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Ethanol was used to extract flavonoids and phenolics from loquat (Eriobotrya japonica Lindl. cv.
Ruantiaobaisha) flowers with ultrasonic pharmaceutical managing machine. Single-factor and
orthogonal experiment were used to investigate the optimum extraction condition. The results showed
that, the combination of 30°C, 80 min, 60% ethanol and 1:40 material ratio was optimum extraction
condition with the highest yields of flavonoids and phenolics at 47 kHz/500 W. Under the optimum
extraction condition, two consecutive extractions was enough, the extraction rates of flavonoids and
phenolics were all more than 90%, with the contents of 10.59 and 102.02 mg/g dry weight, respectively.
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INTRODUCTION

Loquat (Eriobotrya japonica Lindl.), a small evergreen
arbor, is one of the species of genus Eriobotrya
(Rosaceae) (Pottier-Alapetite, 1979). The fruit, leave,
flower and root of loquat plant are all proved with medicinal
values. According to literatures, loquat flowers have been
used usually to treat cold, cough, sputum and so on
(Xiong et al., 1993). At present, the researches about
functional components extraction and identification and
their pharmacological action of loquat plant were mainly
focused on the leaves (Bae et al., 2010; Chen et al.,
2008; Huang et al., 2009; Ito et al., 2001; Kobayashi and
Takamatsu, 2000; Jung et al., 1999; Li et al., 2009; Louati
et al., 2003) and seeds (Kawahito et al., 2008; Sun et al.,
2010; Yokota et al., 2006; Yoshioka et al., 2010), while
few studies related to the flowers were reported.
Concerning the functional components of loquat flowers,
Cheng et al. (2001) isolated four compounds from the
ethanol extracts and identified as oleanolic acid, ursolic
acid, 2a, 3a, 19a-trihydroxyurs-5,12-dien-28-acid and 23,
3B, 23a-trihydroxyolean-12-en-28-acid by chemical
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methods and spectroscopic (IR, MS, '"HNMR, "*CNMR)
analysis. Zhou et al. (2007) determined oleanolic acid
and ursolic acid contents in flowers of five loquat
cultivars. Until now, no other bioactive component was
separated and no reports about functional component
extraction were released. We found that there were much
flavonoids and phenolics in the loquat flowers besides
triterpenoic acid by analyzing different solvent extracts of
loquat flower in preliminary experiments.

Different extraction techniques, such as hydrodistillation,
Soxhlet, ultrasonic, etc., are widely used for obtaining
extractable substances from different parts of a number of
plants (Ammar et al., 2010; Li et al., 2010; Peres et al.,
2006). As a novel technique, ultrasonic extraction has
recently been shown to be very promising and effective
for obtaining bioactive components, ensuring higher
yields at much shorter times (Yue et al.,, 2010). The
beneficial effects of ultrasonic extraction are attributed to
the formation and asymmetrical collapse of microcavities
in the vicinity of cell walls leading to the generation of
microjets rupturing the cells in plant. The aim of this
paper was to explore the optimum ultrasonic extraction
condition of flavonoids and phenolics and provide some
theoretical basis for integrative usage of loquat flower
resources.



MATERIALS AND METHODS
Materials and chemicals

The flowers of E. japonica cv. Ruantiaobaisha were collected at
winter from Yuhang District, Hangzhou, Zhejiang Province, People’s
Republic of China. Rutin and chlorogenic acid were obtained from
Sigma Chemical Co. (St. Louis, MO, USA). All the other reagents
used in the present study were of analytical grade.

Pretreatment of loquat flowers

The whole inflorescences were cut into pieces and dried with
microwave oven (Panosonic) until the weight reached unchange-
able. The flowers were then powdered in a grinder to 40-mesh size
and stored at -20°C until analysis.

Extraction of flavonoids and phenolics

Flower powder of 0.2 g was extracted in TBT/C-YCL 500Tt/3P (D)
ultrasonic pharmaceutical managing machine (Sinobest electronic
Co. Ltd., Jining, Shangdong Province, China) with a certain volume
solvent under the selected frequency and power combination of 47
kHz/500 W and then the extracts were filtrated and diluted to 10 ml.
The diluted solution was used to determine the contents of
flavonoids and phenolics. Effects of ethanol concentration (0, 20,
40, 60, 80 and 100%), material ratio (1:10, 1:20, 1:30, 1:40, and
1:50), extraction time (20, 40, 60, 80, 100 and 120 min) and
extraction temperature (20, 30, 40, 50, 60 and 70°C) to extraction
efficiency were investigated. Finally, orthogonal experimental
design was used to select optimal extraction condition after single
factor experiments. During the ultrasonic treatment, the temperature
was maintained by a temperature controlling system.

Determination of total flavonoids content

Total flavonoids were determined by the method of Zhou et al.
(2007b) with some modification. Aliquots (1 ml) of loquat flower
extracts were placed in two test tubes, respectively. 7 ml methanol
was added to one tube. In the other tube, 1 ml 2% ZrOCI»*8H,0O
and 6 ml methanol was added. The solution was mixed well again
and placed into water bath at 30°C for 1 h. The absorbance was
measured at 420 nm with DU-8000 UV-Vis spectrophotometer
(Beckman Coulter, USA) and AOD was calculated. The amount of
total flavonoids was calculated as a rutin equivalent from the
standard curve and expressed as mg rutin/g dry plant material. All
investigations were repeated three times.

Determination of total phenolics contents

Total phenolics were determined by Folin—Ciocalteu procedure
(Maksimovic et al., 2005). Aliquots (0.5 ml) of loquat flower extracts
were transferred into the test tubes and their volumes made up to
4.5 ml with distilled water. After addition of 0.5 ml Folin—Ciocalteu
reagent and 1 ml 7% aqueous sodium carbonate solution, tubes
were vortexed and placed into water bath at 30°C for 1 h. Then
absorbance of mixtures was recorded at 760 nm against a blank
containing 0.5 ml of extraction solvent. The amount of total
phenolics was calculated as a chlorogenic acid equivalent from the
calibration curve and expressed as mg chlorogenic acid/g dry plant
material. All measurements were done in triplicate.

Statistical analysis

Results were represented as mean * standard error. Statistical
comparisons between groups were performed with a standard
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analysis of variance (ANOVA). The Duncan multiple range test was
used to estimate significant differences among mean values of the
treatments. Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION
Ultrasonic frequency and power selection

The ultrasonic pharmaceutical managing machine used
in this study has three frequency levels (26, 47 and 70
kHz) and two power levels (250 and 500 W). The contents
of flavonoids and phenolics at different combination of
frequency and power levels were shown in Table 1.
Combination of 47 kHz/500 W had the highest extraction
efficiency, but there was no significant difference between
this combination with 47 kHz/250 W and 70 kHz/250 W.
Combination of 70 kHz/500 W had the lowest extraction
efficiency and was significantly different with other com-
binations. Therefore, flavonoids and phenolics extractions
were performed at 47 kHz/500 W in the following experi-
ments.

Effects of ethanol concentration on extraction
efficiencies of flavonoids and phenolics

Ethanol concentration had obvious impact on extraction
efficiencies of functional components from loquat flower.
The extraction efficiencies of these two components with
absolute ethanol were all lower than those with ethanol
adding water. Among the four ethanol concentration (20,
40, 60 and 80%), the highest extraction efficiencies of
flavonoids and phenolics were all with 60% ethanol, but
were not significantly different from those of 40% ethanol
(Figure 1). The results was similar with the reports of
Wang et al. (2004) on Sophora alopecuraides flavonoids,
Li et al. (2003) on apple peel flavonoids, Zhang et al.
(2004) on hawkthorn flavonoids and Yang et al. (2002) on
tea polyphenols. Whether 60% ethanol is the optimum
extraction solvent, yet there is still need for concentration
screening researches.

Effects of material ratio on extraction efficiencies of
flavonoids and phenolics

The extraction efficiencies of flavonoids and phenolics
from loquat flower rose with material ratio increase under
certain conditions, which were similar with the results of
Li et al. (2009) and Zhang et al. (2009). When the ratio
reached 1:40, the increase extents of bioactive
compounds was not too much (Figure 2). Considering the
cost and efficiency of extraction simultaneously, 1:40 was
an appropriate ratio.

Effects of extraction time on extraction efficiencies of
flavonoids and phenolics

Effects of extraction time on extraction efficiencies of
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Table 1. The effects of frequency/power combination on flavonoids
and phenolics extraction (mg/g DW).

Frequency/power

Flavonoid

Phenolic

26 kHz /500 W
26 kHz /250 W
47 kHz /500 W
47 kHz /250 W
70 kHz /500 W
70 kHz /250 W

2.832+0.514%
2.808+0.7112
3.11520.106%
2.804+0.313%
1.978+0.069°
3.092+0.255%

5.41940.752"
5.184+0.907°
6.972+0.357°
6.160+0.659%°
3.837+0.213°
6.752+0.334°
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Figure 1. Effects of ethanol concentration on flavonoids and phenolics extract.
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Figure 2. Effects of material and extractant ratio on flavonoids and phenolics extract.



—~

Zhou et al. 5023

<120 :

0 1054 ) Phenolics

(@) J

> 909 b ab ab a a a

E 751 T I z 2 7

8 604 p~

S 45

2 301

o 154

5 ]

S 0 I Flavonoids
1 \/ |

4 84 ¢ bc ab a a

g _

S 6

3 ]

e 44

@] J

g 27

2 ]

S 0-

© 20 40 60 80 100 120

Extraction time (min)

Figure 3. Effects of extraction time on flavonoids and phenolics extract.

flavonoids and phenolics were similar with those of
material ratio. The extraction efficiencies of flavonoids
and pheno-lics were also increased with extraction time
prolonged (Figure 3). From the point of view of increase
degrees, the increase ratio became slow after 80 min.
Therefore, 80 min is an appropriate extraction time for the
sake of saving time and energy.

Effects of temperature on extraction efficiencies of
flavonoids and phenolics

Bioactive component extraction efficiency of plant was
greatly affected by temperature. In a certain temperature
range, the extraction efficiencies of flavonoids and
phenolics in loquat flowers were enhanced with tempe-
rature increase and extraction at 50°C had highest
efficiencies (Figure 4). The extraction efficiency declined
sharply when the temperature was higher than 50°C,
which may be due to the damages of high temperature to
flavonoids and phenolics.

Optimization of ultrasonic extraction condition of
loquat flower

The influence of single parameter on extraction efficiencies
of flavonoids and phenolics from loquat flowers was
discussed in early chapters. However, there was an inte-
raction between every single parameter in the practical

extraction operations. In order to optimizing the ultrasonic
extraction condition, orthogonal experimental design was
introduced with four parameters and three levels on the
basis of single factor results (Table 2). Table 3 showed
the results and mean standard deviation analysis of the
orthogonal experiment.

As seen from Table 3, we found that the influence to
the mean extraction efficiency of loquat flower decreases
in the order: D > A > B > C according to the R values.
Material ratio was found to be the most important
determinant of extraction yield of loquat flower. The best
combination shown was A1B3C1D3 and A1B3C2D3 for
flavonoids and phenolics, respectively. Comparing with
these two combinations, only ethanol concentration was
found different. Because flavonoids is a group of pheno-
lics, therefore, A1B3C2D3 (30°C, 80 min, 60% ethanol
and 1:40 material ratio) combination was finally selected
as the optimum ultrasonic extraction condition of flavo-
noids and phenolics in loquat flowers on the basis of
previous single-factor test with ethanol concentrations.

Flavonoids and phenolics contents with optimum
extraction condition

Loquat flowers were extracted three successive times
under the optimum condition, with extraction yield gradually
decreased. The ratio of each extraction was calculated
according to the total amount of three consecutive
extraction yields. The results demonstrated that, extract
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Figure 4. Effects of extraction temperature on flavonoids and phenolics extract.

Table 2. Lo (3*) orthogonal experimental design.

Temperature Extraction time Ethanol concentration Material ratio

Level A (°C) B (min) C (%) D
1 30 40 50 1:20
2 40 60 60 1:30
3 50 80 70 1:40

Table 3. Results of orthogonal experiment.

Factor Result (mg/g DW)

Test number A B c D Flavonoid __ Phenolic
1 1(30 °C) 1 (40 min) 1 (50%) 1(1:20) 5.638 58.985
2 1(30 °C) 2 (60 min) 2 (60%) 2 (1:30) 6.381 65.123
3 1(30°C) 3 (80 min) 3 (70%) 3 (1:40) 7.895 77.081
4 2 (40 °C) 1 (40 min) 2 (60%) 3 (1:40) 6.510 69.895
5 2 (40 °C) 2 (60 min) 3 (70%) 1 (1:20) 4.608 36.389
6 2 (40 °C) 3 (80 min) 1 (50%) 2 (1:30) 6.382 59.013
7 3 (50 °C) 1 (40 min) 3 (70%) 2 (1:30) 5.575 51.532
8 3 (50 °C) 2 (60 min) 1 (50%) 3 (1:40) 6.932 66.515
9 3 (50 °C) 3 (80 min) 2(60%) 1 (1:20) 5.465 50.559
< Flavonoids 19.914 17.723 18.952 15.710

Phenolics 201.191 180.414 184.515 145.934




Table 3. Continues
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Ko Flavonoids 17.499 17.921 18.356 18.337
Phenolics 165.297 168.027 185.577 175.669
K3 Flavonoids 17.972 19.741 18.077 21.337
Phenolics 168.606 186.653 165.002 213.491
» Flavonoids 6.638 5.908 6.317 5.237
Phenolics 67.064 60.138 61.505 48.645
o Flavonoids 5.833 5.974 6.119 6.112
Phenolics 55.099 56.009 61.859 58.556
K3 Flavonoids 5.991 6.580 6.026 7.113
Phenolics 56.202 62.218 55.001 71.164
R Flavonoids 0.805 0.673 0.292 1.876
Phenolics 11.965 6.209 6.858 22519
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Figure 5. Flavonoids and phenolics content of different extract time under the optimal

extraction condition.

twice may be enough under the best condition, the
extraction rates of flavonoids (90.44%) and phenolics
(98.33%) were all more than 90%, with the contents of
10.59 and 102.02 mg/g dry weight, respectively (Figure 5).

Conclusions

The combination of 30°C, 80 min, 60% ethanol and 1:40

material ratio was proved to be the optimum ultrasonic
extraction condition of flavonoids and phenolics in loquat
flowers under 47 kHz/500 W according to the results of
single-factor and orthogonal experiments. Loquat flowers
were extracted two consecutive times under the optimum
extraction condition, which was enough and the contents
of flavonoids and phenolics were 10.59 and 102.02 mg/g
DW, respectively.
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