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1 #REFE
1.1 HROgEE5EE

FEORTE AT 2 I (205 30%) , WA [ F XS £k
Fis Ak T4 BR 28 ] ; XAD-1600N L W B 44 il
bk a wR R A RA R B-THE MR (4l
JE>97%),C3G il -2 NFE (B-carotene)
b & A 52 18 Sigma 2 A B TC/K SRR |
FEWE B AR, Y At Wl 3 E 2 4R AL
FARAAA BRA A A P R, AIE R O, W A
Fisher,

HL PR R K VA B, RS R AR R A A A
SB25-12DTN #E A B IE WAL, T8 2 R MRk 4L
Jie A5y 4 FR 2N F 5 Centrifuge 5804R, 7 [ Eppendorf
2~ Hl sN-EVAP WAL, 328 Organomation 2\ A ;
T25 ultra turrax 701, 18 E IKA 2 7 ; RE-3000
JE e 28 AN, 1 o A AR T 5 v OB AH (3
1 (Waters 1525 % 7 i 3% 22 48 Fl Waters 2489 %
HNAT DL K I %% Waters 23 7] ;Q-SUN Xe-1-B
ST EALHE, 3£ Q-lab /A F] ;Spark £ I g EE A
{2, Hi+ Tecan 24 A ;CM-5 (FEM AL, HA
Konica Minolta 2 &) .

1.2 REHZE

1.2.1  gifbAetaty S BB IE B 50 ik X T
() SR AE (AT AT 4R B 4l fb , IR Xt alifb J5 1 €3G
HEATWORH ARSI, VA 45 SR R C3G WAL 98%
Lk,

122 B-#1% MRS H % K g
B NRELL 14 (m/V) I E A3 A TR B 2% vh i
(0.2 mol/L,pH 6.0) 1, 7E 55 C/KM x4, filf
FHAECHLLA 14 000 r/min B %5 3 431 40 min, BJ115
B-HHE N RIS

123 EHERBETEIUARGE & M THRE
HRGIT I 5RE NRI R
B BCE IR G B SE I 3R F AR A )T
GHERZMEOT LAY PR —REHE-
3-O-H 4 B 17 (C3G) K B3 N Z A Jy F 58 %t
G, VA W2 T 4 i B R S R T R s AL 4
AT pH E T, LIRS [ iR 6 A S
i, AH T LA C3G 5 - N FE O R T
WA R, K ,C36 5 p-1% M RIRER
WE S T LS ARSI WA R

i B pH AR 95 T T L SRR T A v A B R 2
T (NG 880 28 R SR A 5% 12%) 5 pHL 1
(pH 2.0 .pH 3.5 .pH 6.0) 8% , & 1 ¥ B W JE AR I
T SR R B R, 4k 0.1,0.3,1
mmol/L,
124 #REMEE AR I TR R,
BRI 50,70,90 CHl BE 451 N ¥4 m#, &b
40 min JCRERZIN . HAR T A0 R FE SR 3 mL 43
PR EN PE B 7R E MR T HIRKE
FERVE B EE T R WIR S, SRIEZ A 5] R e
AL RS REE RS HEAT VKR VKU R i
T=20 CHAM TR 1
1.2.5 JGMFRE MRS BRSBTS
OB RE, RERE 2 h BURERE AR AR A R E N R
() AR, R S e A B R B R AT UK
VKIS AR E T 20 CIRAE A E— 2 20 HT
1.2.6 FMEFEMME  FHOGEOZET, DU
M bR E, K HunterLAB 36 {6 28 45 I
FEM B R R L R o F b7, MR L a
O S A 2% (AE) TR AT .
AE=[(AL")*+(Aa’)*+(Ab*)]"
127 FAH TR E SRS TR
0.22 pum f AL B 3k 8 I 2 AR . R
RO A6 3% | AR C18 AR mT DLEAG % i 3
FH A 1% KB, A AH B 1% W W g 17
B VR, Ve T R 0~2 min,92%~88% ,0~2
min,92% ~88% A,2 ~5 min,88% ~82% A,5~10
min, 82%~80% A ,10~12 min,80%~75% A,12~15
min,75%~70% A ,15~18 min,70%~55% A ,18~20
min,55%~20% A ,20~22 min,20%~92% A ,22~30
min,92%~22% A ; i A 1 mL/min, £ % K 4
515 nm, #AE R 10 pL, #EE 30 C.
1.2.8 B-fHE MNELEGME S-S NENEE
B2 B8 Knockaert 227 /B2, B 1 mL &£
din, A CBEFNE E 6 (R 1:2) IR S,
P B L2 AOR, SRR EE A 3R, AT
LEERGE, T 10 mL FEifb e, WHE
450 nm RO, MR - D R bRifERT
TR B-E bR,
1.2.9 Al WOGRERG I BT B T WA 300~
700 nm A] WO [ A H#EAT A, A BDGIE R 4
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AT it A S5 IO I A i R Ak 8 IR W1 L, K
R RPRATCBUE . Hop KA pH R A F R A
3 ) FHT AR 68 R pHL B B 28 nfr o 0 E AT 36 2 A R
IRG HEAT S Hh— R WG HEAT 4

1.2.10 B8l 12 AR T2 000 RZHE5E
KU, EOH KOS DRI EIE— BN 3)

Jyof BRSO fl i i 5 R B T BLA R P R C36
5 B-11E N ER IR AT — S A B
FCRE A 3 12 2 M G AT ke AN 3] 1) R
T2 HALRE E,, 5578 AH 35 A AR BE AG
Lo Ae AS) IR R A AR

F1 BBINZRBAZSHITEAX

Table 1 Calculation formula of degradation kinetics and thermodynamic parameters
PN B4R
M F ln(L)z—kxt k A — R w ik B A, minT e, A F B h
Co
fo=_In(1/2)
T
Sy 5 k:koxeiE'/RT Ea %1 7% 1 gk kJ/mol; AH A %5 % kJ/mol; AG 1 & # A & & 48 ,kJ/
AH=FE -RT mol ;R 4 &4k 4 ,8.314)/(mol - K) ;AS 4 % &  kJ/mol;h =% & 81 £
Eh T3 ,6.626 2x107 55k I R % F W 4 ,1.380 6x10% J/K
AG=-RTIn( )
kT
_ AH-AS
AS= T
1.3 HIESH 21 ESEMERRUABE

K H] SPSS21.0 #E 47 Duncan’s ¥ 56 () 22 7+
FE S BT I Pearson AHIEPE AT, P<0.05 /R 2 57
B3, P<0.01 £/ 22 50 8 % s B & | Origin X 1F
22 s B ¥ LIS I E AR i 22 /0K

C3G B-TH%E NE K C3G-B-HE NEE AW
PR R EPEME 1 Kk 2 B, BIE 1 AT, 76824
IR ST, B A EA R 2 DL €36 h &
52T 6 BT % N FE X A RLRIA R 655
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Fig.1

Apparent color and color swatches of C3G, B-carotene and their complex simulated system

®2 CGB-HEPNEREAHRRURE

Table 2 Color parameters of C3G, B—carotene and their complex simulated system

15 4% L a b
B-#¥ & 98.40 + 0.00 0.59 +0.03° 0.32 +0.02°
C3G 35.15 £ 0.05" 62.76 = 0.04° 40.74 £ 0.11*
RN 34.46 = 0.06° 61.62 +0.02" 36.29 = 0.08"

WA ) F B R R A 0.05 /K F-22 53 83 (P<0.05)
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Fig.2 UV-Vis spectra of different

pH simulated systems
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221 AIF pH {E X 5 G AR 220038 4 P 1 52
W ASE) pH B A RSP 2R A R BOG 1 &l 2 e
o MEHADILEE B 7E 350 nm Ab B WL %€ 21 B—
WA DR AR AR MO B AR S s, T RERY
JU IR 2 B— 5 N 3R A G i bV i R AR BT
H A 56 45 15 e B I

ANTF pH AR Z51F T K R AE 530~580 nm 1 [H]
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T IR R BE PR 08 R R SO K T L, 2 pH
2.0 MR 2 3.5 B R F 09 268 DK 1 6878 B K
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W, 3 R AL 0T S5 1 52 192 B 2% 111 5 1 95 K 11
SRR — ek, 7EANTR] pH B B9 K ¥ W AL £
TAFTE 4 ROy TS5 P4, G035 21 60 5 i FH 2
F (Flavylium, AH*), Jo& % H BE{E K (Carbinol
Pseudo-base, B), ¥ %5 (40 A 68 (Quinoidal Base,
ARG AR B (Chalcone, C), Y41& &R pH HE
NI AR T DLAT A v A BH 2 (AH) B TE X
FATE KRR B B pH B K, K F R
Yoty AHY 2 A, i R HORUsE A= 1 TG 2 1) B f
o B Sl S ARG A, SR EE MOGIE R
fIE A A UM e R W A LR R . I
Gb, HT B-1HE MR A pH E M HAE H A
0 JRAF T VR BE U iR BRAIG SO R RO R
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Fig.3 UV-Vis spectra of different ions simulated systems
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e ) A ARVE A g s AL BE IR €3G 4 F i i
fip ¥ 5, thnl B2 A C3G AR % 2 45 H A B
LRSS PSR E TRATE %G, X F
KA YRR E R TAE T, A S R AT i
B 225 SEUIE 5 R IR Fe il W R AL (T I TR
FEAEVLYE , B i 2D A B £ AL A R R
RAATG ;5 S VR 5 & B 1) 5% 6 K A6 €0 09 9% Wom
A Fe¥, BEWCHGHE AR AR 4, JF ™ A R AR AT
VE, FARERM N EZMAEBEE Fe N A R 2%
AW WOE R R K R N A T e A (Lt
TR & AR R 5 8242 i
2222 CaX & A HHUA ZGIS R A
3¢ A& i, Ca® XA R 1 35 KW e I K I8 A 5%
Wi, L BE A Ca® ¥ BE (385 i, 7 2 i WO B e
R TR B Ca? X AL o T IS AT B /R, X — 4521
5 H A G RARR, E 3a AT E T, Ca? ANy
il R R0 % AR AR Ak, TR A6 1T T BT
B NEALY Ca & & 1 kR A s H T
Ca* 5 LIk 5
23 PpHERBEEMNEAEMERABEENZ
i

RGN T R b i b RRE R | ELR AR R
Ab 3R B T R EORN R 2 e O AN TR A
A pH EAFTE 22 5, UL, 2 F A =% H
PRAh H A R BT B R L, RS T ORI
(REWE RbE ) BE TR 250 (0% ,5% ,12%)
K pH{E (pH 2.0.pH 3.5 pH 6.0) £ [A] B
(50,70,90 CHZMH N, XA R T C3G K B-TH % K
FERUETER W,
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2, N 4 Hhom] DTSR 3l ) 2 280 A 48 By
R A ¢, HETONRDIRBE ST (Y 1R
I3 1280 Kot 2 ATy 2E A AT DSOS
N ITE AL RE B, W78 AH AR A AEAG M
WAS, 25 R 3, LEXRR (R 1>0.836) %1,
C3G K B-tHE M RIABEMAFRE S R
SOrFE . B de AT C3G 1 HA R A o R 35 Bl 2
T EE £ T v i bR 2 IR Ay e fie o R B KBGO
gt ] 1, AR/ o D P AT R AR
AR FHE IR I I M PH S 1 (AH) 2% H P e T 7K g A
T 2052007 W B HLAF AR 1S DR, DA s P 7 5 1)
ANV Y PP A R A R R T A AR
O TR A5 8 T SR T R

B-tH%E N RIE R (K 4e)  BEE RIE BT,
B-HHE N R A B i ARG, B R Ak
AR AR T C3G, KW B-HE D RIEX 54
FF R MR T C3G,

BAEBPAR R pH 2.0,3.5,6.0 B C3G i
fLRE 2391 A 65.63,83.00 Al 30.43 kJ/mol, X A
pH 3.5 MR R I e Mok, AR S Li 450
WFFE 45 AT, AT T 8 Z A A 7F pH
2.0~6.0 M#GEEM:, 45K pH 3.0 BB H
MG ALRE Ea (111.57 kJ/mol) #F pH 2.0(99.95
kJ/mol) X pH 6.0(89.38 kJ/mol) I} [ 1% fk fiE . 4%

00fs

08}

METE R
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Fig.4 Thermal degradation pseudo first—order kinetics of C3G and B-carotene

in the simulated systems of different pH
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pH 6.0 MEGEZR T - b ER i,
pH 2.0 IKZ ,pH 3.5 KR T - % b FE g A
FagE o X H G- b F IR R G AR R G
fRRe I, AT B8 b BT EE TR,
T 2= SRRy IR i sh ) 2E 4R Y
(3R 3), KA (AH )RR S & A 1 U 9
PG e /D RE R B 5 RN Ak A R I R A G
2 B BN o R P 4 R A i N AR Y, €3G
K Bt N FEM AH 52 AR R R A/ i
Wof i o A v B 9 2 TR/ B 0 B TR DG I Ak | H
AH YRR C3G K -8 | 2 it 1 7
SR WA, BN ek B R e, AR i A R AT
I TEALS S WIE S i 0 A BB (A G)IRER
SN )R e S TR AR S Z M 22 5%, TR

W 52 0 fig 5 R AT, 2R 3 AT IR & C36
Ko B-11 8 I 2 PR 1 55 A 0 B H R TE A [
JE 46 R AR AR K (112.06~115.68 kJ/mol , 109.73~
123.10 kJ/mol) , H AG ¥R 1EAE , F B C3G K B-
B N R B N AR B R, AR (AS) R
RBARZ o FRRELE L, EE S BEA T RIS
R N B BE T I o0 F R AT OC . AS A2l AR A
AN AR, C3G K B N EAS R
TA, U6 BH R I A S5 8 A R AR T RN
HAEBEA R, AR pH E &M T ,C36
oY B N AREEMR R AR A 22 AR K nbd €3G
), pH 6.0 1K & 1 AH i 27.41~27.74 kJ/mol ,
i pH 2.0 WK 62.61~62.94 kJ/mol , 5 Bl {4 2 4
o, 24 & T C3G 1Y AH(79.98~80.31 kJ/mol )

*3 ARApHEESGEMEZRS C3IGMB-AE NERLEIEHERSH

Table 3 Degradation parameters of C3G and B-carotene during heat treatment in the simulated systems of different pH

o T/ k/ b/ EJ AH/ AG/ AS/
C 107 min™ h kJ-mol™"  kJ-mol™ kJ-mol™! J-mol™
C3G 2.0 50 0.50 23.10 65.63 62.94 110.78 -148.04
70 3.25 3.55 62.77 112.47 -144.82
90 7.24 1.60 62.61 116.78 -149.16
3.5 50 0.28 41.26 83.00 80.31 112.34 -99.11
70 2.11 5.48 80.14 113.70 -97.79
90 8.34 1.39 79.98 116.35 -100.15
3.5(404 C36) 50 0.31 37.27 85.75 83.06 112.06 -89.74
70 2.17 5.32 82.90 113.62 -89.53
90 10.39 1.11 82.73 115.68 -90.74
6.0 50 8.21 1.41 30.43 27.74 103.26 -233.70
70 16.52 0.70 27.58 107.83 -233.87
90 28.54 0.40 27.41 112.63 -234.68
B-#¥ M & 2.0 50 0.23 50.23 41.81 39.13 112.87 -228.19
70 0.98 11.79 38.96 115.89 -224.18
90 1.25 9.24 38.80 122.08 -229.34
3.5 50 0.42 27.51 18.29 15..61 111.25 -295.97
70 0.61 18.94 15.44 117.24 -296.66
90 0.89 12.98 15.27 123.10 -296.93
35(AB-HF M%) 50 0.74 15.61 31.58 28.89 109.73 -250.15
70 1.48 7.81 28.73 114.71 -250.58
90 2.7 4.28 28.56 119.75 -251.12
6.0 50 0.99 11.67 45.62 42.93 108.94 -204.28
70 1.70 6.80 42.76 114.32 -208.52
90 6.54 1.77 42.60 117.08 -205.11
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I T 115 & 19 A H (82.73~83.06 kJ/mol ) ; ifii B—1 &
NZE BRI R AH N 28.56~28.89 kJ/mol, L AH
W pH &M FE G R B-HHE MR K, X
#W] C3G K B-tHE N RIEAMBTEGWERR 1
PAh P R R B s IR R 2P, pH 6.0 &
AW FE T C3G M AS 45 R 233.70~234.68
Jimol, BHE T pH 3.5 BF AS 45 %l 97.79~
100.15 J/mol, iXx KW & 51k & C3G 7E pH 3.5
SAF R ORI B AN U M pH (E LIRS, 9
U R G0 5 H A 5 ) 27l 22 ) i BE R R A
F 1 C3G K AR AR A AR, I X T B 2
NZE pH 6.0 BEAIKZRAS 4% {H h 204.28~
205.11 J/mol, Bl BAKF pH 3.5 R R AS 46 XHA
295.97~296.93 J/mol, KW B-i% NZETE pH 6.0

40r

20 j
[ pu3s =
[ 1pH3.5 (control)

sf | [_IpH60 ;

20

h
g
f
e
0k 7 de
be c
b
a
0
50 70
il 2

M2

Total color difference

90

Temperature/C

(a)

S50 R O I B AN EURR S REMA R A IS
THE IR B A AT ARREAG
KA AS 5 C3G F1 B-tH 3 b FE K RAH LI R
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Table 4 Degradation parameters of C3G and B-carotene during heat treatment in the simulated systems

of different sugar types

o T/ k/ tin! E/ AH/ AG/ AS/

C 10° min™ h kJ - mol™ kJ - mol™ kJ+mol™ J-mol
C3G Sue 50 0.36 32.09 77.00 74.31 111.66 -115.58
70 1.69 6.84 74.15 114.33 -117.11
90 8.5 1.36 73.98 116.29 -116.51
Gle 50 0.27 42.79 78.40 75.71 112.44 -113.64
70 1.65 7.00 75.55 114.40 -113.23
90 6.69 1.73 75.38 117.01 -114.64

Fru 50 0.60 19.25 80.95 78.27 111.31 -99.10

70 5.41 2.14 78.10 111.01 -95.91
90 16.29 0.71 77.94 114.33 -100.21

B-A¥ & Suc 50 0.42 27.51 18.29 15.61 108.52 -330.91
70 0.61 18.94 15.44 115.04 -331.11
90 0.89 12.98 15.27 121.78 -331.90
Gle 50 0.45 25.67 14.23 11.55 111.06 -307.96
70 0.55 21.00 11.38 117.54 -309.36
90 0.81 14.26 11.21 123.39 -308.89
Fru 50 0.36 32.09 17.87 15.18 111.66 -298.57
70 0.51 22.65 15.01 117.75 -299.40
90 0.75 15.40 14.85 123.62 -299.53
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Fig.8 Thermal degradation pseudo first—order kinetics of C3G and B-carotene in the simulated systems

of different sugar contents



170 hoE

i oF i

2023 455 6

Xt AE G AR E PR R M A 52 2%, — T T, i el
R/ K, TN A 8 ARSI
W B B 1 A 7K S A P 2R I TR Al 45 A Y 3
A&, DN A — 7 i B 400 46 €0 ) e, B
XEAECH B PR AP VRIS, 55— 07 T, Wl 3R Ao A
Reefige 2 0, AOBRTRE | 5 PP RERERE 45, AT 5 4 (0 A
B A B ) T, L R A, LR AR WS R
B, B W R W, PR &R P C3G i AR
AE Ea AWr ETH, KRB C3G o 1 bl 4 0 ik i 1)
ST, BIOHE XA @ R B B AR AP R
THEEMAER . SRR R R C36 FasE
PESE MR B 25 AT S, B R 2 8 B % 1
HIYTEALRE £, BT B B vk BT g—51 % b

FHA IR ER, T RB Ay R th T 0
7T AR A 1) 7 A ok e TR A A5 EL A R
(2% HL UV B T, BB I B3 N R = i il
HR A A AR

H12e 5 W, A EUA R b C3G F BT 2
NZ RS AS (A H ) 53 50 b6 A TRERE v B 1 385 fn it 2
IR 32 T v R AR A R B SR W] C3G 7 v ik B
W AR R R SO IR R A 4 T BT b
O LA Ve TR A G R R v 9 e IR R
2, mATARER B AH B AG ¥R IEAE AT, 7R
TN [ v B 1 RE W O R A8 2 G K &R rp €3G
B-HHE NEA R WA, RIA WA IE B & R
IV .

x5 AREEBREEAEMERF CIGMB-HE NERLELREIERSE

Table 5 Degradation parameters of C3G and B—carotene during heat treatment in the simulated systems

of different sugar contents

P T/C k/107 min™ tin/h E/kJ-mol™  AH/KJ-mol" AG/Kk]J-mol" AS/J-mol™
C3G 0% 50 0.30 38.51 73.14 70.45 112.15 -129.04
70 1.45 7.97 70.29 114.77 -129.63
90 6.02 1.92 70.12 117.33 -130.00
5% 50 0.36 32.09 77.00 74.31 111.66 -115.58
70 1.69 6.84 74.15 114.33 -117.11
90 8.5 1.36 73.98 116.29 -116.51
12% 50 0.33 35.01 85.98 83.29 111.90 —-88.53
70 2.09 5..53 83.12 113.73 -89.19
90 11.21 1.03 82.96 115.46 -89.49
B-#% % 0% 50 0.34 33.98 19.27 16.58 111.82 -294.71
70 0.50 23.10 16.41 117.81 -295.48
90 0.75 15.40 16.25 123.62 -295.67
5% 50 0.42 27.51 18.29 15.61 108.52 -330.91
70 0.61 18.94 15.44 115.04 -331.11
90 0.89 12.98 15.27 121.78 -331.90
12% 50 1.16 9.96 4.27 1.58 111.25 -295.97
70 1.32 8.75 1.42 117.24 -296.66
90 1.38 8.37 1.25 123.10 -296.93
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Effects of Compounding Conditions on the Physical and Chemical Stability
of Cyanidin—-3-0O-glucoside and B-Carotene of the Simulated Mixed System

Xie Huimin, Bi Jinfeng, Liu Xuan®, Jiang Xiyu, Liu Jianing
('Institute of Science and Technology, Chinese Academy of Agricultural Sciences, Key Laboratory of
Agro—products Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193)

Abstract To evaluate the degradation mechanism of anthocyanins and carotenoids from compound fruit and vegetable
juice rich in anthocyanins and carotenoids, cyanidin-3-O-glucoside (C3G) and B-carotene was used as the research ob-
ject. By constructing different simulated systems, the effects of metal ions, pH, sugar species and content on the C3G
and B-carotene stability were studied. The results indicated that the thermal degradation of C3G and B-carotene fitted to
the first—order reaction models, and the degradation of both components were nonspontaneous endothermic reactions. After
C3G and B-carotene were compounded, the stability of anthocyanin did not change significantly while that of B—carotene
decreased. In addition, the effects of different sugar types and contents on the thermal degradation of C3G and B-
carotene in the simulated compound system were different. The stimulative effects of sugars on degradation of C3G were
according to the ascending order: fructose > sucrose > glucose, and the stability of anthocyanins increased gradually with
increment of sugar contents. However, the effects of these sugars on B-carotene were not significant, and the stability of
B-carotene decreased gradually with increment of sugar contents. The results provided the theoretical basis for the research
and development of compound fruit and vegetable juice rich in anthocyanins and carotenoids.

Keywords cyanidin—3—-O-glucoside; B—carotene; simulated system; compound condition; degradation mechanism



