 W e 43 D6 06 BE 3 db om0 8 Al A A &% A BR 2 ) 5 BX43 IE %
e, EEBAAREET AR HH4 HEE KBS, FMRENSARAA; 5810 50 m# &0, ME
Eppendorf 23 A] ,

1.3 XWHE
1.3.1 &% FMEmiH &

W eE S MR TSI BK . 98 25 mm, JE 10 mm YRR, ITAS BN 4 % AR ER TR 2 h,
TIMAS & 20009 K GeL KR R 1+ )R B In G, HePh 3L /& A& I (W LR AT 1 4% Fh 528
1X10° CFU/mL, 70 8 ER B 2 Fl o8 1 X107 CFU/mL), 1E 25 ‘CHEE &1 T % 5 & B . BUL B
HWE NS TR PRI E .

1.3.2 Mg egn g

2% 100/ )5 . BUK L 98 25 mm, J2 10 mm 0% MEES B T BT sE4T B I E . R I e
S8 Bk TA44, AR 1 mm/s, FTHEEBEEN 5 mm, K45 7 g, STREKE 31K,

1.3.3 miepbd ey 2

ZHSCHERC11 M7k MRS SR R EWE S E WIS R Z WA 2 AAX B e, SN E
23K,

1.3.4 RERBABLSETHNE

2% 3CERC12 10 75 . F 1 mol/L G Ak 84 % W $2 U 2 25 8] 100 mL, A W 0 43 6 0 B 11
RS & . TRt eI T R E S8 TAET RN 3.0 mA, KW % 0.4 nm. fim &
300.0 V., BRI 1 700 mL/min, BABEER S B 6.0 nm, SLIWHEKE 3 K.

1.3.5 @lekE $ e RRA 402

WAV 1 9 5 Calcohol insoluble residue, AIR) (4R EUS % SCRR[ 13-14 1A 73k, B A BB, MR EL
P RE K MRS . A A AT AR L e TR A AT U M R S 1 . L A B D A o . R R G R
EAYER LA R T8, LREL 3K,

1.3.6  2m o BE T4 ff Bl 75 M 0 ) 2

S SCHRL15 M 5 ik o SR R BR B TE 1 . 2 1 FUM IS FR G 05 1 . p- 0 A BE AT B TR M L A AR IS R
W5 R A 3, 5- Al B K AH IR (DNS I . B G PE#k i Ak W 7E 37 °C N R/Na 5950 8 M AR S OK IR 774 1 mg
AR R JFRE &, G PEERA RN U, SR E R 3 K.

1.3.7 | e p WL 45 M AL

S k{16 T, B3 NRES IR A, 76 0.5 g/L WERE O Wt UL 4 Smin, Wyedi T 578
IEE AR N WS, IR RMG AT r, LR 3 IR,

1.4 HIEHHLIE

fifi F§ Microsoft Office Excel Giit AL BHEHE . i F§ SPSS 21. 0 i ANOVA 3£ X%t B4 B 47 B[R £ 7 2
S8t . i Origin 2021 22 &



4 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 48 %

2 H#REHSW
2.1 AESBFEIEREABMTEE MRASFENZNT

TR A M N & T BB b — T AR g 3 BT R DR 2 AN B 40 B R TR A £ 7
b, il la Fizs . 4 ANSEEAEE N AR B 3% m T IR AL (p<<0. 05), it T510 41305 b AR B g 5 )
T HABSI A (p<0.05) . BEAHISEFR PS5 BT s i3 in, sy NEEREE A8 i 258 LS TR,
A TR, &M TS & B NE, 558 7 685 A B MR % 1l R e R 85 . 40 it R ) ) 266 Ak 34 5
MRS PR BN T AR, B MRS AL, MR K, (EIDRE RN R BRI AN, BT
AN R BEW BB R, (AR KT . ARS8 hnss B 1 & BEORFET B I 40 M 2 ZURE Tk AN S S 40 L P Ak
B R Y, B RN AR A RS R B AN TR BT A ERCR AR A R 0 T RURE I 22 R A St X
(p<<0.05) . Fifid5 AL FH A i3 hn . A8 Je 2 1 JH e PR X SAM TS R ML. WIE 1b Fias.
KT A S W B8 D % LR RE Y A, i T459 s M@ EERAMK, M (1. 1+0.14)m], HE
T510 41 F1 T892 A2 R ILG ¥ L (p=>0.05),

800 - a 207
b b a ab
c 1
d I |
600 15f be be |
= ¢ T [
5 o Lo B
B 400 F w 10f
e @
200 | 0.5}
0 T 1 1 1 i 0 1 1 1 i 1
Co T459 T510 T892 T1350 Co T459 T510 T892 T1350
2B 2B
a. R b. IHEE
100 - a 125 a
A g
I ik 1 i
80 | T ~ 100} b
§ 20 T b
b 2 I I
¥ 60 = 75t I
20 I
it 4
2 40} B sof
g ® c
e T
20 b B os5)
0 1 1 1 1 1 0 1 1 1 1 1
Co T459 T510 T892 T1350 Co T459 T510 T892 T1350
285 285
c. YRS IER d REBESE

AFNEFEE ay by ey d RRZEFA G EREL(p<<0.05) . T,
1 ARASEEFEERABROT MWEE, HBE. HRESEER RKRESE
2.2 AEHEBETFRERREBXNAE MMBESERN I
WAL T Bz, 4 A 5250 20 79 40 B8 38 R B 35 T IR ZH (p<<0. 05) X — IR W] e H IH T #h i Ak
TR IS 0 M0 365 ) 308 T, o B I R S A (A A PN A A S A L AT B T b
2 B R SR R R, S BT BB A R R RS R B, R Ak G A 5L S RE A5 E 22 4
J1Og R v T W A B N 7 - AR 0 BTy 31 N R (BN /R S N I = B PSSR =



% 340 FRE, F. BBTAY R MR e U] 5

T XH 240 95 0 R0 S R K TS X LA R, BT AR RS B Ty R R B N AN M B B R Al
ZR G #E L (p=>0.05),
2.3 FEAEETFSERLBEE NERRISSENTM

B B 55 SR TR A BN T K B SR M R G O . A A Y T R IR % 40 M A L B Lk A A AR,
T8 MG A9 B A I 1d BEaR . 4 ARSI A R R A S R B T IR (p<<0.05) ., Hirp
T510 H BB IRAG & i, W m T T892 4HM T1350 £4H (p<<0.05), {HY5 T459 LHI % R LG it X
(p=>0.05), FEHEFGE FHatigm, RKME S EEL LR TR, Rl TRENBESE, 2R 5ET
TR AR, NS R, I AR T m N R R BB R, SR K i R
BE 2 R A A L B S TR AT TR B TR B RRAS A E As fk, fA R R RE S E AT N R, A
WFoE & B, K Sk 38 v SR IR R A 5 ek Bt 5 S TL 5 e 1 b, R B B TS TR RS X S AR5
ZERAAL,
2.4 FRAEETESERLBN AT NBESESENTMN

SR AN A BE v i) S 5 2T A 3R R e R A ) B B, SR AR R R s SOk, N Al R S
VEFH . A5 AT 0045 200 0 B 25 0 20 R 0 SR ) 5 At o P T EL A0 O U T SR L 0 T v SR R R
R A T P R R T W 2a R, T510 4RI A B B T HA AL (p<<0.05) . ARG E F & R %
PRy B | SR A X S L 2b R, R ANTEEG B kB ER R E E N S IR AL A B, BE A AT
Vs 1 BB X B i R R R (p<<0. 05) , BRIR AN AT M R A & R B E LT (p<<0.05), XA[figSE B
L AR WA R PR A R RS SRS A T R A T SR RS . AN SR 1 TR, T510 4L KA
SR i AR T AR A (p<<0. 05), CO 4 /K 7 1k 2R e & i W 35 3 T M 41 (p<<0. 05) . AR A&
B, R Bk G K VA T R T A R I A G [ E K S B B S TR R g T A R T A SR A R R TR AN
A SR B R T [, O Rk B R Bk B i A s CaCly Ak B AT LS R R G R 0T (] SR Y B
fifp, VR LB K VR SR S RS N R T R U, A B A N T v SR 8 R T R AL A K I
B AR, BB EAC TR v ik B & & (p<<0.05), Hith T510 4H Ay 5 e 4 il i 1k SR e & i %
o T (p<<0. 05) o 32 PRy 45 B8 - AT L H000 i) R Jig it 25 0% M A7 0 1 R 8 L AR R SR e Il P 0 M . BHL AR
BE A T R R T e T A T S e R T K T R AT e Ak

WME 2c FE 2d iR, 4 ARG SCE A 2F 48 R & oRPP AT 4E 2 & i3 B3 8 X IRGL (p<<0. 05),
HT510 4L i T 4L (p<<0. 05) . FER AR S RS i, A 3 AR SR 4l iy 2
FEGI2HEE X (p=>0.05), F—LHET T510 4I7E R MERCR L A3,

1 AAFEBFLEREBAT MIIMERSE mg+g '
RN B - A
€0 T459 T510 T892 T1350
TR P R e 15.3740.77a  13.4040.83bc  10.7240.52d  11.68=%1.44cd  14.4640. 5dab
B G0 TP R e 29.0541.58a  23.05%0.37bc  25.85%2.61ab  19.62=E1.70c 19.0742. 01c
T 12 0 AT e P 2R M % 42.2344.05¢ 53.0045. 64b 80.5943. 32a 54.8942.88b  50.67=43.07be

2.5 AEHEETFRERREXIAE N YA EEE TS Mm

SR S T b AP R 40 L 6 A R 110 3 R R BRI O, A B g SR B2 B SR R IR B A T 2 B
WK A T O P SRR R A B v e SR e R IR R R R DT R B SR M AR SR
Pl . 2 P FUERERR NG . - A0 A0 I . 2 2 X5 O 200 HE BE 9 At 1) 2 BEAROC I . AN 18T 3a FIT7R . T510 ZH2R
Ji5¢ PPl il 075 1 I T A (p <Z0. 05), X R WIEG B 7 5 Bk B — i PR LI, 7 2R R R T R AR T
B IR T SR SR R AT B 5 5 ORI . R A £ AR O 2 A5 A R A (AT 3 i AR
JE TR, A 3 AR i S 0 2 SR TG O 0 2 R RS L (p >0, 05) s X FFIRIESE T510
HAE PR RBOR B



6 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 48 %

e T 000 S W P [ TR R
O BEFIA M RK
100 k- b b g0t O KR MRE
b b
o = BE mm &
on
o T5F M eof
& 4t
B — | B
m [
4 sof &40 _— |-
B B -
25t 20t
0 0 1 1
Co T459  T510 1892  TI1350 Co T459  T510 T892 TI350
pAss]| 2831
a RREE b. 3FVREAR &8
60 - a 20
——
50 F a
% B 15T s
2 Or : b g b + °
< o b ] En
Y 10}
40 4
i e o
ﬁ 20 F iy
® i
¢ S 5t
10 ’—l—‘
0 1 1 1 1 1 0 1 1 1 1 1
Co T459  T510 T892  T1350 CO  T459  TS10 T892  TI350
2831 2831
c. HHESE d PR EE

B2 FARSEFLELHAROE NERSE. 3HERAMNEE. FASCE, A4S E

2 B1 FUE R A A M RE 2R Ny, ZRCE IR R G T K i 2 RO IR 1, 4-oD-
S FUBE AR, B IR A0 A R A A o A SR R T S BOR ST I 3b B, T1350 41 b £ R
e LA I I Tt 05 1k e 1K, H55 T510 41/ T892 4l 25 S A it 2# 1 X (p=>0. 05) , X FF L4 1] fiE 5 K [F] ik
JEE MRS Ak TR ) T 1 0 £ R B (R AT OG0T - A R Y R TR WK AR . BE S AT 4 R W DM A
FI s F B K AR I JF P R G Y B-D-BE R A B gD A BES . A 3c TR, T510 415 T892 4l # K
R B A TR M E RS E L (p>0.05), HEEM T Co 4. T459 41 F1 T1350 4 (p<<
0.05), ERTL AT T B, P4 R FIE TS, RV R M A L o a i RE b AR 4 R, 80
it e 21 200 A R L VA SR S EE T ARl Sd BTk, T510 AL N B9 £F 4k T E IR T b 4
(p<<0.05), W& 3 FroR, 4 P2 i BE K A 1 v 5 280 0 7 T 00 308 1k A s . R WD 2 D 1Y 0T M R Ak T g
FEAZ B ARG SE I, T510 2130 % b 4 P 200 i BE [ Ak 16 05 M S8 BAK, R m LA v 8 b R
fs Jr AT BURAE . TR, xRS 4 SRR SR AL 2 R Y 25 A i L (p<<0. 05) . FKHIRIH
5 P O b b 2 W BRI B IS 41 R RE A TR M LA R,
2.6 FRAGEETFSERLBIEE MMBAMNEHAZE

TN T A Al iz iy ok A2 b SR EE B0 25 5 e A ok, R ECAN R R L 0 B BE LA B by SR e R A R A e
JEJ2 B SR TR . PR B A4 AR ST U A R B AL A0 SO S O T R AN SR AR B4
B IEAT AT LI, A ED . o LUE . Co 4188 N 2140 HES JC R, 4 i 45 4 ZE AL T BT s ARl 4S
BT AR R WAL B A B N RE S A 2N MRS R Ol R L ST, BRI BT 5 R R R T 1 SR G R A A
20 it BE 2 TR B T — 5 (AR T AN A R, X IR0 N 1% 40 i BE 4 2R B — i 1 SR, FRUIE B A
R 2 R SR 40 L R 45 A ) o S M R | P



% 34 TEHFE, 5. BB TAET N RM B R0 R e AU 7

S 8-
g a
T 74
J o A
- #H  6F 1
5 Ha
A 50 s T
s b
e b b T & 4+
A —~ —~ 1T &
= 2| B + i b
e c a 3L
& i o c :
B T St 5L c
1F K
o 1k
0 1 1 1 1 1 0 (1 1 1 1 I
Co T459 T510 T892 T1350 Co T459 T510 T892 T1350
A5 A
a a. R EN AT b. LRI NEMEREEM
S5r S5r a
T
b I
T " b T
1T
2 4r - c c 4+ "
# 2 = il be
s #
@ 3r W 3r d z
o &
iw 2 4 2r
i S
Q,
1r 1F
0 1 1 1 1 1 0 1 1 1 i1 1
Co T459 T510 T892 T1350 Co T459 T510 T892 T1350
2R3 2R3
c. B-HEENEEmeEt d. HFHERMEME

3 AEFBETFRERLMAEE MY 4 MAMBEEFEIETEG

200 1m ’ 200 um 200 um

.. *

§ ) 200 um 200 um .Y 200 um
C0 T459 T510 T892 T1350

B4 TRFBETLERLEAY MBNMUNEN

2.7 AEBEFEERRBAYE M JTUIERZ BMEXHE

WH MRS IR AR S5 M B 2 M AF 7R B3 BB R , XA BETE h il 89 13 A 18 b 2E A7 A 56 M 4y
Bro GniE S Fros, RS540 M2 B AR RIS & & IR i IR R A B, SRR S, LY
e R H R W FHEAMKE (p<<0.05), HKIE MR & &, 4 Fb 20 M0 B R g B s 1k 2 8 3% A G (p <
0.05) 5 4fi il BE [ fff B % M 5 KSR I & & B 8 % IEM G (p<<0.05) . S MBEE R, RIKKR
R AMERTE CPAER SR BRI MRS B R R 3 UM OE (p<T0. 05) , UL 40 Y BE
BTG S AR B SR R i, R SR, PR ST R, SRR L.



8 B HRXFFROARHFR http://xbbjb. swu. edu. cn % 48 K

AT S b A ) 415 8 1 B AR R W D i A5 HG b i 20 MO RE I S I TS R R A, LTI S 1R A AR AR AR A
A FERE DR .

1.0
@ 0o 000 0000000 08
nez (0 P O @ © 0000090 0.4
appzic @ OO O OO 00000 OO 0"
sl N N N K NOM N NN N N XN ) £
ez @ © @ O@ OO O S ©G O by
EATTHRERRER | @ - s N N 1.0
smeTazsesE @ © O O Q@ GO OO 00
el MM N N NN X X N X N N
viu%02 @ O O O O 0 D0 OOO OO
wsrunt @ O QP O O 0 0000 S O
il E N F R K KX XXX KX )
st | @ O O OO © 00O S OO O
quxmitt (@ 0 @ @ © 0 00 00O G O
Bom M oW W W W W B # @
B ER K dr 40 41 40 4n 4o WD T o i
TR R oM R OB K K B &2 2 g
® @ oW o® B ow W oF 2 b W
2 & ¥ & o# & L om oM o= o
Eox ofuom o & &8 5 &
Y o K = &
B IR
o @ it
WoE ®

* % %% % = MGIRIRTE p<<0.05, p<<0.01, p<<0.001 HHI LT L. WP ERKREMK. BFOARAMK; BEBRMEMER
BB, S /N 5 T8 Y R/ MRFRAR DGR B/, BBR , AHOGPE R S 2 )
5 AEBSEFEERRBAYE MIEXESTE

3 it

A 5 i S 0 RE AN TR A T i R R W N A SR R R L 4R MO BE A R 20 TR0 45 A A
B IF BEAT AR SC R S B BT AN R 45 8 1 R i M p R e  BREABL . SR ER R AN TR A B T
X MR TO R RIS S AR R RS A0 RE A S R 40
WL 25 F 27 A 3 (p<<0. 05) , (HXS I8 N Y40 M2 B R0 F R (p=>0.05), 858 7 & & i
TG AT LR e i D o R R R B A0 R R BN R R A ROR L (E R R T R T 1Y 5 A
TE— A A& i, % 5 B R T . ML BE 2 B D7 T, TS510 21 6% K i SR I R A i, Bk
T A T P SR e T 4 SRR i S 6 2 R B T RGBT I AL A K R R
T, AR EERKR SR (p<<0.05), JFHAMKREE, FPAAERTHGEE S THEY N (p<
0.05), XULIIAFE T &R LARIEY N EA RENREEOR . AR AT &R RIS b
F Tl 35 B R A T, BRSO b 2 RE R S I A P D R RS R AL DR e, PRI
NGRS . b TS0 A1 Y MR G 6 1k . 2T 4 3 M PR L B B A R R AR T AL (p <
0.05)  AN[FH5 S 5 & B dh R W nl fe 2E i & 1 B9 20 i RS0 Bk 1k . AT PR 3500 8 b BB R . A O R o
PraR B, 40 BE B A B PE SRR IR S R 2 B E EAHK (p<<0.05), SIS &R R R
T AER TR, CPAERTE . RO aT MR RS 2 R E K (p<<0.05) ., LR LR, K
WF5E A BLIE SR AR A5 85 7 & B 510 mg/kg WA BEIE S 76 R g &50CR bR B A



% 34 FRE, F. BBTAY R MR e U] 9

SE K

(1] EHER]. BAH. BR2L0. 45, BERRmxI RS b SR [J]. B dh 5 B Tk, 2024, 50(24): 68-75.

(2] M4, SRR, B3 E, & MRS =7 B & BB RBEE [T VR =2 CH AR D . 2023, 45(4)
219-225.

(3] HWEEK, FEaf, MIRE, 5. T3kt S fbdebn X E BB MED A [T]. B8f 5 k®RHE. 2024, 60(2):
1-6, 19.

[4] YANG Z X, DUAN X K, YANG ] Y, et al. Effects of High Hydrostatic Pressure and Thermal Treatment on Texture
Properties of Pickled Kohlrabi [J]. LWT, 2022, 157: 113078.

[5] GEL H, LAIH M, HUANG Y L, et al. Comparative Evaluation of Package Types in Alleviating Textural Softening
and Package-Swelling of Paocai during Storage: Insight into Microbial Invasion, Cell Wall Pectinolysis and Alteration in
Sugar and Organic Acid Profiles [J]. Food Chemistry, 2021, 365: 130489.

[6] GEL H, HUANG Y L, LI X, et al. Temperature-Driven Divergence in Molecular Distribution and Microbial Invasion
and the Associated Texture Softening during Dual-Phase Fermentation of Paocai [J]. Food Chemistry, 2024, 457:
140171,

(7] BEd Al WiohEr . MOBAR. F sl o a0 Mo THOR RS (1], A5 Rom T, 2020(24) : 73-75.

[8] IQRA, Z#r, X EE, . FEAMT 1S SMEYR B MEE [T, e RFEEMRCARFEMD . 2024, 46(9)
97-104.

(9] X7, B, Gk, & PSRRI H LB T2t e (1], B 5KkB T, 2022, 48(1): 324-329

(101 &4, RN, BN, & RIE 2S5 AET U E 30 55 A Ak K™= 1 40 20 J BE B i R s A= et L)), &edh
AR, 2020, 41(13); 128-133, 147.

(110 drglhe, o, S EM. RERFAMAEMLRES (M. dbat: hER T H ML, 2007

[12] BAT, FWR2E, THE, 5. RIEEEG S5 0 R NS 31 08 I8 A Bh 1 e et (). & d 5 kMR, 2022,
58(4): 39-45, 72.

[13] FENG X, DENG H C, HUANG L, et al. Degradation of Cell Wall Polysaccharides during Traditional and Tank
Fermentation of Chinese Liupao Tea [J]. Journal of Agricultural and Food Chemistry, 2024, 72(8): 4195-4206.

[14] YOU W L, ZHANG J L, RUX Y, et al. Exogenous CaCl, Delays Flesh Softening by Inhibiting the Degradation of Cell
Wall in Fresh-Cut Cantaloupe [J]. Postharvest Biology and Technology, 2024, 213 112934,

[15] LIU L, LIU Q, DENG S F. et al. Influence of Myoinositol on Post-Ripening and Softening of Prunus Salicina ¢ Wushan
Plum’ [J]. Postharvest Biology and Technology, 2024, 210;: 112772.

[16] FAN Z Y. DENG W Q. LI X B, et al. Effect of Air Exposed Storage on Quality Deterioration and Microbial Succession
of Traditional Sichuan Paocai [J]. LWT, 2022, 154;: 112510.

(17 oL, b, LM, 45, REFFIXDEE DB M [T, fiRE, 2021, 42(22) . 171-177.

(18] I, &m>¢, HiokE, 5. MYILFHE A K B ERER G AN E b T 24004 [J]. & & TR, 2023,
44(3): 172-182.

(190 kb, B0, BRILAE, 55, W URE R R OEE T 2004k [J]. & i Tl R, 2024, 45(7): 235-243.

[20] YANG Z X, FAN H K, LI R X, et al. Potential Role of Cell Wall Pectin Polysaccharides, Water State, and Cellular
Structure on Twice “Increase-Decrease” Texture Changes during Kohlrabi Pickling Process [J]. Food Research Interna-
tional, 2023, 173: 113308.

[21] ITOH M, GOTO C, IWASAKI Y, et al. Production of High Soluble Solids Fruits without Reducing Dry Matter Pro-
duction in Tomato Plants Grown in Salinized Nutrient Solution Controlled by Electrical Conductivity [J]. The Horticul-
ture Journal, 2020, 89(4) . 403-409.

[22] KIMSY, GUHL, JUH, etal. Effects of Pulsed Electric Fields on Controlling Fermentation Rate of Brined Ra phanus

(23]

sativus [J]. Innovative Food Science & Emerging Technologies, 2024, 92; 103553.
M40, BEOUDL, AR, 45, SRATWEAE CaCl, X 7GR 5 SR 508k @ B sz ma [T, el B2, 2024, 61(7):



10

BHERXFFHROAAAFZR http://xbbjb. swu. edu. cn % 48 %

[24]
[25]
[26]

[27]
[28]

[29]
[30]

[31]

[32]

[37]
[38]

[39]
[40]

1717-1726.

. BOFHE. BRI, S MR IRYNME R /DN ORI T A S (1], B4R, 2024, 39(4): 17-25.

SRR, AR, M, A BENAVRXT EERTUh N [J]. &M ToOLRHL, 2024, 45(9): 333-340.

HRIGEPR, FF 4%, IRTLLL. ¥55 5T 13 00 5% SRS S5 ) ARG SE IR SRR 5 [T, ViR K%M (A AR 0 .
2024, 46(1) . 47-58.

da gk, BB X AL R AR SR EERCR RS2 [T, VLPE B2 R 4, 2024, 36(4) : 58-64.

JAE g, R FhA Ny, AF. BB G SRS X RSk SETiAk BT A ST [T, P IRk AL . 2024, 49€10) : 81-88.
FEAE, KB, REE, S SMEIRM AL IR G A RSP ] B EFE, 2023, 44(11) ¢ 152-159.

NIU X X, DENG L Z. WANG H O, et al. Transformation of Cell Wall Pectin Profile during Postharvest Ripening
Process Alters Drying Behavior and Regulates the Sugar Content of Dried Plums [J]. Food Chemistry, 2024, 458
140093.

WANG H, WANG ], MUJUMDAR A S. et al. Effects of Postharvest Ripening on Physicochemical Properties. Micro-
structure, Cell Wall Polysaccharides Contents (Pectin, Hemicellulose, Cellulose) and Nanostructure of Kiwifruit (Actin-
idia deliciosa) [J]. Food Hydrocolloids, 2021, 118: 106808.

XU H S, WANG Y R, DING S H, et al. Effect of Hydrothermal-Calcium Chloride Treatment on Pectin Characteristics
and Related Quality in Green Peppers during Storage [J]. Journal of Food Science and Technology, 2021, 58(10):
3712-3724.

CHENG A, ZHAO P F, WANG X, et al. Relationships between Melatonin and Salicylic Acid Treatments in Delaying
the Senescence of Postharvest Pear Fruit [J]. Postharvest Biology and Technology, 2025, 219: 113288.

FULLERTON C G, PRAKASH R, NINAN A S, et al. Fruit from Two Kiwifruit Genotypes with Contrasting Softening Rates
Show Differences in the Xyloglucan and Pectin Domains of the Cell Wall [J]. Frontiers in Plant Science, 2020, 11: 964.
RUARL, AHEAL, BRI, 45, FCE R P BRI S RN T4 (U], SRE MR, 2020, 36(10): 190-199, 267.
R, M, W, % S/ ROMEREA I M AR [T]. B E R, 2024, 24(2).
218-227.

Trvk, PERfE . EVLWE . 5. ARG b 30X Fomh R S A B E s e [T, TP ER L, 2023(20) : 134-136.

CHEN W T, CUI K B, JIN L L, et al. Impacts of Fruit Frosting Coverage on Postharvest Softening of Prunes under Vi-
bration Stress [J]. Foods, 2024, 13(19): 3197.

BRI, B, ARk, S RICREHRAVLRIOT TR (J]. B8 DAY, 2024, 45(4): 371-378.

WANG Z J, ZUO CZ, WANG M Y, et al. Optical Properties Related to Cell Wall Pectin Contribute to Determine the
Firmness and Microstructural Changes during Apple Softening [ J]. Postharvest Biology and Technology, 2024, 218:
113150.

HEHEE B
B I



