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Study on the optimal extraction conditions of anthocyanin
from the fruit of Solanum nigrum L.

TENG Fei,ZHAO Fu-jie, ZHENG Hong-liang, WANG Ping "

(College of Forestry, Northeast Forestry University , Harbin 150040, China)

Abstract: Objective: The best solvent to extract anthocyanins from Solanum nigrum L. fruits and the optimal
extraction condition were obtained.Methods: 14 kinds of solvents were chosen to extract. The correlation between
yield of total phenols, flavonoids, anthocyanins and antioxidant activity was analyzed.Based on the single- factor
test analysis, the full factorial design, steepest ascent design and central composite design for response surface
analysis were applied.Results:60% ethanol was the best solvent to extract anthocyanins from Solanum nigrum L.
fruits. The content of total phenols, flavonoids and anthocyanins from 60% ethanol extract was(1.99 +0.03) mg/g,
(1.02 £0.01)mg/g, (0.82 £0.02) mg/g, respectively.The ABTS- "and -OH scavenging activity was up to 88.18% =+
0.59% ,82.45% + 0.59% , respectively. The ferric reducing antioxidant capacity of the extracts was (5.45 +0.06)
mmol/L equivalent to FeSO,.The correlation between yield and antioxidant activity ; total phenols > flavonoids >
anthocyanin. The best extraction technology of anthocyanins from Solanum nigrum L. was as follows: pHI.0,
temperature 29°C, time 85.5min and liquid - solid ratio 1:25.0n this extraction condition, the content of Solanum
nigrum L.anthocyanins was(0.86 +0.05) mg/g.Conclusion; The obtained model was credible and could be used for
extraction of anthocyanins from Solanum nigrum L.fruits.
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Table 1  Factors and levels in the experimental design
- KF
-1 1
pH(X,) 1.0 3.0
W (C,X,) 20 30
B 1] (min, X;) 80 120
B H (m/v, X)) 1:20 1:30
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Table 3 The antioxidant activity and the contents of the active ingredients from Solanum nigrum L.fruits

- \i:ABTS+ . _ -oH ‘ FRAP SN B PRGNS

THBRA (% ) R (%) (FeSO,mmol/L.) (mg/g) (mg/g) (mg/g)
7K 68.64 +1.13 69.47 +1.13 4.31 £0.00 1.75 £0.02 0.81 £0.01 0.50 £0.01
FH i 87.55 +£0.23 80.01 £0.37 498 +0.12 1.86 +0.03 0.96 +0.02 0.84 +0.04
1E T B 40.82 £0.33 33.65 £0.33 3.26 £0.17 1.20 £0.01 0.77 £0.02 0.73 +0.01
1R 2 Bk 30.18 +0.18 36.54 +0.86 0.72 £0.04 0.59 £0.02 0.57 £0.02 0.42 +0.03
20% .15 76.15 +1.83 81.49 +1.83 4.65 +£0.03 1.86 £0.01 0.95 £0.02 0.64 £0.03
40% .1 84.85 +1.45 79.81 +1.45 5.25 +0.05 1.86 £0.01 0.99 +0.01 0.80 +0.03
60% .15 88.18 £0.59 82.45 £0.59 5.45 +£0.06 1.99 +£0.03 1.02 £0.01 0.82 +0.02
80% I 90.12 £2.95 54.81 £2.95 5.53 £0.12 1.96 +0.01 0.98 +0.01 0.81 £0.02
100% £, [ 66.60 +0.11 34.13 £0.11 5.22 £0.02 1.67 £0.00 0.91 £0.01 0.81 £0.01
20% A 54.56 £0.27 76.44 £0.27 3.49 £0.03 1.88 £0.01 0.91 £0.02 0.44 £0.01
40% TS il 61.65 +0.80 77.64 +0.80 4.69 +0.03 1.87 £0.03 0.99 +0.02 0.68 +0.04
60% A i 86.57 £0.97 84.62 £0.96 5.38 £0.08 1.91 £0.02 1.01 £0.03 0.81 £0.03
80% TN fili] 75.19 £0.49 54.09 +0.48 5.09 +0.24 1.88 £0.03 1.00 +0.01 0.89 +0.01
100% A i 54.99 +2.64 36.30 +2.64 4.89 +0.11 1.76 +0.01 0.92 +0.01 0.79 £0.02
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Table 2  Factors and levels

in the central composite design
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Table 4 The correlation between the
active content and antioxidant activity
- AR AR R R
it T g (e (/)
MM (RY) 0.927 0.614 0.959
WEPECHY) - 0.000 0.026 0.000
-OH MIZEME(R) 0592 0017  0.627
BEPECU)  0.033 0.955 0.022
MM (RY) 0.834 0.608 0.822
TEECRI)  0.000 0.028 0.001
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Fig.1 Effects of pH values on anthocyanins yield
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Table 6 Regression analysis of the Pluckett— Burman experimental results
Ti ZERIR 7 FI F{H pia B
FEEE 0.1490 4 0.0372 40.0994 <0.0001 s 3
X, 0.0006 1 0.0006 0.6331 0.4386
X, 0.0777 1 0.0777 83.6577 <0.0001 ok
Xs 0.0693 1 0.0693 74.6127 <0.0001 ok
X, 0.0014 1 0.0014 1.4939 0.2405
7% 0.0139 15 0.0009
ERIN S 0.0131 12 0.0011 4.0355 0.1387
aliiR = 0.0008 3 0.0003
Jeyill 0.1629 19

TE:p <0.05 B3 = Ko ;p <0.01 B, » = 2w
R g, Ul I B s AR S 4 T7 ST, B
29°C ,85min,

KS ENTHRBOT RS
Table 5  Pluckett—Burman design arrangement

and corresponding experimental results

SR X, X, X, \ AR
(mg/g)
1 -1 -1 -1 -1 0.661
2 1 -1 -1 -1 0.643
3 -1 1 -1 -1 0.531
4 1 1 -1 -1 0.482
5 -1 -1 1 -1 0.758
6 1 -1 1 -1 0.814
7 -1 1 1 -1 0.649
8 1 1 1 -1 0.654
9 -1 -1 -1 1 0.681
10 1 -1 -1 1 0.616
11 -1 1 -1 1 0.564
12 1 1 -1 1 0.562
13 -1 -1 1 1 0.846
14 1 -1 1 1 0.805
15 -1 1 1 1 0.625
16 1 1 1 1 0.642
17 0 0 0 0 0.663
18 0 0 0 0 0.689
19 0 0 0 0 0.673
20 0 0 0 0 0.700

R KR
Table 7 Experimental design and results

of the steepest ascent path

LH X, Xy TR (mg/g)
1 38 70 0.638
2 35 75 0.691
3 32 80 0.782
4 29 85 0.852
5 26 90 0.836
6 23 95 0.821
7 20 100 0.813
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243 HULEHGIE(CCD) SR FT LI LSl sl
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#8 LA (CCD) Bt Bk
Table 8 Experimental design and results

of the central composite design

LKy X X, O (mg/e)
1 -1 -1 0.703
2 1 -1 0.754
3 -1 1 0.763
4 1 1 0.728
5 -1.41 0 0.752
6 1.41 0 0.718
7 0 -1.41 0.701
8 0 1.41 0.742
9 0 0 0.846
10 0 0 0.853
11 0 0 0.839
12 0 0 0.861
13 0 0 0.854

FIH SAS19.0 FrA4: , %) S s B g 364 7 — Rk Z it [0
VARG, 3RS T IR GBI TT R

Y =0.4789X, +0.4679X,-0.0014X,X,-0. 0062X,*
—-0.0025X,>-26.0587 =(4)

TR E TRy 22 AT i B R R, 3R 9
P 22 AT 45 R R B, R 2 B 3 (p <0.0001)
R RBZBIIE X, Ry 0.9783 , BALA E R A4F,
3RO S R R AT SR A v . AR YR DL b R 4 i
N T EDE, aniEl 5

e 17 AT AT P WAL b, 2 LT Bt BRI R R R R B[] X
AT IRR NG 52, X [\ )5 75 R 5 n] LLAS 1) 451 7Y
PG A o B4R 3 S 28.8°C B [a] 247 85.5min , £ (5,
TR i R, S B KB 7 0.85mg/g.
2.4.4  JyARMYSGUE 38 ak e N TE 1S B Y A AR R
Ws%AF, B pH S 1.0, $2 B E 4 29°C , $ B A [a] ok
85.5min , % B | [FUBL A I 45 & B R 38 S0 5, e 43k
PERRR LR 1:25 7RI 25 14 T AT IR 2E AR (1T SR B,
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Table 9 ANOVA for the second—order polynomial model

T R 5 F F1H pia T
el 0.0460 5 0.0092 63.2231 <0.0001 %
X, 0.0001 1 0.0001 0.8834 0.3786
X, 0.0011 1 0.0011 7.2612 0.0309
X, X, 0.0018 1 0.0018 12.6948 0.0092
X,? 0.0215 1 0.0215 147.7150 <0.0001 * %
X,? 0.0271 1 0.0271 185.7491 <0.0001 * %
k22 0.0010 7 0.0001
RANDRZE 0.0007 3 0.0002 3.5010 0.1288
a2z 0.0003 4 0.0001
S 0.0471 12
FEop <0.05 2%+ % :p <0.01 JHEL % ]+ Font.
® 0.90\ AR [J].33 T £47,2003(2) :4-5,31.
g 0.85 \ [4 ]Loganayaki N, Siddhuraju P,Manian S.Antioxidant Activity of
ti 0.80 Two Traditional Indian Vegetables: Solanum nigrum L. and
;E 0.75% Solanum torvum L[ J].Food Science Biotechnol,2010,19 (1) :
2 o 121-127.
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Fig.5 Response surface curves for temperature

and time on anthocyanins yield

BN (0.86 +0.03) mg/ g, L5551 PN AL 152 22
A 1.2% , i W F0I0 ABL 562 > R &, 3 5 S5 56 i 32
KA LI S ERE 5 L BRI IR AU
3 #Hit
3.1 SR [F] v 77 B2 B M 35 S v 3 i 24 i MR
43 G5 RWIR 60% £ B Ny i AR SR BUE R, Ry L
B AL AR 051 2 (1.99 £0.03) ,(1.02 £0.01) |
(0.82 + 0.01) mg/g, ABTS® - V& % 3}y 88.18% =
0.59% , -OH #5453 82.45% +0.59% , R Pi A AL FE
J1/(5.45 £0.06 ) mmol/L FeSO, 4 &,
3.2 {E pH B EUH B B O RV FROREEG 4 4 A
g p R, B A0 2 A S5 (CCD) X 42 B
KAt — Ak, 13 B AR IR BSR4 8 . pH 1.0, 32 HL
IR 29°C , $RBUN [H] 85.5min, B L 1:25, FEII%
PETF BEAT R ZE AL AT SR I, 1L AT 15 %5 (0.86 =+
0.03) mg/g. PR, FIFH Wi 87 160 53 B 5 125 % e 25 R 46
PRI 237 Ui AL, AT RIS I I i T 2280, Re
AR TR R TE B, DT T 25 RS TR
AR LSRR .
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Fig.5 The importance of physical and

chemical indicators of wine for the wine’ s appearance
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