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Simultaneous extraction of flavonoids and pectin from navel orange peel by
ethanol/dipotassium hydrogen phosphate aqueous two-phase system
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ABSTRACT: Objective To separate the flavonoids and pectin of navel orange peel by ethanol/dipotassium
hydrogen phosphate aqueous two-phase system synchronously. Methods The aqueous two-phase system conditions
were optimized by single-factor experiment and response surface experiment, and the effects of ethanol volume
fraction, dipotassium hydrogen phosphate mass fraction and extraction temperature on the extraction ratea of
flavonoids and pectin were studied. Results The flavonoids and the pectin could be separated by the
ethanol/dipotassium hydrogen phosphate aqueous two-phase system, the upper phase was flavonoids, while the lower
phase was pectin after desalting, hot water extraction and ethanol precipitation. The optimal extraction conditions
were as follows: Ethanol volume fraction of 35%, dipotassium hydrogen phosphate mass fraction of 18%, and the
extraction temperature of 78 °C, under these conditions, the extraction yield of the pectin and the flavonoids were
(8.354£0.09)% and (3.32+0.08)%, respectively. Conclusion The ethanol/dipotassium hydrogen phosphate aqueous
two-phase system can simultaneously separate flavonoids and pectin from navel orange peel, which is characterized

with the advantages of simple separation process and high yield, which provides reference ideas and technical means
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for the comprehensive utilization and development of navel orange peel.

KEY WORDS: aqueous two-phase system; response surface experiments; flavonoids; pectin
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Fig.l Effects of ethanol concentration on the phase volume ratios of
ethanol/salt aqueous two-phase system and yields of flavonoids
and pectin (n=3)
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Fig.2 Effects of dipotassium hydrogen phosphate mass fraction on
the phase volume ratios of ethanol/salt aqueous two-phase system
and yields of flavonoids and pectin (n=3)
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Fig.3 Effects of the extraction temperature on the phase volume

ratios of ethanol/walt aqueous two-phase system and yields of
flavonoids and pectin (n=3)
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Table 2 Response surface test results
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1 35 14 60 7.68 2.79
2 40 22 70 6.96 2.09
3 35 18 70 8.35 3.35
4 40 14 70 6.83 2.32
5 40 18 60 7.31 3.04
6 30 22 70 7.13 2.34
7 35 18 70 8.26 3.28
8 35 22 60 7.58 2.29
9 35 22 80 8.01 2.84
10 35 18 70 8.44 3.34
11 35 18 70 8.32 3.48
12 30 18 80 7.21 2.72
13 40 18 80 7.64 2.84
14 30 18 60 7.18 2.39
15 35 18 70 8.40 3.32
16 30 14 70 6.52 1.89
17 35 14 80 7.82 2.64
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Table 3 Analysis of variance of quadratic response surface
regression model of R, pectin

KR M BHRE B FE P BEH
Y 5.780 9 0.640 4499 <0.0001  **

A 0.061 1 0.061 429  0.0770
B 0.086 1 0.086 6.03  0.0437 *
C 0.110 1 0.110 7.58  0.0284 *
AB 0.058 1 0.058  4.04 0.0845
AC 0.022 1 0.022 1.58  0.2495
BC 0.021 1 0.021 1.47 02642
A? 3.930 1 3.930 275.18 <0.0001  **
B? 1.170 1 1.170 8233 <0.0001  **
c? 0.012 1 0.012  0.84 0.3908
Bk 0.100 7 0.014
RHI 0.080 3 0.027 549  0.0667 A
4iiRZE 0.020 4 0.005
J=¥ill 5.88 16
R’ 0.983  Rag®  0.9612

TH: **P<0.01 22 il .3, * P<0.05 A E kw2, T,

®4 AMSEWNERFERFEDS N
Table 4 Analysis of variance of quadratic response surface
regression model of R, flavonoids

j;ﬁ A AME B FE P BHME
Y 3.720 9 0.410 26.50  0.0001 HoE
A 0.110 1 0.110 7.24  0.0311 *
B 0.001 1 0.001 0.05  0.8273
C 0.035 1 0.035 225  0.1771
AB 0.120 1 0.120 741  0.0296 *
AC 0.070 1 0.070 4.50  0.0715
BC 0.120 1 0.120 7.86  0.0264 *
A? 1.240 1 1.240 79.69 <0.0001 *x
B? 1.780 1 1.780  114.36 <0.0001 *x

c? 0.017 1 0.017 1.08  0.3332
% 0.110 7 0.016
KA 0.086 3 0.029 507  0.0754 A
4fiR2E 0.023 4

B 3.83 16

R 0.9715 Rag® 0.9348

0.006
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Fig.4 Response surface plot of the effect of process parameters on the extraction efficiency of pectin

R, EHAS %
S

C: ZHURE/C

Kl s

) 34
A: ZEARRSE%

2170 34
C:HEBRELC 9 6550 32 4: ZBABAEU%

16
60 14 p: PR B R Y /%

5 DR 3R S ELATE PGS B A 552 ) i ) TR ]

Fig.5 Response surface plot of the effect of process parameters on the extraction efficiency of flavonoids
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Fig.6 Ultra-violet absorption spectra of flavonoid extract and
Rutin standard
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Fig.7 Infrared spectrum of pectin extraction from the lower phase
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