5539 45 10 M ¥ @ 4t T Vol.39, No.10
2022 4 10 A FINE CHEMICALS Oct. 2022

HE AR EER BT
TZRU KRB NEF

% A48 1,2,3,4,5’ x) 58 3% 1,2,3,4,5’ Bk % 1,2,3,4,5’
%
Tk A, 1,2,3,4,5’ 3% 1,2,3,4,5,6’ oA 1,2,3,4,5

(1 Rl K2 MY AES ¥ BE T E SRR, BRI B/RIE 1500405 2. Rtk K% k2
T S5%IEF AR, BB W/REE 1500405 3. ARAuAkoll K2 ARl Al g s T, BRI
MERIE 1500405 4. BRIV MIRIEEY A S AT SLRE, BRI MR 1500405 5. ZRdtpfl
Ko AR ASFIUHE R 7B G TR, BIRIL BRI 1500405 6. PUBUARACERE HE 5%
BiseBe, VU A2 860000 )

TEE: DRSS IEAR, 76 B 2R S a0 St 1 308 2k w107 v pIG Ak A5 80 P e Al B R SR O AR R A A T
T Z, FE S A sl ) AR R SR DG B A AR B XA O TR e Re . S5 RHH, S Il
DI EEARBGE R O W EAE L2 S80N . CBHATIMEL 60%. WORHE 40 0 1 (mL : g, WRISHRBGR ST,
RHE TR R ), BEfFAT ] 80 min, FEIZARME T, AR NK (10.57120.080) mg/g, FEEATAEARDE
SRS NI B Bt (R AR LR BE AR U AR G BB . 550G EWRHGT . SEIRECAEXTEETT
FREMSE R EEHORINES , 4 CTIRAAAE AT B IRAUN 5.5%; 1€ 40~80 °CPY, FEA0 T A HA KA i SR Bl 25
T RGN, 23 S B 2 R B R T e RIS, 30 B SR BB B A T s i K, TR RER 53.2960 k/mol, AL,
T F ST, RO SN AE A Z RV .

KR WA B, RO mnnE il R RUEtk; AERsitiR

FESES: R284.2 XEERIAE: A XEHS: 1003-5214 (2022) 10-2069-10

Condition optimization and degradation kinetics of anthocyanins from
blueberry pomace by ultrasonic-assisted enzymatic extraction

ZHANG Xiujuan"**** LIU Zhiting"****, YANG Shihan'***’,
ZHANG Jinshan'**** CHEN Xiaogiang'****¢, ZHANG Ying'****"

(1. Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University, Harbin 150040,

Heilongjiang, China; 2. College of Chemistry, Chemical Engineering and Resource Utilization, Northeast Forestry University,
Harbin 150040, Heilongjiang, China; 3. Engineering Research Center of Forest Bio-Preparation, Ministry of Education,
Northeast Forestry University, Harbin 150040, Heilongjiang, China; 4. Heilongjiang Provincial Key Laboratory of
Ecological Utilization of Forestry-Based Active Substances, Northeast Forestry Univertity Harbin 150040, Heilongjiang,
China; 5. National Engineering Laboratory for Bio-Resource Eco-Utilization, Northeast Forestry University, Harbin 150040,
Heilongjiang, China; 6. College of Resources and Environment, Tibet Agriculture & Animal Husbandry University,
Nyingchi 860000, Tibet, China )

Abstract: The optimal extraction parameters of anthocyanins from blueberry pomace was obtained through
response surface optimization based on single factor experiment, and the effects of different light conditions
and temperature on the stability of anthocyanins were investigated by degradation kinetics modelling. The
results showed that the optimal yield of anthocyanins (10.571+£0.080) mg/g was obtained when ethanol
volume fraction 60%, liquid-material ratio 40 : 1 (mL : g, liquid refers to the total volume of extraction
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liquid, material refers to the quality of raw materials used), enzymatic hydrolysis time 80 min. The thermal

degradation process of anthocyanins under different light conditions and temperature fitted to the zero-order

kinetic equation. The influence of UV light, fluorescent lamp and dark conditions on the stability of

anthocyanins gradually decreased, and the loss of anthocyanins was only 5.5% when stored at 4 °C. In the

range of 40~80 °C, the thermal degradation rate of anthocyanins and the temperature coefficient increased

while the half-life decreased with the rise of temperature with the activation energy 53.2960 kJ/mol.

Moreover, the thermodynamic parameters suggested that the thermal degradation of anthocyanins was non-

spontaneous.

Key words: blueberry pomace; biological enzymes; anthocyanins; responsesurface optimization; degradation

kinetic; stability; separation and purification technology
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Effects of various factors on theextraction yield of anthocyanins
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Table 2 Design of experiment of Box-Behnken and results

No. PEWRA SRR AL
Xy/min X% Xs/ (mL:g) EEFHE (mg/g)
1 60 50 50 : 1 8.057+0.296
2 60 40 40: 1 7.615+0.122
3 80 40 50 : 1 7.95040.112
4 60 50 50 : 1 8.049+0.090
5 60 50 50 :1 7.907+0.096
6 40 50 40: 1 8.376+0.085
7 60 60 60 : 1 9.108+0.383
8 80 50 60 : 1 8.667+0.059
9 40 60 50 : 1 9.619:0.090
10 60 60 40: 1 9.024+0.233
11 60 50 50 : 1 8.141+0.127
12 80 60 50 : 1 9.109+0.245
13 40 40 50 : 1 9.468+0.096
14 60 40 60 : 1 9.318+0.114
15 60 50 50 : 1 8.166+0.166
16 80 50 40 : 1 9.485+0.149
17 40 50 60 : 1 11.903+0.114
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WLEE . A F R 86.12, p<0.0001, 2254 @
&, HAGI AR R p=0.1276>0.05, 25
A, UEPABIRMY AR R AP, PIEART, —
W (X, X X5 ) ZRIE(XG L X5), REI (XX,
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Table 3 ANOVA for the fitted quadratic polynomial mode
and significance validation

KW AR HME ¥z FE pfH  BEH
(el 16.64 9 185 86.12  <0.0001 **
X 2.16 1 216 10052  <0.0001 **
X, 0.7869 1 0.7869 36.65 0.0005  **
X; 2.53 1 253 117.69  <0.0001 **
XX 0.2540 1 02540 11.83 0.0108 *
XX 4.72 1 472 21984  <0.0001 **
XoXs 0.6553 1 0.6553 3052 0.0009  **
X 3.46 1 346 16134  <0.0001 **
X3 0.0181 1 00181 08414 0.3895

X3 1.71 1 171 79.52  <0.0001 **
¥ 2% 0.1503 7 0.0215

KT 0.1090 3 0.0363 3.52 0.1276
afiif2E  0.0413 4 0.0103

BEE 1679 16

CV/%  1.66

R? 0.9910

Rag 0.9795

H: *BFMUER, p<0.05; RBFEZER, p<0.01,

TR N AR E BB R =0.9910, ZAH B
T 1, BAILA DL R, H Ri=0.9795, #
A S (15 S B (22 B AE e AR I AR e e AE 6
HARR(Y)RIE TR 2R 7 R CV )=1.66%<10%,
Fo 43 Uk B AZ AR B FH T3 B i L TRT %) 728 Ak 2 A 1 AT A
Mo LAk, FLEIE 7 FR A5 LR 38.1704>4, i
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Fig. 2 Response surface plots of interactions between three extraction parameters on yields of anthocyanins
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Fig. 3 Changes of retention rate of anthocyanins after
storing for 7.5 d at different light conditions
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Fig. 4 Changes of retention rate of anthocyanins after
storing for 7.5 d at different temperatures
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Table 4 Kinetic parameters of anthocyanin degradation at different light conditions and temperatures
211 —% %
t/d
ko/min”! R? Jy/min™! R? Jp/min™! R?

RO 2x10°° 0.9772 1.5x10°° 0.9750 4x10°° 0.9727 32.0901

ENHGAT 3x10°° 0.9309 1.7x10°° 0.9298 5x107° 0.9290 28.3148

5 365 nm 9x10°° 0.9716 4x10°° 0.9758 2x10°* 0.9758 12.0338

4 °C 1x10° 0.9500 5x10°° 0.9470 2x107° 0. 9439 96.2704
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Fig. 5 Changes of retention rate of anthocyanins after

heating for 5 h at different temperatures
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Table 5 Kinetic parameters of anthocyanin degradation at 40~80 °C

273 —% —Y
0/°C t1o/h Ea/(kJ/mol) {EE{'@,[%]/"C QIO
ko/min~! R? k /min”! R? k »/min”! R?

40 3.5x107 0.9841 1.3x107* 0.9846 5.4x107 0.9844  88.8650 53.2960 40~60 1.4142
50 4.3%x107° 0.9830 1.7x107* 0.9800 6.8x107* 0.9783  67.9556

60 4.8x107° 0.9485 2.6x107* 0.9458 8.0x10™  0.9429  44.4325 40~80 1.7782
70 0.0001 0.9019 5.9x107* 0.9074 0.0025 0.8946  19.5804

80 0.0003 0.9267 0.0013 0.9045 0.0062 0.8787 8.8865 60~80 2.2360
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Table 6 Thermodynamic parameters of anthocyanin
degradation at 40~80 °C

pH 0/°C AH/(kJ/mol) AG/(kJ/mol) AS/(J/mol-K)

3 40 50.6937 100.0684 —187.9530
50 50.6106 102.6295 -190.3206
60 50.5275 104.7150 -191.1176
70 50.4443 105.6071 —188.3892
80 50.3612 106.4519 —185.6809
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