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Abstract: The present research was aimed at studying the copigmentation effect of organic acid on purple cabbage anthocyanin in water
system. The results showed that with the increasing concentration of tartaric acid, erucic acid, ferulic acid, tannic acid and caffeic acid, the
absorbance and preservation rates of the purple cabbage anthocyanins were increased, the maximum absorption wavelength red-shifted, and the
browning index was decreased, indicating that organic acid had copigmentation effect for anthocyanin and the effect improved with the
increasing concentration of organic acid; At 70, 80 and 90 °C, organic acid copigmentated anthocyanins were in line with the first-order
degradation kinetic model, and activation energy Ea was improved. Ea of tartaric acid group was increased by 67.70%, and t,, was 42.52, 36.87
and 13.15 h, respectively, which were significantly higher than those of the control group (9.47, 8.25 and 6.48 h, respectively). The thermal
stability of anthocyanins was significantly improved (p<0.05). The Gibbs free energy AG and enthalpy change AH of the five organic acid
auxiliary colors were positive, and the entropy AS was negative, indicating that the copigmentation was an endothermic nonspontaneous process
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with decreased variance. After anthocyanin copigmentation, L* showed an upward trend with the increase of temperature and the extension of
time, while A * decreased, and tartaric acid group was significantly higher than the control group (p<0.05). The purple cabbage anthocyanins did
not change before and after the copigmentation treatment, and it is speculated that the secondary color reaction was non-covalent bonding. It is

concluded that organic acids have copigmentation effect on anthocyanin of purple cabbage, and it can be considered as cochromic agent to

improve the stability of anthocyanin in food processing.
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Fig.1 Visible absorption spectra of the solution after
copigmentation of anthocyanin with co-pigments at different
concentrations
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Table 1 The effect of heat treatment on the A,,,, of purple cabbage anthocyanin solution under different organic acid systems
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Fig.3 Effect of heat treatment on the browning index of purple

cabbage anthocyanin solution under different organic acid
systems
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Table 2 Kinetic parameters of purple anthocyanin solutions of different organic acid systems under heat treatment at 70~90 C

—%

A BRC o toh Ealklmoh  Dh o Z/C AHAKI/mol)  AG/(KVmol)  AS/(Jimol)
70 09260 00732 947 31.46 1291 91.86 -230.17
x84 80 09774 00840 825 1576 2741 118.02 12.83 94.22 -230.57
90 09274 0.1069 6.48 21.54 12.74 96.24 -230.03
70 09277 00163 4252 141.26 45.95 92.37 -135.34
EEE 80 09262 00188 3687 4880 12248 32.80 45.87 98.38 -148.75
90 09130 00527 13.15 43.69 45.78 98.61 -145.54
70 09678 00197 35.19 116.88 38.68 95.60 -165.95
XF8 80 09457 00291 2382 4153 7913 43.60 38.60 97.33 -166.37
90 09358 00535 12.96 43.04 38.51 98.33 -164.79
70 09377 00414 16.74 55.62 14.65 93.48 -229.83
FI#E 80 09417 00549 1263 1750 4194 107.83 14.57 95.47 229.18
90 09159 0.0631 10.98 36.49 14.48 97.84 -229.64
70 09070 00318 21.80 7241 2529 94.24 -201.02
#rE 80 09579 00429 1616 28.14 5367 67.90 2521 96.19 -201.08
90 09345 0.0626 11.07 36.78 25.12 97.86 -200.39
70 09070 00238 29.12 96.75 31.57 95.06 -185.10
drdkBR 80 09330 0.0331 2094 3442 69.56  54.82 31.49 96.95 -185.44
90 09617 0.0545 12.72 425 31.40 98.28 -184.24
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Fig.6 HPLC profiles of purple cabbage anthocyanins before
and after copigmentation
E: af R AR, BAR. TR, FIEER. LT,
ol BR A &40,

3 ZHig

WATR. FF TR FIERIRR. S R AR 48
HEE T A ERN .. EHIEEETT A GG
WURIR LG I K, 7E 70, 80 90 CRAn# 5h,
A LR C 2 AL CoTFFIsont RS H B 0 5B RN 2T R 301
%, HHEROTR TR A, AYIRESEE
O AVURA SR H IS O R B L* . a*,
bHEBIRLE . EFAREER TR, VR ESE
WA e e S, WATRIE S R, BIEk
FRIELEE . HHFABEAREN 15500, SR H e o AP A
e —%E 1% (R>09), 70~90 CTFh#5h, A
BURRZH t o 3575 T 0 B, VA TR Ea 55 KA 48.80 kJ/mols
FAIBAAR Ea fix/MXH 17.50 kl/mol, HIFAHE Z 18 /)N
N 32.80 C, XHEZH N 118.02 °C, SZI& AG Al AH
%10, At FENAE B AR H SR AR A2
N BRI R AR NSIRETEE, AS<0 HilA
FRZH AS A5 HEMR T3], EARIE R G idae
YRR, HPLC 25 R Ut B A IR (58 H s e et
BIRF AT, RS EE SR (BRI
KMEAERD SEHEAT TG .

[1] 3% SO, B SR S H IR E AR MU A (B 7T [T]. £ S 5T
5IF5,2006,27(3):42-43

PAN Wen-jie, LYU Wen-hu. Study on the extraction
condition of pigment from the purple cabbage [J]. Food
Research and Development, 2006, 27(3): 42-43

[2] B HARBRIAR] S NS A5 S H IS AE O L e S s A e
T B W 2 T 2 0], B TR, 2015,36(3):95-98
LEI Yong-dong, WEI Xiang-li, LUO Xiao-ling, et al

105



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

106

Analysis of the anthocyanin profiles and anti-TGEV activity
from purple cabbage [J]. Science and Technology of Food
Industry, 2015, 36(3): 95-98

R T L85 X S T A5 e RO B vl DU AT R AT I 1) 5
3 56 SRR IR AR T [0 2 T AR 2 2011,
39(3):419-424

LIU Yu-qin, JIANG Ting, ZHAO Xian-en, et al. Analysis of
by high
chromatography-quadrupole

anthocyanins in purple cabbage and kale

performance liquid
time-of-flight mass spectrometry [J]. Chinese Journal of
Analytical Chemistry, 2011, 39(3): 419-424

Wieslaw W, Dorota S N, Joanna T. Changes in the content
and composition of anthocyanins in red cabbage and its
antioxidant capacity during fermentation, storage and stewing
[J]. Food Chemistry, 2015, 167(15): 115-123

Joanna K D, Kope¢ A, Ewa P, et al. The beneficial effects of
Brassica vegetables Roczniki
Panstwowego Zaktadu Higieny, 2012, 63(4): 389-95

VRIE, A A SR, A5 AL (R B O A MRS
PEBEFEHE R[] fr il T RH,2016,37(14):379-384

XU Sheng, QU Da-cai, HUANG Hui-ming, et al. Review on

on human health [J].

anti-tumor activity of anthocyanidin and anthocyanin
monomers [J]. Science and Technology of Food Industry,
2016, 37(14): 379-384

TRmh R EF S B BB IET RE D-EINEEeE
/N RO LA TR AN B B B2 P PR R 0] R 2=
ZEI9T,2019,28(20):3649-3652

ZHANG Qing, WANG Sheng-kun, LIAN Xiu-yi, et al. The
antioxidant and free radical scavenging effects of Xiahei
grape anthocyanin in myocardialcells of aging mice induced
by D- galactose [J]. Henan Medical Research, 2019, 28(20):
3649-3652

A E SRR XA, 2. 1-MCP %41 2 3 s a4
Lt ISR PR A S50 T,2007,5:14-17

LI Fu-jun, ZAHNG Xin-hua, LIU Lu-qiang, et al. Effect of
1-MCP on wound-induced ethylene synthesis of starking
apple fruits during storage period [J]. Storage and Process,
2007, 5: 14-17

Faria A, Fernandes I, Norberto S, et al. Interplay between
anthocyanins and gut microbiota [J]. Agricultural and Food
Chemistry, 2014, 62(29), 6898-902
AT AEAS R ERH R LA R et
(K1 FE[D]. Jo VLR K2,2018

HE Wen-jia. Study on the interaction of milk protein with
cyanidin-3-O-glucoside and its effect on pigment stability [D].

[11]

[13]

[14]

[15]

[16]

[17]

[19]

Wauxi: Jiangnan University, 2018
R HE FRRAET R I T LI M AR R A
i AT PR FE[D] A A A AL Tk K 2,2018

ZHU Yong-sheng. Study on the molecular modification,
activity and prebiotic activity of anthocyanins from black rice
and preparation of anthocyanins salts [D]. Hefei: Hefei
University of Technology, 2018

FENT AR 28 7R (R I AR X FAU BEAG T 7E [ D] K
AR E,2018

CUI Li-xia. Extraction, purification and microencapsulation
of Perilla anthocyanins [D]. Taiyuan: North University of
China, 2018

R IRAHE, I B, TP 4 B T R M 2t S R X M A A €0 PO Bl
AR B dh 5 AR 101,2019,45(4):74-80

LOU Le-yan, YUE Yang, YIN Pei, et al. Co-color effect of
tannic acid and chlorogenic acid on bayberry anthocyanin [J].
Food and Fermentation Industries, 2019, 45(4): 74-80

Maarit J E, Marina H. Anthocyanin color behavior and
stability —during storage: effect of intermolecular
copigmentation [J]. Agricultural and Food Chemistry, 2002,
50(25), 7461-7466

TRANER, A S 58, IR, 55 AN A HURO R R (i £
ORI, B b 5 R Tk, 2013,39(6):105-110
ZHANG Lixia, ZHOU Jian-zhong, GU Zhen-xin, et al.
Effects of different organic acids on the co-color effect of
blackberry anthocyanins [J]. Food and Fermentation
Industries, 2013, 39(6): 105-110

G SRS I R AR ERlAL ST AR £ NSRS INAT W
BRI A E R F41,2017,19(8):92-104

ZHANG Bo, ZHU Xia, SHENG Wen-jun, et al. Studious on
copigmentation of anthocyanins in red wines [J]. Journal of
Agricultural Science and Technology, 2017, 19(8): 92-104
VS, AR T, rei B, A5 B P i ) SRRV R B L R4
A SR ME ). B it Tk RHE,2018,39(13):198-205
Bl Kai-yuan, CUI Shan-shan, GAO Yang, et al
Ultrasonic-assisted pectinase extraction and identification of
anthocyanins from Rubus idaeus L [J]. Science and
Technology of Food Industry, 2018, 39(13): 198-205

TRLEEEH, FIVERE, X8 PR, 55 KL IR B RS 25 £ €20 PO R
PERE[]. £ AHE,2018,43(9):302-309

TAN lJia-qi, SUN Qi, LIU Chun-cheng, et al. Adsorption
properties resin  for

of macroporous adsorption of

anthocyanins from raspberry [J]. Food Science and
Technology, 2018, 43(9): 302-309

André S, Nadirah R, Christian M, et al. Anthocyanins



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

[20]

[22]

(23]

[24]

[25]

[27]

[29]

(30]

degradation during storage of Hibiscus sabdariffa extract and
evolution of its degradation products [J]. Food Chemistry,
2017,214: 234-241

Holman Benjamin W B, Ponnampalam E N, van de Ven
Remy J, et al. Lamb meat colour values (Hunter Lab CIE and
reflectance) are influenced by aperture size (5 mm v. 25 mm)
[J]. Meat Science, 2015, 100: 202

Garzon G A, Wrolstad R E. Comparison of the stability of
pelargonidin-based anthocyanins in strawberry juice and
concentrate [J]. Journal of Food Science, 2002, 67(4):
1288-1299

Wang Wei-dong, XU Shi-ying. Degradation kinetics of
anthocyanins in blackberry juice and concentrate [J]. Journal
of Food Engineering, 2007, 82(3): 271-275

Verbeyst L, Oey 1, lesel Van der Plancken, et al. Kinetic study
on the thermal and pressure degradation of anthocyanins in
strawberries [J]. Food Chemistry, 2010, 123(2): 269-274
Tk, BUGE, £ 8%, 5 AR TP LR 1A 28 AR b A 5
I R AEE,2016,37(1):109-113

MA Yong-qiang, WEI Jing, WANG Xin, et al. Kinetics of
non-enzymatic browning reaction from ascorbic acid model
system of blueberry juice [J]. Food Science, 2016, 37(1):
109-113

Mercali G D, Gurak P D, Schmitz F, et al. Evaluation of
non-thermal effects of electricity on anthocyanin degradation
during ohmic heating of jaboticaba (Myrciaria cauliflora)
juice [J]. Food Chemistry, 2015, 171: 200-205

Mercali G D, Débora Pez Jaeschke, Tessaro 1 C, et al.
Degradation kinetics of anthocyanins in acerola pulp:
comparison between ohmic and conventional heat treatment
[J]. Food Chemistry, 2013, 136(2): 853-857

B A A2 AR, BT A0, 55 o OB B AR BT L BESIANK
R R I HTiREe EE,2012,31(12):43-47

HU Li, ZHONG Ling-li, MAO Jian-fei, et al. Determination
of anthocyanins in food, vegetables and fruits by high
performance liquid chromatography [J]. Chinese Journal of
Analysis Laboratory, 2012, 31(12): 43-47

ZHANG Bo, LIU Rui, HE Fei, et al. Copigmentation of
malvidin-3-O-glucoside with five hydroxybenzoic acids in
red wine model solutions: Experimental and theoretical
investigations [J]. Food Chemistry, 2015, 170: 226-233
Fernandes A, Bras n F, Oliveira J, et al. Impact of a pectic
polysaccharide on oenin copigmentation mechanism [J].
Food Chemistry, 2016, 209: 17-26

Malien-aubert C, Dangles O, Amiot M J. Color stability of

[36]

[37]

[38]

commercial anthocyanin-based extracts in relation to the
phenolic composition. Protective effects by intra and
intermolecular copigmentation [J]. Journal of Agricultural &
Food Chemistry, 2001, 49(1): 170-176

Santos-buelga C, Gonzalez-paramés A M, et al. Anthocyanins
[M]. Oxford: In L Melton, F Shahidi, P Varelis (Eds.), 2019
SUN Jian-xia, CAO Xia-min, BAI Wei-bin, et al.
Comparative analyses of copigmentation of cyanidin
3-glucoside and cyanidin 3-sophoroside from red raspberry
fruits [J]. Food Chemistry, 2009, 120(4): 1131-1137

R RIAMIACAE T B S 0 St APAP 5/
B R4 E FHBIF ST [D]. 4 22 BRI IR 24,2018

MIAO Nan. Study on extraction, co-pigments and protective
effect on acute liver injury induced by APAP in mice of
anthocyanins from Lycium ruthenicum Murr [D]. Xi’an:
Shaanxi Normal University, 2018

25 P BT A e (o (1A E 1 SN I 7 (D). R R
K2£,2016

LI Dan. Studuy of stability and application of the anthocyanin
extracted from kyoho grape [D]. Chongqing: Chongqing
University, 2016

Markovic J M D, Petranovic N A, Baranac J M. The
copigmentation effect of sinapic acid on malvin: a
spectroscopic investigation on colour enhancement [J].
Journal of Photochemistry and Photobiology B: Biology,
2005, 78(3): 223-228

Gris E F, Ferreira E A, Falcao L D, et al. Caffeic acid
copigmentation of anthocyanins from cabernet sauvignon
grape extracts in model systems [J]. Food Chemistry, 2007,
100(3): 1289-1296

AR, A, VIR v RO - B IR R T S
R EA] & RFE,2009,30(14):230-234

WANG Wei-dong, LI Chao, XU Shi-ying. High performance
liquid chromatography-electrospray ionization tandem mass
spectrometry for the analysis of anthocyanins in blackberry
fruit [J]. Food Science, 2009, 30(14): 230-234

TR, B e, PR, 55 T PR R 20 R S A £ T Al R SR 2
SE PRI [T]. H RO AL,2017,50(4):732-742

SU Fan, XUE Jia, YANG Xij, et al. Effects of phenolic acids
on copigmentation and stability of anthocyanins in
red-fleshed apple [J]. Scientia Agricultura Sinica, 2017, 50(4):
732-742

Hager A J, Howard L R, Prior R L, et al. Processing and
storage effects

on monomeric anthocyanins, percent

polymeric color, and antioxidant capacity of processed black

107



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

[41]

[44]

[45]

[46]

108

raspberry products [J]. Journal of Food Science, 2008, 73(6):
134-40

Cevallos C B A, Cisneros Z L. Stability of anthocyanin-based
aqueous extracts of Andean purple corn and red-fleshed
sweet potato compared to synthetic and natural colorants [J].
Food Chemistry, 2004, 86(1): 69-77

SRR, A S, e, A (0 R 2R L L B B AR e R
SN Ko L ABEAR B F7 50 5E (0] B0 AR 0 41,2020,29(1):
80-86

ZHANG lJin-yu, ZHENG Mian-wen, WANG Feng, et al.
Effects of copigments on the stability of purple yam
anthocyanins and their thermal degradation kinetics [J]. Acta
Laser Biology Sinica, 2020, 29(1): 80-86

Cevallos C B A, Cisneros Z L. Stability of anthocyanin-based
aqueous extracts of Andean purple corn and red-fleshed
sweet potato compared to synthetic and natural colorants [J].
Food Chemistry, 2004, 86(1): 69-77

Wit 7 E bt SEHE T RSO PR AR 5 72
WAL &5 RHE,2011,36(4):152-158

CHEN Wei, FANG Dan, CAO Shao-gian. Thermal
degradation kinetics of anthocyanins and visual color of
mulberry juice [J].
36(4): 152-158
FINEE R, KA B/ 5 AR B I S A R e M 5 B L
T FEE )], A ROV R}2,2009,42(3):996-1008

SUN lJian-xia, ZHANG Yan, HU Xiao-song, et al. Structural

Food Science and Technology, 2011,

stability and degradation mechanisms of anthocyanins [J].
Scientia Agricultura Sinica, 2009, 42(3): 996-1008

A, 2N R, S AT ML S H AR O Al
0] & RH,2014,35(23):119-124

WANG Meng, LI Xiao-ding, LIU Shuo, et al
Copigmentation effect of organic acids on purple sweet
potato anthocyanins [J]. Food Science, 2014, 35(23): 119-124
RS 55, EINE, 55 A RN A &R S B ARt
SRR E I FUT). 2 DAk ARHE,2015,36(10):320-324,
334

LIU Hai-ying, XING Zi-yi, WANG lJia-hua, et al. Study on
thermal degradation stability of purple sweet potato
anthocyanins in different organic acid systems [J]. Science
and Technology of Food Industry, 2015, 36(10): 320-324,

334

[47]

[48]

[49]

[52]

[53]

[54]

ZHANG Bo, HE Fei, ZHOU Pan-pan, et al. Copigmentation
between malvidin-3-O-glucoside and hydroxycinnamic acids
in red wine model solutions: Investigations with experimental
and theoretical methods [J]. Food Research International,
2015, 78:313-320

Susana G M, Montserrat D, Julian C. R G, et al. Studies on
the copigmentation between anthocyanins and flavan-3-ols
and their influence in the colour expression of red wine [J].
Food Chemistry, 2008, 114(2): 649-656

R T L5 X S J, 5 R RO € i DU BT R AT [0
BT SR H B R A R e (T 0] 2 M Ak 2011,
39(3):419-424

LIU Yu-qin, JIANG Ting, ZHAO Xian-en, et al. High
performance liquid chromatography-quadrupole
time-of-flight mass spectrometry analysis anthocyanins in
purple cabbage and kale [J]. Chinese Journal of Analytical
Chemistry, 2011, 39(3): 419-424

FAhEw, B BE LTI ORISR A5 1 71,
RIRF=HIH T 5T 97,2010,22(6):1057-1060

WANG Qian, WANG Yun, HUAN Wei-qin, et al. Extraction
and the components of red cabbage pigment [J]. Natural
Product Research and Development, 2010, 22(6): 1057-1060
A RV AL, AN, A AR O SO S O IR FURE R[],
i RH,2008,2:472-476

WANG Feng, DENG Jie-hong, TAN Xing-he, et al. Research
progress on anthocyanins and copigmentation [J]. Food
Science, 2008, 2: 472-476

Chen Lao-jer, Hrazdina G  Structural aspects of
anthocyanin-flavonoid complex formation and its role in
plant color [J]. Phytochemistry, 1981, 20(2): 297-303

Goto T, Hoshino T, Takase S. Proposed structure of
commelinin, a sky-blue anthocyanin complex obtained from
the flower petals of Commelina [J]. Tetrahedron Letters, 1979,
20(31): 2905-2908

TR B G (O RINAIAL . 4540 % 5E KA PR 5T
[D] R KRR 27,2017

ZHANG Xiao-yuan. Extracion, purification, Structural
identification and stability of black soybean red anthocyanins

[D]. Tianjin: Tianjin University of Science and Technology,
2017



