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Extraction, Purification, and Stability of Anthocyanins from Lonicera caerulea
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Abstract: [Objective] The influences of environmental factors on the stability of Lonicera caerulea (L. caerulea)
anthocyanins were studied to provide a theoretical basis for the processing and storage of anthocyanin-rich
beverages and expand the application of L. caerulea in food processing. [Method] Anthocyanins of L. caerulea
were obtained by ultrasonic-assisted extraction and macroporous resin purification. The retention rates of
L. caerulea anthocyanins at different temperatures, pH, light conditions, oxidation-reducing agents, preservatives,
sugars, and metal ions were determined by the pH differential method, and the environmental stability of
L. caerulea anthocyanins was analyzed. At the same time, the thermodynamic characteristics of L. caerulea
anthocyanins were analyzed according to the degradation kinetics at different pH and temperatures. [Result]
Anthocyanins were sensitive to 50~90 °C and pH 1.0~7.0. The retention rate of anthocyanins decreased with the
increases in pH and temperature, and the degradation conformed to the first-order kinetic equation. The thermal
stability of anthocyanins exhibited strong at pH 2.0 and pH 3.0, and the thermal degradation of anthocyanins was

a non-spontaneous endothermic reaction. Light, oxidation-reducing agents, and preservatives exerted adverse
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effects on the stability of anthocyanins. Sucrose outperformed glucose in maintaining the stability of

anthocyanins at low concentrations and within a short time period. At high concentrations, glucose was more

conducive to the stability of anthocyanins than sucrose. The color of anthocyanins was enhanced in the presence

of Zn**, Ca™, and Mg™". In contrast, Fe*", Fe’", Cu*", and AI’" destroyed the color. [Conclusion] Environmental

factors such as temperature, pH, light, oxidation-reducing agents, and preservatives have adverse effects on the

stability of anthocyanins, and the concentrations and types of sugars added and the types of metal ions have

different effects on the stability of anthocyanins. The findings provide a scientific basis for the application of

anthocyanins in food processing.
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Fig. 2 Effects of pH and temperature on the stability of anthocyanins from L. caerulea
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Table 2 Kinetic parameters of anthocyanin degradation from L. caerulea at different pH and 50~90 °C

pH T/K k/h! R? t,,/h E,/(kJ/moD) DfE/h ZfE/°C i /°C O
323 0.018 5 0.907 7 37.47 124.5 50~70 1.94
333 0.039 1 09182 17.73 58.9

1.0 343 0.069 9 0.966 1 9.92 44.34 32.9 47.3 50~90 1.56
353 0.098 9 0.995 6 7.01 23.3
363 0.110 8 0.979 6 6.26 20.8 70~90 1.26
323 0.013 4 09158 51.73 171.8 50~70 1.60
333 0.024 0 0.909 9 28.88 95.9

2.0 343 0.034 3 0.999 2 20.21 49.70 67.1 43.9 50~90 1.63
353 0.079 2 0.910 5 8.75 29.1
363 0.094 1 0.901 5 7.37 24.5 70~90 1.66
323 0.0159 09117 43.59 144.8 50~70 1.54
333 0.025 8 0.900 8 26.87 89.2

3.0 343 0.037 7 0.959 4 18.39 49.11 61.1 43.2 50~90 1.59
353 0.099 1 0.974 7 6.99 23.2
363 0.100 4 0.987 0 6.90 22.9 70~90 1.63
323 0.024 2 0.959 5 28.64 95.1 50~70 1.50
333 0.049 3 0.946 8 14.06 46.7

4.0 343 0.054 7 0.979 9 12.67 43.90 42.1 49.3 50~90 1.58
353 0.1117 0.992 4 6.21 20.6
363 0.1526 0.9917 4.54 15.1 70~90 1.67
323 0.039 0 0.933 5 17.77 59.0 50~70 1.40
333 0.068 2 0.904 4 10.16 33.8

5.0 343 0.076 3 0.909 5 9.08 42.99 30.2 50.3 50~90 1.56
353 0.164 5 0.995 8 421 14.0
363 0.228 8 0.996 1 3.03 10.1 70~90 1.73
323 0.088 1 0.966 6 7.87 26.1 50~70 1.22
333 0.108 4 0.992 5 6.39 21.2

6.0 343 0.1318 0.993 7 5.26 38.72 17.5 53.1 50~90 1.44
353 0.316 1 0.998 7 2.19 7.3
363 0.380 0 0.998 0 1.82 6.1 70~90 1.70
323 0.236 3 0.972'5 2.93 9.7 50~70 1.59
333 0.3377 0.983 6 2.05 6.8

7.0 343 0.594 1 0.996 3 1.17 36.96 3.9 54.6 50~90 1.43
353 0.8223 0.999 9 0.84 2.8
363 0.9879 0.996 9 0.70 2.3 70~90 1.29

i 4 (b) B A1, 4 Na,SO, it & K F K T
0.10 g/dL B , fe s F A2 2 M N %, R W R Bl &
Na, SO, Joit &2 4 & A 1] (1 38 /0 B, 0~0.25 g/dL
) Na,SO,1E H 8 hJ& , {6 & FF LR B 2K 43 71 M 95.75%
93.11%+72.92%+69.56%+59.01%+57.11%, H. 1t t&
PR TF A — B J1 5 D5 R W LI k43 304 0.005 4+
0.008 9.0.039 5.0.045 4.0.065 9.0.070 0 h'', %}

tin 77N 127.55.77.69.17.56.15.28.10.51.9.90 h.
Na,SO, % 4 8 1 ) [ A 1T e 2 A6 1 F1I FR &L
BB BT S ) 0T R AR T R R B A S RN IS AR T
TP, T BOILAR A,
26 FBEFIMERRECHEREEMNZ N

B & 70 % 0 e SR AR B fR e M R s A
KIS, B B R 7 0T =k B 10 39 46 68 8 O] B
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Table 3 Thermodynamic parameters of anthocyanin degrada-

tion from L. caerulea at different pH and temperatures

pH T/°C AH/(kJ/molD)  AG/(kJ/mol)  AS/(kJ/(mol-K))
50 41.66 90.04 -149.78
60 41.57 90.84 -147.94
1.0 70 41.49 91.99 -147.24
80 41.41 93.74 -148.25
90 41.32 96.14 -151.00
50 47.01 90.90 -135.88
60 46.93 92.19 -135.91
2.0 70 46.85 94.02 -137.54
80 46.76 94.39 -134.92
90 46.68 96.63 -137.60
50 46.42 90.44 -136.29
60 46.34 91.99 -137.08
3.0 70 46.25 93.75 -138.48
80 46.17 93.73 -134.74
90 46.09 96.43 -138.69
50 41.21 89.31 -148.91
60 41.13 90.19 -147.33
4.0 70 41.05 92.69 -150.56
80 40.97 93.38 -148.49
90 40.88 95.17 -149.55
50 40.31 88.03 -147.76
60 40.22 89.30 -147.36
5.0 70 40.14 91.74 -150.44
80 40.06 92.25 -147.84
90 39.97 93.95 -148.69
50 36.03 85.84 -154.22
60 35.95 88.01 -156.35
6.0 70 35.87 90.18 -158.36
80 35.78 90.33 -154.52
90 35.70 92.42 -156.25
50 34.28 83.19 -151.45
60 34.19 84.87 -152.17
7.0 70 34.11 85.89 -150.95
80 34.03 87.52 -151.54
90 33.95 89.53 -153.13
WA . LR E N 0.30 g/dL ) 1l FLR

RN K R B AR FE 10 h S AR H OR B R O I B
F] 90.69% 1 92.56% , #H T %f M 4H 43 il & B T
4.59% M1 3.65% . 5 2 B IR 4M AH LL , 1L AL R B0 X
W BT R AL A I 52 e B K, X R R D Ll Y R B
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Fig. 3 Effect of light on the stability of anthocyanins from

L. caerulea
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Fig. 4 Effects of redox agent on the stability of anthocyanins

from L. caerulea
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Fig. 5 Effects of preservative on the stability of anthocyanins

from L. caerulea
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Fig. 6 Effects of carbohydrates on the stability of anthocyanins

from L. caerulea
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& B B 0 e R AR 6 R M I R e
T4, EWHERLOEFE BT IMAN 0.2 mol/L 4
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K0 I8 W€ 5 A AN K, HE D 2 Na™ A K H
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Fe’'\Fe’ \Cu” Fl AT i 15 fiE JR A8 €0 4 ¥ VB0 L K
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Table 4 Effects of metal ions on the stability of anthocyanins

from L. caerulea

&R BT Wt I e
A 0.394 00£0.001 20 AN
FeCl, 0.606 00+0.002 03 o SN
FeCl, 0.903 004£0.002 18 B
MnCl, 0.338 00+0.002 83 AW EEN
ZnS0, 0.416 00£0.003 25 AN
CaCl, 0.407 00+0.002 11 AN e
NaCl 0.388 00+0.002 97 AN
KCI 0.389 00+0.002 62 PEEEAN <!
MeCl, 0.398 00+0.003 01 et
CuSO, 0.883 00+0.003 49 IR
AlCl, 1.232 004+0.004 47 REA

3 &5

DLE i SR O R BUAE B3, 4 AB-8 K AL
B a4k 5 % T, SR B A0 45 )R 18 6 1 L 8
JF B B0y BN 24.046% F138.075% K 1K Bt
B SR, Bk AR AT . AR
R W HE R AL O R AR — KB T
T2, 16 A ] pH N 76 €8 FF i f% B 3R Bl 35 B2 T v i
B A s 76 pH oA 2.0 A1 3.0 I 1€ €8 1 B2 5E 1 B 5,
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