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98% was purchased from Chengdu Pufei De Biotech Co., 
Ltd. (Chengdu, China). Phlorizin and afzelin with purity 
greater than 98% were isolated in our previous research.

�e LC-20AT high performance liquid chromatography 
system (Shimadzu, Kyoto, Japan) equipped with a degas-
ser, a quaternary gradient low pressure pump, the CTO-
20A column oven, a SPD-M20AUV-detector, an SIL-20A 
auto sampler was used. Chromatographic separation 
was performed on an Agilent ZORBAX SB-C18 column 
(4.6� mm × 5� mm, 5� �m) and extraction was carried out 
with KQ-500DB ultrasonic cleaner (Jiangsu Kunshan 
Ultrasonic Instrument Co., Ltd. Jiangsu, China). TGL-16 
type high speed centrifuge was obtained from Jiangsu Jin-
tan Zhongda instrument factory (Jiangsu, China). AB135-
S 1/10 million electronic balance was purchased from 
Mettler Toledo Instruments Co., Ltd (Shanghai, China).

ultrasound for 30� min and centrifugation for 3� min at 
8000� r/min. �e supernatant was �ltered by 0.22� �m 
microporous membrane and the subsequent �ltrate was 
taken as the test solution.

�e solvent type, extraction concentration, particle 
size, sample-solvent ratio, ultrasonic time and centrifugal 
speed were investigated in turn. Every experiment was 
carried out in parallel three times.

Chromatographic conditions
See Table�2 and Fig.�1.

Tyrosinase activity assay
�e absorbance was measured at 492�nm with a micro-
plate reader, and the results were evaluated through the 
following formula [19]: 

Tyrosinase inhibition rate % =

[

A(sample+substrate+enzyme) − A(sample+substrate)

A(methanol+substrate+enzyme) − A(methanol+substrate)

]

−1∗100%

Table 1 Compounds from different parts of M. pumila 

Di�erent parts Chemical compounds Literatures

Fruit Proanthocyanidin B1, catechin, chlorogenic acid, proanthocyanidin B2, epicatechin, phloridzin, β-sitosterol, caffeic acid, 
phloretin, hyperoside, quercetin, quercitrin, isoquercitrin

[12, 13]

Peel Gallic acid, protocatechuic acid, cianidanol, chlorogenic acid, caffeic acid, epicatechin, syringic acid, taxifolin, ferulic acid, 
quercitrin, phloridzin, quercetin

[13]

Branches Phloridzin, phloretin [15]

Leave Phloridzin, phloretin, quercetin-3-O-glucoside, phloretin, phloridzin, quercitrin, quercetin-3-O-xylopyranoside [14, 15]

Flower Kaempferol-3-O-β-d-glucopyranoside, kaempferol-7-O-β-d-glucopyranoside, kaempferol-3-O-α-l-arabinofuranoside, 
phloridzin, kaempferol, phloretin, β-sitosterol, lupeol, pyracanthoside

[11]

Table 2 Chromatographic conditions for M. pumila flowers 
samples analysis

Chromatographic conditions Parameter

Column Inertsil ODS-
SP column 
(4.6 mm × 250 mm, 
5 μm)

Mobile phase Methanol (A)-0.1% 
phosphoric acid 
aqueous solution 
(B)

0–10 min, 5–50%A, 
95–50%B

10–30 min, 50–50%A, 
50–50%B

30–40 min, 
50–100%A, 50–0%B

40–55 min, 100–
100%A, 0–0%

Flow rate 0.8 mL/min

Column temperature 30 °C

Detection wavelength 270 nm

Sample volume 10 μL

Plant materials
�e M. pumila �owers were collected during the period 
from March 26th 2018 to April 3rd 2018 in the campus 
of Henan University (Kaifeng, Henan, China) and identi-
�ed by Professor Changqin Li of National R & D Center 
for Edible Fungus Processing Technology. �ey were 
collected once a day on nine batches. Specimens (2018-
0326-0403) were deposited in the National R & D Center 
for Edible Fungus Processing Technology.

Experimental methods
Preparation of�the�standard solution
�e standard concentrations of phlorizin, astragalin and 
afzelin were prepared at concentration of 0.2040, 0.1960 
and 0.1990�mg/mL with methanol.

Preparation of�test sample solution
Malus pumila �owers powder (20.00�mg) was dissolved 
with appropriate solvent. �e sample was extracted by 
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Results and discussion
Linear relationship
�e peak area (X) is the vertical axis, and the sample 
quality (Y, �g) the abscissa, respectively. In Table�3, phlo-
rizin, astragalin and afzelin exhibited good linearity in 
the ranges of 0.4080–14.28 (�g/mL), 0.3920–13.72 (�g/
mL) and 0.3980–13.93 (�g/mL), respectively.

Optimization extraction process of��avonoids in�M. pumila 
�owers
Single factor test
Types of�extract solvent Five solvents, 70% ethanol, 95% 
ethanol, methanol, acetonitrile and water were selected. 
Samples were prepared according to the conditions in 
“Preparation of test sample solution” section above and 
injected into the HPLC analysis by above chromato-
graphic conditions�(Table�2). �e results showed that ace-
tonitrile could only extract two kinds of �avonoids from 
M. pumila �owers (Fig.�2), whereas methanol was the best 
solvent.

Selection of�mesh number In Fig.�3, the extract rate of 
target analytes was the highest when the number of 
smashing mesh was 40 meshes, but the extract rate was 

lower when the number of smashing mesh was larger. So, 
40 meshes were selected.

E�ect of�ultrasonic time �e ultrasonic time of 10, 20, 30, 
40, 50 and 60�min were chosen respectively. According to 
the above experimental conditions, results were showed 
in Fig.�4. When the ultrasonic time was 20�min, the extract 
rate of the target analytes reached the maximum. With 
the increase of time, the target analytes extraction rate 
showed a downward trend, which might be the decompo-
sition of e�ective components due to ultrasonic overheat-
ing [20, 21]. Hence, 20�min was selected.

Fig. 1 HPLC chromatograms of the test sample solution (1) and the standard solution (2): a. Phlorizin, b. Astragalin, c. Afzelin

Table 3 Linear regression equation of phlorizin, astragalin 
and afzelin (Additional file 1: Table S1–S3)

Compound Regression equation r Linear range (�g)

Phlorizin Y = 643736X + 158998 0.9987 0.4080–14.28

Astragalin Y = 518051X + 145776 0.9979 0.3920–13.72

Afzelin Y = 835408X − 359973 0.9942 0.3980–13.93

Fig. 2 Influence of different extract solvents (n = 3) (Additional file 1: 
Table S4)
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Selection of�centrifugal speed Under the optimal condi-
tions, �ve di�erent centrifugal speeds (2000, 4000, 6000, 
8000 and 10,000�r/min) were chosen to evaluate the e�ect 
of centrifugal speed on the extract yield. In Fig.�5, the 
extract rate reached the maximum at 8000�r/min. �us, 
in the experiments, 8000�r/min was chosen as the center 
point of the orthogonal factors.

Sample-solvent ratio �e solid–liquid ratios were 1:20, 
1:40, 1:60, 1:80, 1:100 and 1:120, which were used to eval-
uate the extract rate of the target analytes. In Fig.�6, when 
the solid–liquid ratio was 1:100, the maximum extract rate 
was reached. Continuing to increase the ratio, the extract 
rate was decreased. It indicated that the increase of solvent 
amount can increase the contact area between the active 
ingredients and the solvent, and the dissolution probabil-
ity of the active ingredients will also increase accordingly 
in a certain range and the yield will be improved continu-
ously. However, when the ratio of solid–liquid reaches a 
certain value, the degree of assistant e�ect of ultrasonic 
cavitation on plant cell rupture decreases, and the disso-
lution of e�ective components is close to saturation, the 
extract rate decreases [22, 23].

Orthogonal test (Additional file 1: Table S9)
A 3-factor 3-level orthogonal experiment was designed 
and statistically analyzed by SPSS 19.0 [24]. �e inves-
tigated levels of each factor were selected depending on 
the above experiment results of the single-factor. Inde-
pendent variables with three variation levels were shown 
in Table�4.

�rough the orthogonal test of ultrasonic time (min), 
solid–liquid ratio (times) and centrifugal speed (r/min), 
the variance analysis was carried out by SPSS 19.0 soft-
ware. �e results were presented in Tables�5 and 6. �e 
ultrasonic time had the greatest in�uence, followed by the 
solid–liquid ratio. �e primary and secondary sequence 
of experimental factors were: (B) ultrasonic time > (A) 
solid–liquid ratio > (C) centrifugal speed. A1B3C3 was 
the optimal extraction process, namely: the solid–liquid 
ratio was 1:120, the ultrasonic time was 30�min, and the 
centrifugal speed was 10,000�r/min.

Determination of�content in�di�erent periods
In Fig.� 7, the total content of phlorizin, astragalin 
and afzelin reached the highest level on the third day 
(176.74� mg/g) during blooming of M. pumila �owers. 
�e contents of astragalin and afzelin decreased after 1st 
April, while the contents of phlorizin increased after 2nd 
April. It indicated that the phlorizin was transferred and 
enriched in fruits, resulting in the fruit containing a large 
amount of phlorizin [25]. Moreover, light intensity, soil 
acidity and alkalinity and external temperature also a�ect 
the formation of secondary metabolites [26].

Method validation
Repeatability (Additional file 1: Table S11)
Six M. pumila �owers samples were prepared by “Prepa-
ration of test sample solution” method, and the contents 
of phlorizin, astragalin and afzelin were determined 
under “Chromatographic conditions” section. �e results 

Fig. 3 Effect of mesh numbers on extract yield (n = 3) (Additional 
file 1: Table S5)

Fig. 4 Effect of ultrasonic times on extract yield (n = 3) (Additional 
file 1: Table S6)

Fig. 5 Effect of centrifugal speeds on extract yield (n = 3) (Additional 
file 1: Table S7)
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showed that RSDs of phlorizin, astragalin and afzelin 
were 0.92%, 1.88% and 2.17% respectively, which indi-
cated that the method had good repeatability.

Precision (Additional file 1: Table S12)
�e mixed standard solution of phlorizin, astragalin and 
afzelin was prepared under “Preparation of the standard 
solution” conditions. According to “Chromatographic 

conditions” section, mixed standard solution was injected 
continuously for 6 times. �e results showed that RSDs 
of phlorizin, astragalin and afzelin were 0.8%, 1.02% and 
0.75% respectively, indicating that the instrument had 
good precision.

Stability (Additional file 1: Table S13)
Six M. pumila �owers samples were prepared by “Prepa-
ration of test sample solution” conditions. According to 
“Chromatographic conditions” section, samples were 
injected at 0, 4, 8, 12, 16, 20 and 24�h, respectively. �e 
results showed that RSDs of phlorizin, astragalin and 
afzelin were 0.35%, 0.95% and 0.84% respectively, which 
indicated that phlorizin, astragalin and afzelin in the 
samples were basically stable within 24�h.

Recovery (Additional file 1: Table S14)
Six samples of M. pumila �owers were prepared accord-
ing to 3.2 conditions. �e contents of phlorizin, astra-
galin and afzelin were determined. �en the standard 
solution equivalent to 80% of the three target compo-
nents in the sample was added. �e average recoveries of 
phlorizin, astragalin and afzelin were 98.20%, 98.96% and 
101.03% respectively, and their RSDs values were 0.20%, 
0.24% and 0.13%, respectively.

Tyrosinase activity assay
�e response of tyrosinase activity was determined by 
tyrosinase and dopa rate oxidation trace method in�vitro. 
In Table�7 and Fig.�8, M. pumila �owers could stimulate 
the activity of tyrosinase in the early stage of bloom-
ing. Meanwhile, inhibition in the activity of tyrosinase 
occured in the late stage of blooming, which was gradu-
ally decreased. �e reason may be that in the late stage 
of blooming, the content of secondary metabolites which 
inhibit the activity of tyrosinase increased, so the total 
extracts of M. pumila �owers showed inhibition activity 
of tyrosinase. 

Tyrosinase is a key enzyme in melanin synthesis, and 
its activity is positively correlated with the amount of 
melanin [27, 28]. It is well known that melanin protects 
the skin from UV damage but its excessive production 
causes freckles, melasma, skin cancer, and age spots [29, 
30]. Xie et�al. [31] studied the inhibition kinetics of �a-
vonoids on mushroom tyrosinase and suggested that 
�avonoids could induce reversible inhibition of enzyme 
activity through copper ions in the active center of 
chelating enzyme. Beside the e�ect of �avonoids, there 
might be other tyrosinase inhibitors, which could bind to 
free enzymes as well. It can bind with enzyme–substrate 
complex, resulting in reversible inhibition of enzyme 
activity. Several studies have shown that many �ower 
extracts had good tyrosinase activity, such as orchid 

Fig. 6 Effect of solid–liquid ratios on extract yield (n = 3) (Additional 
file 1: Table S8)

Table 4 Orthogonal test factors and level tables

Level Factor

A
Solid–liquid 
ratio
(times)

B
Ultrasound time
(min)

C
Centrifugal 
speed (r/
min)

1 1:120 10 6000

2 1:100 20 8000

3 1:80 30 10,000

Table 5 Results of range analysis

Serial number A B C Total 
content 
mg/g

1 3 3 1 97.07

2 1 2 3 98.47

3 3 1 3 106.15

4 1 3 2 113.74

5 2 3 3 97.21

6 3 2 2 89.59

7 2 2 1 95.53

8 2 1 2 85.69

9 1 1 1 89.96

K1 100.72 93.93 94.19

K2 92.81 94.53 96.34

K3 97.60 102.68 100.61

Rj 7.91 8.74 6.42
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extract [32], lavender essential oil [33], areca nut boiling 
water extracts [34], and can be used as e�ective tyrosi-
nase inhibitors. At present, there were few reports about 
the e�ect of M. pumila �owers on tyrosinase activity. �e 
obtained results indicated that the content of three �avo-
noids reached the highest on 28th March during bloom-
ing of M. pumila �owers. �e methanol extracts of the 
�owers picked on 30th March had a higher inhibitory 
e�ect on tyrosinase, which may advocated that tyrosinase 
activity not only related to �avonoids, but also related to 
the types of secondary metabolites extracted as well as 
the mechanism of action.

Conclusion
Under optimum extraction conditions (smashing mesh 
number: 40 meshes, ultrasonic time: 30�min, solid–liq-
uid ratio: 1:120, centrifugal speed: 10,000� r/min), the 
total contents of phlorizin, astragalin and afzelin from 
M. pumila �owers reached the maximum (176.74�mg/g) 
on the third day of blooming, which could be the best 
time for harvest. Meanwhile, the tyrosinase activity 
of M. pumila �owers showed that it had an activation 

e�ect on tyrosinase during early blooming period, how-
ever it expressed inhibitory e�ect during late blooming 
period.

Table 6 Variance analysis of factors

a R2 = 0.9970 (adjust  R2 = 0.9840)

Sum of�squares of�III df Mean square F Sig.

Model 85,064.737a 7 12,152.105 81.537 0.012

A 95.303 2 47.651 0.32 0.758

B 143.1 2 71.55 0.48 0.676

C 64.1 2 32.05 0.215 0.823

Error 298.075 2 149.037

Total 85,362.812 9

Fig. 7 Changes of three secondary metabolites in M. pumila flowers (Additional file 1: Table S10)

Table 7 Changes of  tyrosinase activity in  M. pumila 
flowers during blooming ( X± s)

Collecting time Inhibition rate %

26th March − 9.21 ± 2.68

27th March − 10.91 ± 7.73

28th March − 10.63 ± 7.75

29th March − 9.47 ± 3.40

30th March 94.33 ± 0.72

31th March 54.47 ± 4.57

1st April 13.08 ± 1.89

2nd April 18.36 ± 2.52

3rd April − 4.01 ± 7.13

Fig. 8 Changes of tyrosinase activity in M. pumila flowers during 
blooming
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Additional file

Additional �le�1. Table�S1–S3. The raw data for Table 3 Linear regression 
equation of phlorizin, astragalin and afzelin in the manuscript. Table�S4. 
The raw data for Fig. 2 Influence of different extract solvents in the 
manuscript. Table�S5. The raw data for Fig. 3 Effect of mesh numbers on 
extract yield in the manuscript. Table�S6. The raw data for Fig. 4 Effect of 
ultrasonic times on extract yield in the manuscript. Table�S7. The raw data 
for Fig. 5 Effect of centrifugal speeds on extract yield in the manuscript. 
Table�S8. The raw data for Fig. 6 Effect of solid-liquid ratios on extract yield 
in the manuscript. Table�S9. The raw data for orthogonal test. Table�S10. 
The raw data for Fig. 7 Changes of three secondary metabolites in M. 
pumila flowers in the manuscript. Table�S11. The raw data for 4.5.1 
Repeatability experiment in the manuscript. Table�S12. The raw data for 
4.5.2 Precision experiment in the manuscript. Table�S13. The raw data for 
4.5.3 Stability experiment in the manuscript. Table�S14. The raw data for 
4.5.4 Recovery experiment in the manuscript.

Abbreviations
M. pumila flowers: Malus pumila flowers; HPLC: high-performance liquid 
chromatography; Fig: figure; RSD: relative standard deviation; Mar: March; Apr: 
April.

Acknowledgements
Not applicable.

Authors’ contributions
WK and ZL conceived the research idea. LC, XH, WL, YL, ZY, XL and YH collected 
the plant specimens, conducted the experiments, analyzed and interpreted 
the data as well as prepared the first draft. WK, ZL, and LC critically read and 
revised the paper. All authors read and approved the final manuscript.

Funding
This work was supported by Key Project in Science and Technology Agency 
of Henan Province (182102110473), Innovation and Entrepreneurship Training 
Program, Henan University (201810475069).

Availability of data and materials
The datasets and samples of the compounds are available from the authors.

Competing interests
The authors declare that they have no competing interests.

Author details
1 National R & D Center for Edible Fungus Processing Technology, Henan 
University, Kaifeng 475004, China. 2 Joint International Research Laboratory 
of Food & Medicine Resource Function, Kaifeng 475004, Henan, China. 

Received: 21 December 2018   Accepted: 29 June 2019

References
 1. Flora of China (1974) 36:381. http://frps.eflor a.cn/frps?id=Malus pumil 

aMill 
 2. Li J, Shi Y (2014) Research status of apple polyphenols. Deciduous Fruits 

46(06):18–20. https ://doi.org/10.13855 /j.cnki.lygs.2014.06.008
 3. Tan S, Qin XX, Su Q, Zhou ZQ (2013) Current status of the study 

and utilization of the bioactive compounds of apple. Food Ind 
Technol 34(01):358–361+367. https ://doi.org/10.13386 /j.issn1 
002-0306.2013.01.084

 4. Wei XC, Zhao YM, Song GM, Song XK, Liu DL (2016) Chemical constitu-
ents isolated from branches of apple. Chin Tradit Drug 47(11):1845–1849

 5. Wang J, Li HY, Liu DL, Song XB, Yu HJ (2011) Research progress of apple 
nutrition components and health function. Food Res Dev 32(01):164–168

 6. Yang KC, Tsai CY, Wang YJ et al (2009) Apple polyphenol phloretin poten-
tiates the anticancer actions of paclitaxel through induction of apoptosis 
in human hep G2 cells. Mol Carcinog 48(5):420–431

 7. Sun HN, Sun AD, Su YJ, Gao XJ et al (2010) Study on antibacterial effect 
of apple polyphenols. J Beijing Forestry Univ 32(04):280. https ://doi.
org/10.13332 /j.1000-1522.2010.04.002

 8. Li ZH (2014) Study on the extraction, isolation and antidiabetic constitu-
ents of apple polyphenols. China Univ Mining Technol. http://kns.cnki.
net/KCMS/detai l/detai l.aspx?dbcod e=CMFD&dbnam e=CMFD2 01501 
&filen ame=10140 74365 .nh&v=MjM5N TZQSV I4ZVg xTHV4 WVM3R GgxVD 
NxVHJ XTTFG ckNVU kxLZV plUnZ GQ25t VmIvU FZGMj ZHck8 vR3RM S3FwR 
WI=

 9. Yang S (2013) Pharmacological effects of polysaccharides and flavonoids 
from apple on liver injury. Shaanxi Normal Univ. http://kns.cnki.net/
KCMS/detai l/detai l.aspx?dbcod e=CMFD&dbnam e=CMFD2 01401 &filen 
ame=10141 07600 .nh&v=MTUxM DBGck NVUkx LZVpl UnZGQ 25tV3 IvTVZ 
GMjZH cks0R 2RmTX I1RWJ QSVI4 ZVgxT HV4WV M3RGg xVDNx VHJXT TE=

 10. Yin YZ, Li YW, Han QH (2016) HPLC fingerprint of Pumila Flos. J Cent South 
Pharm 14:684–687

 11. Li WJ, Shi MJ, Wang PY et al (2018) Efficient determination of three flavo-
noids in Malus pumila flowers by ionic liquid-HPLC. J Mol Liq 8(263):139–
146. https ://doi.org/10.1016/j.molli q.2018.04.135

 12. Xing XF, Ye Q (2018) Determination of active ingredients in apple 
extract by HPLC. Mod Food 22:116–123. https ://doi.org/10.16736 /j.cnki.
cn41-1434/ts.2018.22.033

 13. Jiang P (2018) Effects of different treatments on the antioxidant activities 
and components of apple. Southwest Univ Sci Technol. http://kns.cnki.
net/KCMS/detai l/detai l.aspx?dbcod e=CMFD&dbnam e=CMFD2 01802 
&filen ame=10181 99840 .nh&uid=WEEvR EcwSl JHSld Ra1Fh dkJkV G1CcD 
c3d1Z NWGpk eDNPN CtLM3 RWYmN tUT0=$9A4hF _YAuvQ 5obgV AqNKP 
CYcEj KensW 4IQMo vwHtw kF4VY PoHbK xJw!!&v = MjIyM jdTN0 RoMVQ 
zcVRy V00xR nJDVV JMT2Z 

 14. Lu YZ, Wei Y (2016) Separation and purification of active components 
from apple leaves by elution-push countercurrent chromatography-semi-
preparative high performance liquid chromatography. China Chem Soc, 
1. http://kns.cnki.net/KCMS/detai l/detai l.aspx?dbcod e=CPFD&dbnam 
e=CPFDL AST20 17&filen ame=ZGHY2 01604 00401 6&uid=WEEvR 
EcwSl JHSld Ra1Fh dkJkV G1CcD c3d1Z NWGpk eDNPN CtLM3 RWYmN 
tUT0=$9A4hF _YAuvQ 5obgV AqNKP CYcEj KensW 4IQMo vwHtw kF4VY 
PoHbK xJw!!&v=MjQ4M DhlTU 9VS3J pZlp1 OXZGU 3ZpVU 

 15. Zhao YM, Wang J, Song GM, Song XB, Liu DL, Xie WL (2013) Study on the 
dynamic changes of phlordzin and phloretin in leave and branches of 
apple tree. Food Res Dev 34(07):95–98

 16. Tang CH, Peng ZY (2001) The development and application of apple 
polyphenol. China Food Additives (02):41–45. http://kns.cnki.net/KCMS/
detai l/detai l.aspx?dbcod e=CJFQ&dbnam e=CJFD2 001&filen ame=ZSTJ2 
00102 010&v=MDc0M TkxRn JDVVJ MS2Va ZVJ2R kNubl ZyN01 Qejdm 
WkxHN Eh0RE 1yWTl FWklS OGVYM Ux1eF lTN0R oMVQz cVRyV 00=

 17. Renard CMGC, Dupont N, Guillermin P (2007) Concentrations and 
characteristics of procyanidins and other phenolics in apples during fruit 
growth. Phytochemistry 68(08):1128–1138

 18. Khanizadeh S, Buszard D, Zarkadas CG (1989) Seasonal variation of 
proteins and amino acids in apple flower buds (Malus pumila Mill, cv. 
McIntosh/M7). J Agric Food Chem 37(05):1246–1252

 19. Wang JM, Peng LN, Shi MJ, Li CQ, Zhang Y, Kang WY (2017) Spectrum 
effect relationship and component knock-out in Angelica Dahurica 
Radix by high performance liquid chromatography-q exactive hybrid 
quadrupole-orbitrap mass spectrometer. Molecules 22:7. https ://doi.
org/10.3390/molec ules2 20712 31

 20. Ren YM, Liu YQ (2018) Ultrasonic extraction of alcohol extract of Maca. 
Agric Prod Process (18):19–20 + 25. http://kns.cnki.net/KCMS/detai l/detai 
l.aspx?dbcod e=CJFQ&dbnam e=CJFDL AST20 18&filen ame=NCPJ2 01818 
008&uid=WEEvR EcwSl JHSld Ra1Fh dkJkV WEyd2 MxZ0x HYm92 TXE3d 
ENnTT cxN2E yRT0=$9A4hF _YAuvQ 5obgV AqNKP CYcEj KensW 4IQMo 
vwHtw kF4VY PoHbK xJw!!&v=MTQzN TBuTn A0OUZ iSVI4 ZVgxT HV4WV M3R

 21. Gao DD, Guo PH, Qi GZ (2015) Optimization of extraction technology of 
total flavonoids from Mentha haplocalyx by response surface methodol-
ogy. Food Ind Sci Technol 36(2):299–303

 22. Sun CB, Zhang J, Liu HQ (2018) Optimization of ultrasonic-assisted etha-
nol extraction for protein from Velvet Antler. Food Ind. (09):9–13. http://
kns.cnki.net/KCMS/detai l/detai l.aspx?dbcod e=CJFQ&dbnam e=CJFDL 
AST20 18&filen ame=SPGY2 01809 003&uid=WEEvR EcwSl JHSld Ra1Fh 
dkJkV WEyd2 MxZ0x HYm92 TXE3d ENnTT cxN2E yRT0=$9A4hF _YAuvQ 

https://doi.org/10.1186/s13065-019-0602-y
http://frps.eflora.cn/frps?id=MaluspumilaMill
http://frps.eflora.cn/frps?id=MaluspumilaMill
https://doi.org/10.13855/j.cnki.lygs.2014.06.008
https://doi.org/10.13386/j.issn1002-0306.2013.01.084
https://doi.org/10.13386/j.issn1002-0306.2013.01.084
https://doi.org/10.13332/j.1000-1522.2010.04.002
https://doi.org/10.13332/j.1000-1522.2010.04.002
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201501&filename=1014074365.nh&v=MjM5NTZQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUnZGQ25tVmIvUFZGMjZHck8vR3RMS3FwRWI
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201501&filename=1014074365.nh&v=MjM5NTZQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUnZGQ25tVmIvUFZGMjZHck8vR3RMS3FwRWI
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201501&filename=1014074365.nh&v=MjM5NTZQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUnZGQ25tVmIvUFZGMjZHck8vR3RMS3FwRWI
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201501&filename=1014074365.nh&v=MjM5NTZQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUnZGQ25tVmIvUFZGMjZHck8vR3RMS3FwRWI
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201501&filename=1014074365.nh&v=MjM5NTZQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTFGckNVUkxLZVplUnZGQ25tVmIvUFZGMjZHck8vR3RMS3FwRWI
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201401&filename=1014107600.nh&v=MTUxMDBGckNVUkxLZVplUnZGQ25tV3IvTVZGMjZHcks0R2RmTXI1RWJQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTE=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201401&filename=1014107600.nh&v=MTUxMDBGckNVUkxLZVplUnZGQ25tV3IvTVZGMjZHcks0R2RmTXI1RWJQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTE=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201401&filename=1014107600.nh&v=MTUxMDBGckNVUkxLZVplUnZGQ25tV3IvTVZGMjZHcks0R2RmTXI1RWJQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTE=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201401&filename=1014107600.nh&v=MTUxMDBGckNVUkxLZVplUnZGQ25tV3IvTVZGMjZHcks0R2RmTXI1RWJQSVI4ZVgxTHV4WVM3RGgxVDNxVHJXTTE=
https://doi.org/10.1016/j.molliq.2018.04.135
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2018.22.033
https://doi.org/10.16736/j.cnki.cn41-1434/ts.2018.22.033
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCMFD%26dbname%3dCMFD201802%26filename%3d1018199840.nh%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%e2%80%89%3d%e2%80%89MjIyMjdTN0RoMVQzcVRyV00xRnJDVVJMT2Z
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCPFD%26dbname%3dCPFDLAST2017%26filename%3dZGHY201604004016%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMjQ4MDhlTU9VS3JpZlp1OXZGU3ZpVU
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCPFD%26dbname%3dCPFDLAST2017%26filename%3dZGHY201604004016%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMjQ4MDhlTU9VS3JpZlp1OXZGU3ZpVU
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCPFD%26dbname%3dCPFDLAST2017%26filename%3dZGHY201604004016%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMjQ4MDhlTU9VS3JpZlp1OXZGU3ZpVU
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCPFD%26dbname%3dCPFDLAST2017%26filename%3dZGHY201604004016%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMjQ4MDhlTU9VS3JpZlp1OXZGU3ZpVU
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCPFD%26dbname%3dCPFDLAST2017%26filename%3dZGHY201604004016%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVG1CcDc3d1ZNWGpkeDNPNCtLM3RWYmNtUT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMjQ4MDhlTU9VS3JpZlp1OXZGU3ZpVU
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2001&filename=ZSTJ200102010&v=MDc0MTkxRnJDVVJMS2VaZVJ2RkNublZyN01QejdmWkxHNEh0RE1yWTlFWklSOGVYMUx1eFlTN0RoMVQzcVRyV00=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2001&filename=ZSTJ200102010&v=MDc0MTkxRnJDVVJMS2VaZVJ2RkNublZyN01QejdmWkxHNEh0RE1yWTlFWklSOGVYMUx1eFlTN0RoMVQzcVRyV00=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2001&filename=ZSTJ200102010&v=MDc0MTkxRnJDVVJMS2VaZVJ2RkNublZyN01QejdmWkxHNEh0RE1yWTlFWklSOGVYMUx1eFlTN0RoMVQzcVRyV00=
http://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD2001&filename=ZSTJ200102010&v=MDc0MTkxRnJDVVJMS2VaZVJ2RkNublZyN01QejdmWkxHNEh0RE1yWTlFWklSOGVYMUx1eFlTN0RoMVQzcVRyV00=
https://doi.org/10.3390/molecules22071231
https://doi.org/10.3390/molecules22071231
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dNCPJ201818008%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMTQzNTBuTnA0OUZiSVI4ZVgxTHV4WVM3R
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dNCPJ201818008%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMTQzNTBuTnA0OUZiSVI4ZVgxTHV4WVM3R
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dNCPJ201818008%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMTQzNTBuTnA0OUZiSVI4ZVgxTHV4WVM3R
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dNCPJ201818008%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMTQzNTBuTnA0OUZiSVI4ZVgxTHV4WVM3R
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dNCPJ201818008%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMTQzNTBuTnA0OUZiSVI4ZVgxTHV4WVM3R
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc


Page 8 of 8Cui et al. BMC Chemistry           (2019) 13:81 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

5obgV AqNKP CYcEj KensW 4IQMo vwHtw kF4VY PoHbK xJw!!&v=MDMwM 
Tc0Uj hlWDF MdXhZ UzdEa DFUM3 FUc

 23. Li JH (2005) Study on extraction, purification and function evaluation 
of active composition in pilose antler and function food development. 
China Agricultural University, Beijing

 24. Shi MJ, Zhang Y, Song MM, Sun Y, Li CQ, Kang WY (2018) Screening the 
marker components in Psoralea corylifolia L. with the aids of spectrum-
effect relationship and component knock-out by UPLC-MS2. Int J Mol Sci. 
https ://doi.org/10.3390/ijms1 91134 39

 25. McCann MJ, Gill CIR, Brien G, Rao JR, McRoberts WC, Hughes P, McEntee R, 
Rowland IR (2007) Anti-cancer properties of phenolics from apple waste 
on colon carcinogenesis in vitro. Food Chem Toxicol 45:1224–1230. https 
://doi.org/10.1016/j.fct.2007.01.003

 26. Wu H, Chen M, Fan Y, Elsebaei F, Zhu Y (2012) Determination of rutin and 
quercetin in Chinese herbal medicin by ionic liquid-based pressurized 
liquid extraction-liquid chromatography-chemiluminescence detection. 
Talanta 88:222–229. https ://doi.org/10.1016/j.talan ta.2011.10.036

 27. Abu Tahir M, Pramod K, Ansari SH et al (2010) Current remedies for 
vitiligo. Autoimmun Rev 9(7):516. https ://doi.org/10.1016/j.autre 
v.2010.02.013

 28. Qing LI, Ai XU (2015) Modern research of traditional Chinese Medicine 
Treatment of Vitiligo. Med Recapitul 21:1

 29. Nguyen H, Nguyen N, Nguyen M, Lee T, Do T, Hung T, Nguyen M (2016) 
Tyrosinase inhibitory activity of flavonoids from Artocarpus heterophyllous. 
Chem Cent J 10:1–6. https ://doi.org/10.1186/s1306 5-016-0150-7

 30. Zhang L, Zhao X, Tao G, Chen J, Zheng Z (2017) Investigating the inhibi-
tory activity and mechanism differences between norartocarpetion and 
luteolin for tyrosinase. A combinatory kinetic study and computational 
simulation analysis. Food Chem 223:40–48. https ://doi.org/10.1016/j.
foodc hem.2016.12.017

 31. Xie LP, Chen QX, Huang H et al (2003) Inhibitory effects of some flavo-
noids on the activity of mushroom tyrosinase. Biochemistry 68(04):487–
491. https ://doi.org/10.1023/a:10236 20501 702

 32. Bonte F, Cauchard JH, Archambault JC et al (2010) New orchid extract 
based technology for skin whitening. J Dis Control Prev 14(04):353–356

 33. Jing HF, Liu BH, Liu XT et al (2010) Study on inhibition of lavender essen-
tial oil on the activity of tyrosinase. Chin Wild Plant Resour 29(05):29–31

 34. Cheng FF, Hai H, Hyang YL et al (2011) Inhibitory effect of areca inflores-
cence boiling water extracts on tyrosinase-catalyzing reaction. Chin J 
Trop Crops 11:1932–1936. https ://doi.org/10.1080/00949 65100 37247 90

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc
http://kns.cnki.net/KCMS/detail/detail.aspx%3fdbcode%3dCJFQ%26dbname%3dCJFDLAST2018%26filename%3dSPGY201809003%26uid%3dWEEvREcwSlJHSldRa1FhdkJkVWEyd2MxZ0xHYm92TXE3dENnTTcxN2EyRT0%3d%249A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!%26v%3dMDMwMTc0UjhlWDFMdXhZUzdEaDFUM3FUc
https://doi.org/10.3390/ijms19113439
https://doi.org/10.1016/j.fct.2007.01.003
https://doi.org/10.1016/j.fct.2007.01.003
https://doi.org/10.1016/j.talanta.2011.10.036
https://doi.org/10.1016/j.autrev.2010.02.013
https://doi.org/10.1016/j.autrev.2010.02.013
https://doi.org/10.1186/s13065-016-0150-7
https://doi.org/10.1016/j.foodchem.2016.12.017
https://doi.org/10.1016/j.foodchem.2016.12.017
https://doi.org/10.1023/a:1023620501702
https://doi.org/10.1080/00949651003724790



