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Degradation Kinetics of Ascorbic Acid in Xanthan Gum Solution

JIA Rungi, TANG Yujie, HE Weiwei, SONG Xiaoxiao, YIN Junyi’

(State Key Laboratory of Food Science and Resources, China-Canada Joint Laboratory of Food Science and Technology
(Nanchang), Key Laboratory of Bioactive Polysaccharides of Jiangxi Province, Nanchang University,
Nanchang 330047, China)

Abstract: Ascorbic acid (AA) reacts with polysaccharides, resulting in changes in the rheological and structural properties
of the polysaccharides. However, the degradation characteristics of AA and its degradation kinetics during this reaction
require further investigation. In this study, xanthan gum (XG), a highly viscous and stable polysaccharide, was employed as
the polysaccharide base for the construction of a simulation system. The changes of AA in XG solutions were investigated
under varying substrate concentrations, reaction temperatures, and reaction conditions, including the addition of H,0O, or
metal ions (Fe*" and Cu®"). The results showed that the degradation of AA within XG solution surpassed that in pure water.
Particularly, the degradation rate of AA, which was originally 7.03% in the absence of XG, increased to 11.72% when
0.2%XG (w/v) was present in the system at a concentration of 1 mmol/L. In addition, elevated reaction temperature
accelerated the reaction between AA and XG, leading to a degradation rate of AA increased to 45.59% after heating at 90 °C
for 1 h. The degradation process of AA in this system followed the second-order reaction kinetics equation. The presence of
H,0, and metal ions (Fe’* and Cu®") notably accelerated AA degradation, whereas the XG solution system attenuated the
degradation impact of metal ions on AA. It was found that the degradation of AA by metal ions and XG was antagonistic. In
conclusion, thermal treatment of AA in pure water induced its degradation, with the addition of XG, H,0,, and metal ions
(Fe*" and Cu*") significantly affected the degradation rate of AA. These findings hold significance for the regulation of AA
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degradation in food processing contexts.
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1.1 MRS

RS . PLIRILAR (99%) . HEE  (Ae, S
Sigma-Aldrich 2\ &]; g . /K ERARHH (99.95%) |
PRV kLK G54 (99.95%)  Srfiral, LigaHr
AR G R A R i 8k sabral, R
tE ARG A H] o

1260 Infinity Il S0 AH G35 S€[E Agilent
ONF] IKA-RCT JEASHURE SNt Pl FEE IKA
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LR MR- FOR 23R I R A A .

1.2 WHE

1.2.1 AA 5 XG RMARZRMIGE  FRIL 4 mg 85
A A, INA B SEAK 0 T3 P T o0 i (XG Ui
N 0.2%, w/v), T J5 &A1 100 pL AACZ Mk 2R

1 mmol/L) I Fk H AR R 5], T 60 °C /KN
1 h 5l T 23 °C M. AN EEAS
PIFER]— S0 5 RN T AA TE/K I IR IR A2
PRI ZEAE ot B

AA Y IR 43 0I1E XG IR (L HIE 0.2%,
w/v) FlgliZK Pl A AA FF 60 °C T, IR FERH
AA WIUEWEE 7 0.1, 1 5 5 mmol/L, 4351V 0.
2.4.6.8 5 24 h Bk,

XG #EZEHZE: fEARE XG I m FaizK phnA
AA(ZLHRE N 1 mmol/L) FHF 60 °C T b, XG ¥k
BEA4T 520 0.1%. 0.2% 5 0.4%(w/v), £ L 0. 2.
4.6.8 5 24 h Bk,

SR EE R 2 A XG IR (KR E 0.2%, w/v)
gk im A AA(ZHEE S 1 mmol/L), 435I T
30. 60 5 90 °C RN, fEM 0.2.4.6.8 524h
WU

N H,0, E: 78 XG IR (LR E 0.2%, w/v)
Fag sk A AACZHE 5 1 mmol/L) 5 H,O0,
JfF 60 C T J2 i, ffifd H,O, el 25, 50 5
100 mmol/L, 7EJZ % 0. 0.17. 0.33. 0.50., 0.67. 0.83
5 1 h B

BIN Fer' R 2K : £ XG B (KA E 0.2%, w/v)
ALK PHIA AA (AN 1 mmol/L) 5 FeSO, Jf
T 60 °C FJW, i Fe* #E >k 0.01. 0.1 5 1 mmol/
L, 7E/Z W 0. 0.5, 1.0, 2.0, 3.0 55 4.0 h BEf,

I Cu*' N2 7F XG B (LR 0.2%, w/v)
FZEsK A AA(ZEH)E Dy 1 mmol/L) 55 CuSO,
IF 60 C T Wi, fifd Cu* ¥ E N 0.01, 0.1 5
1 mmol/L, ZESZW 0. 0.08. 0.17. 0.25 5 0.33 h Htk:.
122 AA FHEMME  RA HPLC & 52 AR &
R — 52 S NV B TRl Y AA A& i, 7 kS5 0 it
SERT R MBS ROWAR F T H 200 pl, FH 0.2%(w/v)
TRBEIRIAE R ESZE 5 mL, i 0.22 um AY7K RIENEDE
FESTHT o SRR RS AA MREE, RT3 H AA
ReEfir

WIEAAMRE — B A AAIKRE

AL %% 2 %4 >Rk F Diamonsil-C g (3% 41 (5 pm,
4.6 mmx250 mm), A& 25 °C, KK 245 nm.
T AH A Sk 4l H i, B S 0.2% B R % A, DA
10%A 5 90%B 28 ¥4 5 min, #%°~ 0.7 mL/min,
HEEA 20 pl.
1.2.3 AA BEfBh 1550 B3R 1.2.2 B AFR
REFFAE T AA BN R ) & A8k, SR A2k 91
VA5 HT AA PIREARE AR, $2 IR0 (2) ~ (D) TR IR
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1.3 HUEIE

SLEPATINGE 3 WK, 45 RSP E bR 2R R
715, {8 )] IBM SPSS Statistics 26.0 A4 2547 TE 28517
A B ( Shapiro-Wilk £ % ) 5 J7 22 55 4 43 #7 ( Le-
vene %), TiJE A TR FE I 255387, KA Duncan £
R, S R ETE(P<0.05 27 B 3), R
Origin 2021 1EKE .
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2.1 AREIRMEZFHT AA BEiEERE

2.1.1 AR[E AA HIE R NARZ T AA FEfRT T
T AA ZEAS RN B 450 T SR80 H AN TR i fh 24 0
TE, AR AT AA BRI FALTET =S ER AA
I RS S5 G AT A S g 25 R, R EL 3 Fh
AA WRJEIEHAE XG FR b fbad i, &1 e
R T ARFEHREHE (0.1, 1 F1 5 mmol/L), AA 7£
24 h WIS EARbELEE . 458 AT DLBEZE S8 B Ta] )
B AA SRS BT RE, ik 1 mmol/L AA
TE 24 h NHRBE [ 159.92 pg/mL ¥/ 5 148.70 pg/
mL, T XG T AA R R B 8w Talik b AH
Rl BER AAGGR 1), I HARMRBEER) AA FFEfEFRRETE
I, HiA 0.1 mmol/L AA YRR B, 24 h ik
F| T 23.54%, 1M 5 mmol/L AA A 3.38%({H I
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Degradation process of AA in the reaction system
at different concentrations
: (A)0.1 mmol/L AA; (B)1 mmol/L AA; (C)5 mmol/L AA;
SWARZRAE 60 °C AR 1 h J5##HE T 23 °C.
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Fig.1

XF2ZEAEA R 5 mmol/L MR AR R T FEA# 1Y AA BE
%) NILIRIREE AA BYSLTE S R, B4 5 A A%
fitg, MR AA PRIEAPUEALPETTEE o ESAE o

F 1 O RFERNAERTE AA BEHFR T
Table 1 Analysis of the degradation rate of AA in different reaction systems
S A WITAWE (pg/mL)" R (pg/mL)"  WEAR K (pg/mL) R (%)™
7K+0.1 mmol/L AA 17.10 14.96 2.14+40.64° 12.52+3.80
XG+0.1 mmol/L AA 16.84 12.88 3.9740.28° 23.54+1.32°
RIFAAME 7K+1 mmol/L AA 159.92 148.70 11.2213.90": 7.03¢2.49cb
XG+1 mmol/L AA 162.67 143.61 19.06+1.38" 11.72+0.86
7K+5 mmol/L AA 867.65 863.76 3.89+10.28° 0.45+1.18¢
XG+5 mmol/L AA 871.94 842.43 29.51+11.29° 3.38+1.26%
7K+1 mmol/L AA 146.64 139.45 7.19+4.10° 4.9142.79¢
RFIXGHE 0.1% XG+1 mmol/L AA 147.90 137.23 10.67i2,l9b: 7‘2&1.42"1
0.2% XG+1 mmol/L AA 150.70 135.20 15.50+4.92 10.23+2.98
0.4% XG+1 mmol/L AA 148.09 123.08 25.01+2.13 16.89+1.47°
7K+1 mmol/L AA-30 °C 158.25 150.86 7.38+4.78¢ 4.64+2.95¢
ANTR) SN TR XG+1 mmol/L AA-30 °C 157.26 153.09 4.16+2.70° 2.64+1.69¢
7K+1 mmol/L AA-60 °C 159.92 148.70 11.22+3.90% 7.03+2.49
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SR A WIHARE (pg/mL)”  RZWRIE (png/mL)"  WRIEAEfb(pg/mL) RafE R (%)™
XG+1 mmol/L AA-60 °C 162.67 143.61 19.06+1.38° 11.72+0.86°
AN]SR 7K+1 mmol/L AA-90 °C 158.91 127.54 31.36£8.27° 19.7245.06°
XG+1 mmol/L AA-90 °C 157.12 85.50 71.62+1.28" 45.59+0.92°
7K+1 mmol/L AA 181.97 175.92 6.05+0.75¢ 3.3240.32¢
XG+1 mmol/L AA 183.09 170.59 12.49+0.36° 6.83+0.25°
7K+1 mmol/L AA+25 mmol/L H,0, 160.16 15.34 144.82+7.24° 90.65+3.79°
- XG+1 mmol/L AA+25 mmol/L H,0, 148.30 15.45 132.86+8.01°¢ 89.54+3.16°
IO, 7k+1 mmol/L AA+50 mmol/L H,0, 153.23 0.00 153.232.02° 100.00::0.00°
XG+1 mmol/L AA+50 mmol/L H,0, 153.85 0.00 153.85+3.22° 100.00+0.00°
7K+1 mmol/L AA+100 mmol/L H,0, 150.38 0.00 150.38+1.02® 100.00+0.00°
XG+1 mmol/L AA+100 mmol/L H,0, 146.39 0.00 146.38+2.37% 100.00£0.00°
7K+1 mmol/L AA 168.04 165.09 2.95+4.48¢ 1.74+2.65"
XG+1 mmol/L AA 168.46 163.46 5.00+£6.26' 2.96+3.71°
7K+1 mmol/L AA+0.01 mmol/L Fe** 158.43 120.77 37.67+10.00° 23.57+5.05°
— XG+1 mmol/L AA+0.01 mmol/L Fe?* 158.15 142.91 15.25+3.10% 9.62+1.83¢
7K+1 mmol/L AA+0.1 mmol/L Fe* 138.47 114.39 24.08+2.35¢ 17.39+1.70¢
XG+1 mmol/L AA+0.1 mmol/L Fe** 137.52 123.80 13.7245.45° 9.90+3.74°
7K+1 mmol/L AA+1 mmol/L Fe?* 121.66 0.00 121.66+3.65" 100.00+0.00°
XG+1 mmol/L AA+1 mmol/L Fe** 118.87 64.48 54.40+4.21° 45.7242.35°
7K+1 mmol/L AA 169.89 146.46 23.43+17.83¢ 13.73£10.42¢
XG+1 mmol/L AA 167.06 157.55 9.50+2.30° 5.68+1.35¢
7K+1 mmol/L AA+0.01 mmol/L Cu** 164.37 12.93 151.44+3.22° 92.13+1.01°
R XG+1 mmol/L AA+0.01 mmol/L Cu** 168.10 65.57 102.53+3.46° 61.01£2.57°
7K+1 mmol/L AA+0.1 mmol/L Cu** 161.56 0.00 161.56+9.56® 100.00+0.00°
XG+1 mmol/L AA+0.1 mmol/L Cu®* 168.66 0.00 168.6620.95° 100.00+0.00°
7K+1 mmol/L AA+1 mmol/L Cu** 168.77 0.00 168.77+0.92° 100.00+0.00°
XG+1 mmol/L AA+1 mmol/L Cu** 168.97 0.00 168.97+1.13° 100.00+0.00°

TE: *, WHRVRIE 5 BRI Ry 3R IR S5 S A3 o, Ta)— OB IR 2R FLIR] — 385 AN [R] -1 2 ) 3878 A7 e 35 22 57 (P<0.05) s A T b, 3%
FXGHRIE ]0.2% (wiv), SRR Z N60 CINi 1 G #FET23 C, S U 724 hill EAA S &

2.1.2 A[F] XG HE R MNARFZ T AA FEfRT T

E 2 R T ANFE XG R MR ZH, 1 mmol/L
AA FERN 24 h NIW&EAR L. BEE XG WeBEmyEg
N, AA BREFEZHTINNE, 0.4% XG IR FE b AA FEfE
e B, 7E 24 h N R 148.09 pg/mL T BN
123.08 pg/mL, BRI /KK R Y 4.91% $E 52
16.89%. HTZWi<sE AA RARNPY, AA 1584
JHTIR IR [ HH FE PR, s ) e SR i g L K

(=)
(=]
L

—_

b

(=]
L
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—— K
40 A -e-0.1%XG
--a- 0.2%XG
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6 5 lIO ll5 2IO 2IS
BN TE] (h)
K2 Al XGWE TR AA B
Fig.2 Degradation process of AA in the reaction system
at different XG concentrations
H: AR RN 1 mmol/L AA, 7€ 60 C J#k | h 5 & T
23 Co,

LAt B A P e 4, 23X —BRAARAR ZR T ) XG MR E

Wnest, XG S iHFE—3 bR iz [ 3L, JEmiin

T AA HYRERR

2.1.3 AFEIMVIREE TIRRTD AA g A
FERH, AA 5B NP X F iR B i

TR A R — B R 2R, R bakss

AN FENRET AA 76 XG g2 b g, 15 3
AN RLIRE T AA PIRERI TR, 76 AA /KIS
1,30 °C Fll 60 °C BFREFERREERL/IN, SO 24 h B
AN K 4.64% F1 7.03%, T 90 °C WfBH & T}, f%
iR E 19.72% 33X 5 HAh SCHRT S 45 56 AA B
fift Bl F12E A — B, IR M T Sl AA Y RE
fift, I ELBEE 1R B A T AT S R S . TiAH

BFK T, XG AR R TR T Xt AA REfEY
P B A e, B IR 00 BT, AA FEKIE WP Y

Refitt 2 A 4.64 BEHNF] 19.72%, 1] AA TF XG Bk
AR EZR I BN 2.64% HENITEE 45.59%, BH b LEIK IR
IRR PR RRIZL, XFRHEE S XG X AA 1Y F#
HAYHNEWER, HEMHE (T E TR T F 309

P AR PE T XG5 AA YA AR FHBY, SR b
AA RS

2.1.4 I HO, IR FR T AA REfRITE AWF5RER
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Fig.3 Degradation process of AA in systems with different
reaction temperatures

d: (A)1 mmol/L AA ZK¥SWEAE 30, 60 FT 90 C J#A Il &
24 h P AA & =744k (B) 1 mmol/L AA 5 0.2%XG(w/v) i
YRAE 30, 60 A1 90 C MFFFME 24 h N AA & 148k ST
A NE 1 mmol/L AA, 7E 60 °C Jin# 1 h JF#HE T 23 C.

BH AA IISEALRESR, 52 H,0, S5 mB0 ik
—E B H,O0, X AA 5 XG RS SEN, W8 3 F
HE ) H,O, BRIINTE XG-AA IR Z A, MI%E T 60 min
N AA &R E 4), B 4A B, S5REBN
H,0, Z&1FAE L, B3 H,O, IR FR b AA TG T 4,
TE 60 min BIF&S# T 90.65%. XIHe 3 Ff H,O, By
BE (& 4B)HENE A& B, H,O, e FEHR T, AA RS R]
Zi, H:%E 50 mmol/L 5 100 mmol/L H,O, &b HHf7E
JZ % 40 min B} REMEZRRIIAE] 100%. & 4C W] HIGS
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Fig.4 Degradation process of AA in systems with added
hydrogen peroxide

T: (A)IRIN 25 mmol/L H,0, 47K 0.2%XG(w/v) i
AA F AR 4L (B) BN 0. 25, 50 Al 100 mmol/L H,0, Y
0.2%XG(wiv) IE W AA & &A1k (C) B 25, 50 AN
100 mmol/L H,0, FI4li7K 5 0.2%XG(w/v)IFH T AA & 578
ks BRER R NS 1 mmol/L AA, 7E 60 C Ji# 1 h 58 T
23 °C; B ND /R AA SRkl

Hi H N 45.72%, NI Fe* 8 Cu*'5 XG X AA 1R
R RSP E R . 4| e 1 (Fe* uk Cu™) 25l 52 1
UL S R R, Rl £7HAE AA, {HH T XG 17
TESSHINAR R D, XK S & R S T 5
AA PUH IR, BRI = A T SR R
2.2 AA BRBREhHZES

R T RS AA 5 XG 1V LR, AR
3 Fl N B 12 0T REXT AA BB R FRVEA TR A .
22 WoR TR AA MRV IR R AA B sh
12T FRIG S8, Hovh kB MR LS T FR At
SR, HR/INE— 2 TR e AA IR R, 5
AA JKIBEHTREA L, XG 119 AA BEFERTE R, 3X
HENIE T XG BIfFAESINE AA BIREf#. 1T 5 mmol/
L AA LA H IAESE R0, 30 T H R



- 156 - 5 Tk BB 2025 4F 2 H
—=— JK+AA+0.01 mmol/L Fe*
-+ - XG+AA+0.01 mmo/L Fe**
-a- JK+AA+0.1 mmol/L Fe**
A B c v XG+AA+0.1 mmol/L Fe?*
3160 1 E e 3160 s —————=— 3 1604 -+ JK+AA+1 mmol/L Fe?
\E SR e — - % g i }T\._<,,.__——t————t g
21201 Bofoa s 21209 s o R B = 210
i i . it
&80 1 &80 A T &80 e
4 ke SRS = 2 \ I > SR L .
2 —— JK+AA = s & i
2 40 -« XGIAA £ 40 { = XG+AA £ 40 .
p -a K+AA+0.01 mmolLFe -+~ XG+AA+0.01 mmol/L Fe** E ND
ES | e XGHAA+ 2 B | -2 XG+AA+0.1 mmol/L Fe** =2 41  ~ND . o
0 , XG ,AA O.IOl mmlol/L Fe‘ 0 - XG+AA+1 mmol/L IFez* 0 0 - -
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
Rz (h) SRz () ] (h)
—— JK+AA —— JK+AA+0.01 mmol/L Cu**
-e- )j(<G+AA —= XGrAA N -+ XG+AA+0.01 mmo/L Cu**
D ~a- K+AAT0.01 mmol/L Cu>  E SRS ANT0.01 mmolL G s K+AA+0.] mmol/L Cu**
v XG+AA+0.01 mmol/L Cu®* XA ] ol Cu “+ XG+AA+0.1 mmol/L Cu?*
2160 1 3160 1 k\i‘.—mr:no‘.u 31604 k- -+ JK+AA+1 mmol/L Cu**
§D = S = A\ "+ -« XG+AA+] mmol/L Cu*
=120 220y g 21204
2 50 = ; e =
: | gl ey B
. = v ré
E\ 40 A Tk ‘% 40 1 \\; ‘% 401
= Aeew B vz ND 5
=0 6= 0 - iz R = 0
0 01 02 03 0 01 02 03 0 01 02 03
ST (h) SRR T (h) ST (h)

B S BmaEETIRAD AA g
Fig.5 Degradation process of AA in systems with added metal ions
H: (A) B 0.01 mmol/L Fe*' Y 2li /K 5 02%XG(wiv) ¥ T AA & /248 4k; (B) ¥ 0. 0.01, 0.1 F1 1 mmol/L Fe*'ffy
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Table 2 Parameters for fitting the kinetic equation of AA degradation with different reaction systems

FYIT — 7 ZY0r R
S A - - -
k, TR JE R k, HE SR ks RS R

7K+0.1 mmol/L AA 2.77E-02 0.43 1.81E-03 0.43 1.19E-04 0.44
XG+0.1 mmol/L AA 5.91E-02 0.87 4.38E-03 0.88 3.26E-04 0.89
7K+1 mmol/L AA 4.36E-01 0.87 2.85E-03 0.88 1.86E-05 0.89
XG+1 mmol/L AA 4.40E-01 0.99 2.97E-03 0.99 2.01E-05 0.99
7K+5 mmol/L AA 4.40E-02 —-0.30 5.07E-05 —-0.30 5.85E-08 —-0.30
XG+5 mmol/L AA 5.08E-01 0.47 5.99E-04 0.48 7.07E-07 0.48
7K+1 mmol/L AA —7.63E-02 -0.21 —5.52E-04 —0.22 —4.00E-06 —0.22
0.1% XG+1 mmol/L AA 2.27E-01 0.27 1.62E-03 0.28 1.16E-05 0.28
0.2% XG+1 mmol/L AA 2.29E-01 0.81 1.66E-03 0.82 1.21E-05 0.82
0.4% XG+1 mmol/L AA 4.09E-01 0.82 3.21E-03 0.82 2.52E-05 0.83
7K+1 mmol/L AA-30 C 2.75E-01 0.64 1.79E-03 0.64 1.16E-05 0.65
XG+1 mmol/L AA-30 C 1.02E-01 0.52 6.62E-04 0.52 4.29E-06 0.53
7K+1 mmol/L AA-60 C 4.36E-01 0.87 2.85E-03 0.88 1.86E-05 0.89
XG+1 mmol/L AA-60 C 4.40E-01 0.99 2.97E-03 0.99 2.01E-05 0.99
7K+1 mmol/L AA-90 C 4.16E-01 0.63 3.16E-03 0.64 2.39E-05 0.64
XG+1 mmol/L AA-90 C 1.79E-01 0.37 2.03E-03 0.38 2.32E-05 0.39

e B TCHABIARTE, 2 XGHRIE ]0.2% (w/v), IUNAZ 60 “CRUW 1 h)E #8123 C.
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