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nanostructure over the shelf life, the carrots were analyzed for textural indices such as fracturability, springiness, and

adhesiveness using a texture analyzer. Additionally, the content of cell wall materials and the activity of cell wall-degrading

enzymes over its shelf life were evaluated using spectrophotometric methods, and the nanostructure of pectin substances

was examined with an atomic force microscope (AFM). The results showed that frequency conversion refrigeration

maintained the fracturability and springiness of carrots during shelf life, as well as the content of cell wall polysaccharides,

including sodium carbonate soluble pectin (SSP), chelated soluble pectin (CSP), cellulose, and hemicellulose. The increase

of water-soluble pectin (WSP) content was also delayed in carrots over the shelf life. Furthermore, frequency conversion

refrigeration reduced the activity of carrot polygalacturonase (PG) during the middle of the pre-shelf life period, along with

the activities of carrot pectinesterase (PME), cellulase (Cx), and S-galactosidase ($-Gal) throughout the entire shelf life. The

increase in the number of CSP and SSP pectin aggregates was linked to the changes in Cx and f-Gal activities. Correlation

analyses further indicated significant negative correlations between fracturability and PME activity, adhesiveness and PME

activity, and springiness and f-Gal activity of the carrots during shelf life. It is concluded that frequency conversion

refrigeration can preserve excellent textural qualities, such as fracturability, springiness, and adhesiveness, by delaying the

depolymerization of pectin in carrots throughout its shelf life, thereby providing a theoretical basis and technical support for

carrot cold storage aimed at preserving freshness.
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Fig.1 Elasticity, brittleness, cohesiveness and adhesion of
carrots during shelf life after refrigerated storage in variable
frequency and fixed frequency warehouses

e A: B B RS C: BERME; D: KB B AR/NG F
B 2 7R AN [R] B[R] o5, P Ak 2 ) 32 95 b 22 5 18 3% (P<0.05),
&l 2~ 3 [A],

EPTER 0. 3. 6 Al 12 d $HE N AUHERE (P<0.05); ZF
PRZE VS TS PR ARHEASE 6 A1 12 d WS NG Ll
25 8 WP Y S BT AR 0 R 0 0 S fE BE
3.40% Fll 13.10% HEETRPEFTRL 5 PE I I I ILEE PR
HRIAIZE G IR, A e s g M ™, &8
W RV B DR AR A B S (e SR MR AR A A RIS B



-+ 396 -

B Tl R

2026 4 2 A

FEARL, SRBR S FUARAE,, AR AR VA TR 2 B e BT AR
WIEE 0. 3 F1 12 d IS NEERPE(P<0.05), Hohte
LOIHES 12 d, AR RV RO B D B8 SR M [RT
TEFVER N 11245 (E 1C) . ¥ teaeilil s
IS APk P A L S A A, A ZE VA TR RE kS B
TRURHA 2 ARG 5 (P<0.05), F2RHASE 12 d, 2845
J2E ¥4 % L 5E A R VA R A B S oRE 5 PE S 14.80%
(FE 1D) o £ b n] 1, AR R O OR 28 B 5 iy
S . MERE | BE SR RO A A T b T LA — 2 1
AERFFYETIVE R
2.2 THRFNESHEE LT SRR AR [NERREE RS
=1: 01

SSP Al CSP J2 R ik 40 Ml ¥ 22 0% 1 25 22 21 10
Gy, FEr B I 2 55 SRS I TR] o b (4 A5 A 2 DT AR
POV AP S PR AR A B ) SSP & i EMA
TS, ASZE A i AT e S i P AR
B SSP &b, $RZRHIEE 0 FIEE 6 d, BARHHFE S I
A N SSP & dat 43 ) 2 o AR ¥ S DT 2R W) T i
3.35 4% F 1.99 f5(F 2A) o ZRAHZE VA JE %) 0T ZLHA ¥
# N CSP S HAYFEN 5% SSP F i 52 i AN [H], 2840
JEE V8 R BB b 35 P i BT 2R ) B R A B S Y
CSP & 4t (P<0.05) , (HRFAR T 2L MK WY CSP &
o RS RS 6 d S8R RV A B S Y
CSP & i ZRIHAESZER) 43.85 F1 20.29 7%, 1M
TRERIHEE 12 d L@ PER B 2 MY CSP & &%
[FIH ARG ZE R R 2 R Y 71.35 75 (& 2B) . 7SR
BRI RE I ], WSP 5 2 A 384 i3 5 I AR AR
PR IRIAT G200 AR 0 22 V4 i Xt DR 2R 0T 25 N WSP

FZM 5%} CSP 52 M= I A AH I, AR5 2 T RE i
AN PR 2R S K NS 6 d WSP & iy Ik (P<
0.05), THHETF T He 28 W4 12 d B My WSP &5
(E 2C) o AT A0, ARS 2RV s il 1 DR 28 v g
WEAS N WSP S ETHE . fRmH CSP & &, fFr
ANTRLEH HAT 555 17 SSP & i

ES i IR A i sy V)i e na | | ol = P
BT, A AR 2 RRRE S5 A RS AN SE R A E P
rH & 2D AT, BHEE S 2 PP R, B AR b al 4T
AL R O IR S e T S SRR B . SRV
JEBTERIIEE 0 FIZE 6 d W N AYLT4E 2 & e
TESTUZEVR IR Rl CR 28 B 8 9 1.47 f5F0 1.68 £,
TERLZRIIEE 12 d PIRRZERRGEH S D aOLT4E &
2RSS PIRNEER UGS NIRRT 4R
PR SRR S T A ARV R B N FE R
BEHH Y NG 6 d 22T 425 5 B 0 3 e T s
J (P<0.05) , {BASST RV UG TR EE 12 d S8 |
LY F S RLAD WL T E SR (B 2E) . HIEl 2F
AL AR N DR AR BT R S S A E PR R g R
ESRS UL PAN Y SR N RS AT R = A TS PN
HAEE N S D] T ER RS 6 F 12 d RS
EHE(P<0.05). HHUILFREH, ARSI ZEvS e ey D 2e iy
SRFNS 6 d LF4EEFIRBELT4E 2 S, S T He 2l
JE WAL YE R AR i R R
2.3 THRFNESREE QXS SR AR E [P EE fE AR RS
SEMERSZ T

22 TR 2N UM P il A0 SR e P TR i 2 5 SR ik
i 1A) SR TR, ik 22 B SR O T R AN R (Y KA A, I

A 20r B 301 c 12y
SR e S
| o _ 24 =k o | =
o0
= D b g 7
I £
£ Eusp & E c %
1 10 I8 '/7 i %
75 51
? q “ o6t % = %
0 ol - _ 0 _
0 0 6 12 0
ey TR (a)
D300 1 o sizgsip E 150 o sz F 500 o szt
| omEE 5 | o = a0 | =
é.ﬁ 200 2 E 100 . é.ﬂ
= c i =300} c i
2@ g& < ﬂﬂ 200
ﬂ‘ﬁ 100 | & 50l ﬁ%tr .
pl ¥ <ol f
0 0 0
0 6 0 6

A (d)

U (d)

B (d)

P2 ARSRURE AT U SR 2 NI SSP. CSP. WSP, P45 | 4 4k H FIA R 2 & it
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Fig.4 Nanostructure of carrot WSP during shelf life after cold storage in frequency conversion and fixed frequency storage
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Fig.5 Nanostructure of carrot CSP during shelf life after refrigerated storage in frequency conversion and fixed frequency warehouses
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Fig.6 Nanostructure of carrot SSP during shelf life after refrigerated storage in frequency conversion and fixed frequency storage
TE: A: AFM [&] )75 B: SSP #9870 417; C: SSP #5701 .
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