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types of pectins with different degrees of esterification (DE) were prepared by alkaline deesterification, namely DEMP,,
DEMP,, DEMP;, and DEMP,, with DE values of 66.26%, 55.32%, 47.19%, and 33.67%, respectively. These pectins were
added to mango cloudy juice to evaluate their effects on the stability of the juice. Based on Stokes' theory, the gravitational
sedimentation time was predicted, and the shelf life of mango cloudy juice was estimated through accelerated storage exper-
iments conducted at 25~45 °C. The results showed that the addition of low-ester mango peel pectins (DEMP,/DEMP,)
effectively improved the stability of mango cloudy juice. Specifically, the juice added with DEMP, exhibited a centrifugal
precipitation rate of 44.46%, with the suspension stability increased by 26.76% and the instability index reduced by 25.47%.
Moreover, the gravitational sedimentation time was extended from 0.79 months (control group) to 6.30 months. The sedi-
mentation kinetics were fitted using the Boltzmann and Logistic models, and it was found that DEMP, significantly pro-
longed the time of the sedimentation inflection point. The Zeta potential and water-holding capacity of DEMP, reached
—36.09 mV and 14.72 g/g, respectively, and the particle size increase was the lowest during accelerated storage. These
physicochemical properties were significantly positively correlated with the improved stability of the cloudy juice. Regres-
sion equations were established between the Gibbs free energy of centrifugal precipitation rate and temperature, as well as
between sensory scores and centrifugal precipitation rate, yielding kinetic and thermodynamic models for juice stability.
Based on the models, the stability time of the mango cloudy juice at different temperatures was predicted. At 25 °C, com-
pared with the control group (without pectin addition) which had a stability duration of 21 days, the stability durations of
the juices added with DEMP, DEMP,, DEMP;, and DEMP, were extended to 30, 60, 185 and 195 days, respectively. Ex-
cept for mango juice, the residual coefficients of variation for the prediction models were all below 15%, confirming their
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high predictive accuracy.
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Table 1 Sensory evaluation criteria of mango turbid juice during storage

ORI B S| SHE )
B 225, Jenl WAk TEHUVE, 5Tz 0
AR B 225, BARMDTTE (<1 mm)Z)5E) AT S BRI LA, 1
AN 225, FRUTIE (1~3 mm/ZE) o) UKL 3B, Toab 2
A 22 51, BT DUTE (3~5 mm)Z2E) R, BT 3
PRI 22 5, T E DIE (35 mmZ)E) GBI, BRI 4
TRFKN22 5, 432 (DIEHFR)Z) HRZHE =1 em 5
AEH KA 225, 5E2250)2 (DUTEMALHER)Z) THR)ZHE =2 cm 6




47 % % 134 2, A RRIBR AR I SR R OO SR R PR S e gl 2R - 107 -

(O FIR:

a:ikc:" & (9

SR C W ¢ R SR K I A
B0 n MOV EREL

2 R EG N, W AT FHE (10) 58 H s W 3R 2R
%%&:

C—C=kt X (10

2 —2 W, W ET FHEC (11) 88 H s ) 3l =R

G

1nE =kt A (1D
A RN, AT AR A ZR(12) 3 e s %
HEL
1 ® (12)
C, C~ *

Kb, C, b2 S H ok S U BRI E
ISR s (8] 5 ) 7 183 A S 9 28 b Arrhenius
T RETE

k=Aoexp(—E) A (13)

RT
K, Ay MBTCIE SHrE G E, MG {LRE; R N
AT SAAHE B 8.314(3/mol-K); T MR HEE (K)o
O H:
Ink = —% X % +B
TERASASRITRRE T 1 S 0 3 B w0 , BRI
ISR AT O AR B R (1 TOVE L, AT 3RA54¢
HA—E, /R L.
AT R T R S AL, AR s o S 0 ek
RIS AT DI NI T 124280 AH™ . AS™. AG”,
AH" (kJ/mol) 7T LLiE i3 =0 (15) 3485

7 (14)

AH =E,-RT A (15)
AS"(J/mol-k) "] PLiE = (16) 148

K, AS’ —AH'
k—Fexp(T)exp(ﬁ) A (16)

o, Ky, MR 2E2 #8(1.38%102 /KD h
T %(6.626<1073 Js)
AG" (kJ/mol) ] DL =0 (17) 35

AG' = AH' - TAS® 7 A7

1.2.5.2 BIRIAOREOMEEPPHT SRR AR P T
RRRJE AR A, PT E AR ) PR A S PR (L [ )
PRUETRZE (&) LUK PRI AR 5% 7570 539 BB (C V) 2K
K56

7 (18)

o, & PR HELRZE; y; RIS Y,
FERITIIIE; n AEAS RN,

CV(%):%XlOO X (19

o, CV NER 2248 7 2 E e UM AR AERR 25
y ARSI
1.3 #EAIE

FRRESLEG A 3 A L, G5 R E bR 22
27155 K SPSS 25.0 # Ducan #5625 224k (P<0.05
hZESFPEREE); SR Origin 2022 243K,
2 FERESHh
2.1 ARIESHEEREREIEN M RIVRIE

a3k 2 pfr7s, DEMPs [ DE & b #RAET [A] )
BT FEA, A 30~120 min, DE {H M 66.26% T[4
F| 33.67%, H.+h r 15 DEMP; fil DEMP, ¥4 Kk
B, BT DEMPs H' GalA & B #GE T T rlk
B APIRIE 65% MR . #R1M, GalA % &5 DE {H
SR MESCZR, DEMP, B GalA £ 5 (85.05%), A {iE
SELER TR T B-TI B S 0 e K& i v Mok, 323
GalA FXF 5 e _ETF, DEMP, 1) GalA [# % 81.81%,
T RESEWEERT | & T #0 o FAEWTRL . FEmk i A 2
T (DE i 66.26% [k & 33.67%), Bfi# DE [&AI%,
DEMPs 1 S A1 WHC WA i & . X r] g8
S IR R AR UL, INTTRSIN T B R
Fer B IR ILTT L S KSR A, TR
RS S Al WHC .,  Ihgh I 555 3545528 gl os4h
SRAETE, ARBER IS 0Y 7 2 e L B2 SRt B T 419
So BEMENERRILSS, FE%E DE K&K, DEMPs (19431
AR RN EEHAG TR, X T e B kS R fh
REFHEAT, IERER B-TE IR NP, 30T FR S me
R R, SR I 53 RRAIR, SRR AR /)N, Bl REAIREO
DE {8 5 5 15 ¥ WR 11 Zeta B3, 57 26 %o (8 5 17 AH ¢,
X S FH TR R A S N S B0 S R ik Gy B rl Ay ) 1Y
JinprEL AN, DE (B 8 FEAIR 10%, Zeta HEL AV 46 X1 (B
Wain#y 2.5 mV, DEMP, 1 Zeta HiL {37 48 X7 15 % &1

2 AR TR BRI A B P

Table 2 Physicochemical properties of mango peel pectin with different degrees of esterification

BESD EFUBREIR (GalA) &1 (%) BRILEDE(%) WAMES(%) HikEWHC(g/g) 43 F#M, (kDa)

Bt (um) HEAZ(mV)  FiE (mPa-s)

DEMP, 69.22+0.12¢ 66.26+1.42°  95.76+0.08°
DEMP, 85.05+0.81° 55.32+1.37°  96.98+0.15°
DEMP, 76.28+0.05° 47.1942.01°  96.21+0.08%
DEMP, 81.81+0.75° 33.67+1.16°  96.59+0.08"

12.77+0.45° 616.31
13.78+0.36°
13.9120.16° 393.79
14.72+0.31° 342.37

1602463.10°  —25.83+1.30° 134.35+1.77°
535.84 1593.67+38.48" —29.56+0.55° 128.15+2.76
1598+57.19"  —30.72+0.37° 125.45+1.91°
1278.67+27.65° —36.09+1.52¢ 109.35+1.63°

T [ — A Rl NG SRR R R il Z [ 522 57 (P<0.05 ), 3l
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HRESETE

222 BipfoEtsrtr Rt R (EW R A s R
R MR — R, AR 3 AT UL, I ARG, R {H3Y
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Ryt 5wy 2 By AA b, RIE S 58 & T
5.47%. 16.08%. 22.11%. 26.76%. VBiHHSR TRy
ARSI, kBT T RR A, SRR P o

223 WERREPESIAT S T RAEAE] DE (EARIRE
PR I = Sy B s PRS2 ), {5 T LUMI
Fuge S HTASGHAT /T . PERIHE B O B i
Ot i £ iy B Ak A AS 2o P s B Sl an & 1R
23 PR, MNIE 1 Hal DIE Y, 7RO IR R Y 5
SR R B () (R HERS T 98/ ]S, D0 DT 2 T
Mo FEES.CRLRRT, JCES N P28 B i itk
HEIBENT ML ALESHEM AR, IR AT A5 B
FEEPCTED ., I T AN[E] DE B PR R =
J& . BEAE R DE AR AU/, P25 378 S AR Ak
N, FIEAR R S . W3R 3 IR, BEE BN DE H
PPN, PRI T IASRR G PEFR U 2 PR (P<0.05) .
% i DEMP,, DEMP,, DEMP,, DEMP,, 1y 571
SIS AH L, 53R T 4.53%. 7.91%.
18.14%. 25.47%. &S5RI, R IEs 1758
Hytirrita e v, G R DE (B8 IS0
224 FEJULRERTRIAGTRM a0k 3 s, X4 n=
6000 r/min, r=0.175 m, P28yt #2219 F+DEMP, |
RIT+DEMP, ., TR +DEMP; . R 7+DEMP, 41
FIZEES.C> 5. 6. 13, 38, 40 min A ik B & RUTHE R,
T H 7 BURE B E] 53591 2 079, 0.95. 2.05. 5.99.
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Fig.1 Changes in light transmittance of mango turbid juice

incorporated with pectins of different degrees of esterification
6.30 7, I HLSz o 0y PRSI [A] 5 B 4L 0L g 4%
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Table 3 Centrifugal sedimentation rate, suspension stability and shelf life prediction of mango turbid juice

FEfh BLOUIERSR(%)  BIFREMER(%)  AfaEtdaie  BOodsilmin) - fENeH) SRR I 5
TRt 30.67+0.23° 41.8140.50° 0.8600.020°" 5 0.79 =R JE R LR T
TR +DEMP, 34.32+0.11¢ 44.10+0.39¢ 0.821=0.004° 6 0.95 — M AJERAKE T
2R it+DEMP, 37.22+0.18° 48.54%0.21° 0.792+0.004° 13 2.05 [N PN e i
R +DEMP, 40.71%0.03 51.060.74° 0.704=0.007° 38 5.99 AR P TR L PR UT
TR it+DEMP, 44.46+0.31° 53.00£0.32° 0.64120.021° 40 6.30 AR ICIBURL PRI
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Fig.2 Sedimentation kinetic modeling of mango turbid juice
incorporated with pectins of different degrees of esterification

A S IRk

AR & Boltzmann £ #Y, t,=0. d>0. A;—A,>0,
V 2t I ZIXE R A TTREA T . 24 t—toollf, V=A,, Bl
A, RPN B A PURRARTR . 3 4 Al 0L, 250, 2

SR N SE BRI UTRE . PESRT . PRSI T+DEMP, |
TERVT+DEMP, 1Yt d, {EZ TG R, BERIANES ISR
Ty AR e S R TR] P9 RP 58 BRI DT, 3 S e P
7%, MBS NSRS & 1 P2 R e PR e 1k, IFBE
H A DE v/ Ma e g,

R4 Logistic BERY, X4 t—+ooflif, V=A,, A, FTil
M e K PUREMRTL . R saf o, P21yt 5 1
7H+DEMP, . 225 7++DEMP, F{ B AT AR T3 51l
A 581.766., 616.967, 717.325 mL, Logistic #5715

4 PERMT ) Boltzmann FIAILA S5
Table 4 Fitting parameters of the Boltzmann model for mango turbid juice
R A, Ay L) d, R P T

L 652426

s S0y 1288.916 636.490 0.767 9.126 0.987 = Treoeneis * 636.490
N 622996
TR{H+DEMP, 1275.823 652.827 1.042 9.933 0.984 V= T oeromypes +652.827
N 355.084
EARITHDEMP, 1121.594 766.510 10.121 14.034 0.998 = [T aionnyiaos t 760510
1R H+DEMP, 1000.000 1000.000 20.000 3.000 - -
TRIT+DEMP, 1000.000 1000.000 20.000 3.000 - -

#£5 R Logistic B &S24k

Table 5 Fitting parameters of the Logistic model for mango turbid juice

TS Ay A, to p R WA’
421.281
; V= ————— = +581.766
TR 1003.047 581.766 9.288 1.103 0.999 Lot i
9.288
388.022
. V= e +616.967
R it+DEMP, 1004.990 616.967 9.245 1.208 0.999 N i
9.245
284.552
. V= seg T 717325
=R T+DEMP, 1001.878 717.325 24.295 1.566 0.998 . t -
24.295
R it+DEMP; 1000.000 1000.000 20.000 3.000 - -
=4 H+DEMP, 1000.000 1000.000 20.000 3.000 - -
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2%, FE B 5 4 28 T UTTE h 2 B BE 21K .

232 kifeefl PERITHHEARIAIIERGE R (25,
35,45 CHORfer AL Z WKl 4, i E A, fER]—
WRLEET, Al PR AR B TR ST i i, AN [R1IRE 6
AE2RETT, RS, RS BRSO . Al Ryt
ARLE, BRI SS , RAT BE I [0] 34 fl) 5 e A AR
tho TEARIFN AR BN, dShn 1 R AE SRR F0kL
ARIEA MR/ INT 2l 2 R, SRR E— e A |
IRGERIAT IS . ARERAR A ER R P A B
Ay, AL 6] P i R HE e AR A, BHLLE 1 DRz At S BT
FERAE, A RS RARIEEY . AREE AR BRI & A
=, TEP R R b, X SR IL AT e 5 R Hh s

43¢

[ «25C [ w25 ~25C
36t —=35C 39t =35 421 35
§3S'+450C §3S'+450C §41_+450C
) 34 Jaf 37 ) 40
2331 =236 239}
-~ 2 2
5 32t & 35 o 38+
317 e S 34 T H+DEMP, 37t 5 +DEMP,
pe——— ol
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
] (d) fiti] (d) ] (d)
47 ¢ . 50 «
=25 =25
461 P w35
;\\;/ 45 + g 48F ~45<C
¥ o4al %47t
2 43¢ 2461
2a 2 ast
4lr R H+DEMP, 447 R +DEMP,
b e
0 10 20 30 40 50 60 0 10 20 30 40 50 60
A IE] (d) iFIE] (d)
&3 R A ) 7 ot B e R
Fig.3 Centrifugal precipitation rate of mango turbid juice during storage
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Fig.4 Particle size of mango turbid juice during storage
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Fig.5 Sensory evaluation of mango turbid juice during storage
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Table 6 Kinetic and thermodynamic parameters of mango turbid juice
L R RE (K) K(d™) E,(kJ/mol) AH'(kJ/mol) AS"(J/mol-K) AG"(kJ/mol)
298.15 0.00197 10.74 8.26 —269.01 88.46
PHL 308.15 0.00213 10.74 8.17 —269.80 91.31
318.15 0.00259 10.74 8.09 —269.53 93.84
298.15 0.00167 9.40 6.93 —274.85 88.87
TEHI+DEMP, 308.15 0.00188 9.40 6.84 —275.16 91.63
318.15 0.00212 9.40 6.76 —275.39 94.37
298.15 0.00172 7.47 4.99 —281.08 88.80
B TTTEZSR HHHDEMP, 308.15 0.00185 7.47 491 —281.56 91.67
318.15 0.00208 7.47 4.83 —281.62 94.42
298.15 0.00141 10.48 8.00 —272.66 89.29
TR T+DEMP, 308.15 0.00158 10.48 7.91 -273.13 92.08
318.15 0.00184 10.48 7.83 —273.20 94.75
298.15 0.00126 9.39 6.91 —277.23 89.57
1R T+DEMP, 308.15 0.00138 9.39 6.83 -271.77 92.42
318.15 0.00160 9.39 6.75 -277.76 95.12




<112 - B Tl R 2026 4% 7 H
&R 6
LS T TRLEE (K) K(d™) E, (kJ/mol) AH"(kJ/mol) AS*(J/mol-K) AG"(kJ/mol)
298.15 0.00560 4.00 1.52 —282.91 85.87
TR 308.15 0.00582 4.00 1.44 —283.30 88.74
318.15 0.00620 4.00 1.36 —283.44 91.53
298.15 0.00455 491 2.43 —281.60 86.39
4 H+DEMP, 308.15 0.00497 491 2.34 —281.68 89.14
318.15 0.00515 491 2.26 —282.15 92.03
298.15 0.00226 9.98 7.50 —270.40 88.12
itz 1 H+DEMP, 308.15 0.00261 9.98 7.42 -270.57 90.79
318.15 0.00291 9.98 7.33 —270.94 93.54
298.15 0.00255 9.34 6.86 —271.56 87.82
P H+DEMP, 308.15 0.00293 9.34 6.77 —271.69 90.50
318.15 0.00323 9.34 6.69 —272.10 93.26
298.15 0.00212 7.89 5.41 —277.93 88.28
PR T+DEMP, 308.15 0.00234 7.89 533 —278.25 91.07
318.15 0.00259 7.89 525 —278.47 93.84

Gibbs [ Hi B8 AG™Ff 7 & 14 n i 26 1, & Sr
Gibbs [ H1BEAG™ 51REE M)A pREL, LAV 5
750 B AR AR 22 18] 14 AH 6 ME G &R, SR HTRLAR 1Y)
Gibbs [ H1 G857 Z (8] 1 [B1U5 7 FRAH S #RIR =,
W2 7,

242 PERMTELOUTERFREECR  HH
FWT BRI 2 3 I B2 B,
I, BB PP EAE A P SR R E PEAR (A e . JE%
B PR AR SRR BE s B BEAE S SR RiARED AT E
SRS PR RRE MR B D1 IR R bR . AERE AR
(], PEHY T SROFUSE(E Y I )y FE UL 8. thkn]
U, SR FUBE B LR AE M)Ay BRI ez R AR IR

T 0.98, F P Ta] AR SCHERSR -
2.4.3 TEHRIT B SRR SR AR R AR A
B SR VE ARSI B F1 2 RS 2RI A (E, AT 3k
G5 T 1 Bl g 2 AR T 2 i R e PR A AN SR 9
iR o

R, ARG I DTTE S (SR, S 0T 3l F124
T2 RS AR HE I P SR R AR R R T B ER
SEPERHE]
2.4.4 BIRIGPREEREEIPY  ARPESZIOERE, 15 24N
PSR LEAEA FIRRE 5 F T WL AR a2 istia], s Foam
PRAER2E | BERUGR 2EAF 5 R ECANFR 10 P, AR
22 2 ZEC(BRPRIT M) BI/NT 15%, W ZR BHIZ AL

T PR LS HGE AT A e TR Y IR

Table 7 Regression equation of Gibbs free energy versus temperature for physicochemical parameters of mango turbid juice

HLSHL FEdf [R5 )5 AG" (kI/mol)=f(T) R
R y=0.2691x+8.2828 0.9988
TR IT+DEMP, y=0.2751x+6.8516 1.0000
B UTHESRSR FH+DEMP, y=0.2813x+4.9547 0.9998
TR +DEMP, y=0.2729x+7.9553 0.9998
TR IT+DEMP, y=0.2774x+6.8870 0.9997
R y=0.2831x+1.4648 1.0000
T2RIT+DEMP, y=0.2819x+2.3030 0.9998
hifz 15T +DEMP, y=0.2707x+7.3958 0.9999
TR iT+DEMP;, y=0.2719x+6.7462 0.9999
T +DEMP, y=0.2782x+5.3392 1.0000

# 8 PRI ELOUURER AR E AN E R AHSCHES [BH 75

Table 8 Correlation and regression equation between centrifugal sedimentation rate and sensory evaluation value

of mango turbid juice

LI 14 R mEyy: R
TR ss=1.3847SR—42.059 0.9834
1R {T+DEMP, ss=1.3505SR—46.161 0.9906
BOUTTERSR #R7+DEMP, $s=0.6178SR—22.960 0.9959
TR IT+DEMP, $s=0.2163SR—8.8155 0.9974
2R {T+DEMP, $s=0.2092SR—9.3003 0.9931

T ss TRV H; SRETRELUTER
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Table 9

Stability models of kinetics and thermodynamics of mango turbid juice

il 2 FEdh B 12 A i Fe s MEAR A
kT — (269.1xT+8282.
oy ss = 13847 [ SRoexp | (K0T oxp 201X T+82828) || 1) 9
h RT
‘ kT  — (275.1xT+6851.
5L7H-+DEMP, ss:1.3505{SR0exp exp (275 XRT+685 0) }—46.161
\ kT - (2813xT+4954.
BLLUIRERSR - 5LIH+DEMP, ss:O.6178{SRoexp exp (28 3XRT+ 954.7) }—22.960
. kT  — (2729xT+7955.3)
. IF+DEMP, 5s=0.2163 {SRoexp exp XRT+ } ~88155
‘ kT  — (277.4xT+6887
HL91+DEMP, ss=0.2092{SRoexp[thexp §T+ ) J}—9.3003

10 RUEVETIAEL SR 22 AL 7 R

Table 10 Residual coefficient of variation of the stability prediction model

R i (K) T i RS (d) FE R T (d) AR R 2 IRk 2570 S R A (%)
298.15 21 24.98
Lt 308.15 20 21.69 3.14 15.94
318.15 18 18.98
298.15 30 29.18
13 H+DEMP, 308.15 25 25.81 1.63 6.42
318.15 21 22.99
298.15 60 59.78
1= +DEMP, 308.15 55 5421 071 1.30
318.15 50 49.41
298.15 185 180.05
17 t+DEMP, 308.15 160 156.98 4.59 2.87
318.15 135 137.91
298.15 195 190.86
P4 H+DEMP, 308.15 170 168.74 4.57 2.64
318.15 155 150.20
ﬂﬁ%ﬁg tbﬁ*gﬁ;ﬁﬁ i/m?ﬁ?)r!u ]!‘_'_‘:% ‘Z—i— E@%Eﬁwﬁ © 25 OC T ’ Qb,ﬂ:l s -0.57 -0.46 -0.98 0.97 0.83 0.99 0.97 -0.91 10
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2.5 *E;'l‘iﬁ*ﬁ B TR (Mw) ° . . 0.69 0.92 0.88 | -0.99 0
Xﬂ“%ﬁ’fE@Ifﬁ’ft’fiﬁlﬁ%%fﬁ‘?Tiﬁ%\fﬁﬁﬂ‘I‘Eﬂﬁ’/ﬁ‘*ﬁ iz . . . 0.88 0.94 -0.61 -0.2
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Fig.6 Heat map of the correlation analysis between pectin
properties and stabilization time
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