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A B S T R A C T

The active components of Malus pumila flowers on antioxidant and tyrosinase activity were investigated
with the method of spectrum-effect relationship and knock-out. Some compounds were identified by UPLC-
MS/MS method. The chemical fingerprints were established by HPLC and the activity of antioxidant and
tyrosinase were assayed in vitro. Chromatographic peaks P34, P35, P39, P44, P45 and P49 were identified
as phloridzin, hyperoside, astragalin, afzelin, quercetin and kaempferol by UPLC-MS/MS method.
Hyperoside and kaempferol were identified in M. pumila flowers for the first time. When the concentration
was 1 g/mL of sample (equivalent to raw material), the scavenging capacity of P35 (hyperoside) on DPPH
free radicals were consistent with the spectrum-effect relationship. The scavenging capacity of P34
(phloridzin) and P45 (quercetin) on ABTS free radicals were consistent with the spectrum-effect relation-
ship. The activation effect of P45 (quercetin) on tyrosinase was consistent with the spectrum-effect re-
lationship. The inhibitory effect of P34 (phloridzin), P35 (hyperoside) on tyrosinase were consistent with
the spectrum-effect relationship.

1. Introduction

Malus pumila Mill has a long history of cultivation and is widely
cultivated in temperate regions of the world (Flora of China Beijing,
1974 ). The main chemical constituents of M. pumila flowers are fla-
vonoids (Yin et al., 2016b). In our group, nine compounds, including
phloretin, kaempferol and kaempferol-7-O-β-D- glucopyranoside were
isolated from M. pumila flowers and their anticoagulant activities were
studied (Yin et al., 2018). In addition, three flavonoids in M. pumila
flowers were analyzed by ionic liquids and exhibited activation or in-
hibition activity on tyrosinase (Li et al., 2018). However, the chemical
compositions of M. pumila flowers were complex, and the dose-effect
relationship between chemical compositions and activity were not
completely clear.

Fingerprint spectra are a recognized method used worldwide to
evaluate the quality of Traditional Chinese Medicine (TCM) (Zheng

et al., 2014). The study of spectrum-effect relationship can reveal
the material basis of the therapeutic values of TCM. The spectrum-
effect relationship researches were conducted based on different
fields, origins, harvest times, processing methods and batches of
TCM (Shi et al., 2018; Cui et al., 2016; Zhao et al., 2016; Xiao, 2013,
Xu, 2014 ). It can not only remedy the disadvantage of isolation
between chemical components and pharmacodynamics, but also
effectively combine fingerprint with pharmacodynamics (Cai et al.,
2017).

The spectrum-effect relationship of TCM was investigated by
mathematical model to connect the characteristic peaks with the
pharmacodynamic value, and explore the correlation between them to
provide a reliable method for elucidating the material basis of TCM
(Wang et al., 2017a,b). HPLC, UPLC, GC and GC-MS are the methods to
establish the fingerprints (Zhou et al., 2008). “Effective” information is
obtained by the biological models in vitro or in vivo (Zhang et al., 2012).

https://doi.org/10.1016/j.fct.2019.110754
Received 8 July 2019; Received in revised form 5 August 2019; Accepted 7 August 2019

* Corresponding author. National R & D Center for Edible Fungus Processing Technology, Henan University, Kaifeng, 475004, China.
** Corresponding author. National R & D Center for Edible Fungus Processing Technology, Henan University, Kaifeng, 475004, China.
*** Corresponding author. National R & D Center for Edible Fungus Processing Technology, Henan University, Kaifeng, 475004, China.
E-mail addresses: liuzhenhua623@163.com (Z. Liu), wangjinmeiscp@126.com (J. Wang), kangweny@hotmail.com (W. Kang).

1 These authors contributed equally to this work.

Food and Chemical Toxicology 133 (2019) 110754

Available online 08 August 2019
0278-6915/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/02786915
https://www.elsevier.com/locate/foodchemtox
https://doi.org/10.1016/j.fct.2019.110754
https://doi.org/10.1016/j.fct.2019.110754
mailto:liuzhenhua623@163.com
mailto:wangjinmeiscp@126.com
mailto:kangweny@hotmail.com
https://doi.org/10.1016/j.fct.2019.110754
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fct.2019.110754&domain=pdf


The methods of data processing, include principal component analysis
(PCA), canonical correlation analysis (CCA), partial least squares ana-
lysis (PLSR) and grey relational analysis (GRDA), are used for the most
(Zhao et al., 2004).

In this study, fingerprints were established by HPLC, activity of
antioxidant and tyrosinase were established for pharmacodynamic
evaluation. The fingerprint peaks were correlated with pharmacody-
namic data to establish a spectrum-effect model (Zeng et al., 2015). The
active substances were screened by spectrum-effect relationship. The
target components were isolated by component knock-out method
(Xiao et al., 2009; Gong et al., 2015 and Wang et al., 2014). The activity
of antioxidant and tyrosinase in vitro for the target components, nega-
tive samples and total extracts were evaluated.

2. Materials and methods

2.1. Chemicals and materials

Methanol was purchased from Tianjin DaMao Chemical Reagent
Factory (Tianjin, China). Acetic acid was obtained from Tianjin Fuchen
Chemical Reagent Factory (Tianjin, China). Astragalin with purity
greater than 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. 1,1-diphenyl-2- picrylhy-
drazyl (DPPH) was obtained from Tokyo Chemical Industry Co, Ltd
(Japan). Azinobis(3-ethylbenzo-thiazoline-6-sulfoncicacid) (ABTS)
were obtained from Fluka (Japan). Butylatedhydroxytoluene (BHT),
butyl-phydroxyanisole (BHA) and propyl gallic acid (PG) were obtained
from Sigma (St. Louis, MS, USA). The LC-20AT high performance liquid
chromatography system (Shimadzu, Kyoto, Japan) equipped with a
degasser, 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 (4.6mm×5 mm, 5 μm) and extraction was
carried out with KQ-500DB ultrasonic cleaner (Jiangsu Kunshan
Ultrasonic Instrument Co., Ltd. Jiangsu, China). Electron, New York,
NY, USA). The Mass spectrometer contained Q-Exactive four stage rod-
orbit trap LC-MS/MS system purchased from Thermo Fisher Scientific
(Waltham, MA, USA) and Thermo Ultimate 3000 UHPLC system.

2.2. Plant materials

The flowers of M. pumila were collected in April 2018 in Henan
University (Kaifeng, Henan, China) and identified by Professor
Changqin Li of National R & D Center of Edible Fungus Processing
Technology. They were collected fifteen different trees. Specimens were
deposited in the National Center R & D of Edible Fungus Processing
Technology.

2.3. Extraction methods

The 15 batches of M. pumila flowers were extracted with 70%
ethanol by maceration for three times, 48, 48 and 24 h, respectively.
Finally, the filtrates were dried, and then methanol solution was added.
The concentration was equivalent to the amount of raw material at the
concentration of 1 g/mL (diluted the concentration in a test).

2.4. HPLC analysis

Chromatographic conditions: RP-18 endcapped column (4.6mm×

250mm, 5 μm), mobile phase with methanol-0.1% phosphoric acid water
was used. The elution procedure was shown in Table 1. The flow rate was
0.8mL/min, the column temperature was 30 °C, the UA detection wave-
length was 254 nm, and the injection volume was 10 μL.

2.5. Determination of biological activity

2.5.1. DPPH assay
According to the literature with BHA, BHT and PG as positive

control (Kang et al., 2011), the IC50 value of the samples was calculated
by Origin 8.0 software.

Free radical scavenging rate=(1-OD1/OD2)× 100%

2.5.2. ABTS assay
According to the literature with BHA, BHT and PG as positive

control (Kang et al., 2010), the scavenging rate of ABTS free radicals
and IC50 value were calculated.

2.5.3. Activity of tyrosinase assay
According to the reference (Zhang et al., 2014), the ethanol extracts

were prepared into corresponding concentration to determine the ac-
tivity of tyrosinase. The activation rate of tyrosinase was calculated
according to the formula.

= + + +
+ + +

×

Tyro ase activation ratesin
A(sample substrate enzyme) A(sample substrate)
A(DMSO substrate enzyme) A(DMSO substrate)

1 100%

2.6. Partial least squares analysis

“Chinese traditional medicine chromatographic fingerprint simi-
larity evaluation system 2004, 1.0 A Edition” was used to correct the
retention time of each peak. The peak area was processed by equal-
ization to obtain the quantitative data (Wang et al., 2017a,b). The
partial least squares regression equation was established with the
analysis software DPS 7.05. The peak area was set as the independent
variable (X). Biological activation rate was taken as the dependent
variable (Y). Chromatographic peaks, which were significantly corre-
lated with activation effects on biological activation were determined,
respectively.

2.7. Knock-out method

M. pumila flowers were prepared at 1 g/mL (equivalent to raw
material) with 20 μL of injection volume every time under the opti-
mized chromatography conditions. The eluent solution of the target
components and negative solution without the target components were
collected according to the peak retention time from the spectrum-effect
relationship analysis, respectively. Each component was prepared and

Table 1
The time program of gradient elution.

Time methanol 0.1% phosphoric acid

0–30min 5%~24% 95%~76%
30–75min 24%~44% 76%~56%
75–90min 44%~46% 56%~54%
90–120min 46%~60% 54%~40%
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eluted in a 15-fold series. The filtrated solution contained the target
component (denoted as P+) and the corresponding negative sample
(denoted as P-).

2.8. UPLC-MS/MS conditions

Chromatographic column was Waters BEHC 18 column
(2.1 nm×100 nm, 1.7 μm) with flow rate as 10 UL/min. Mobile phase
was 0.1% formic acid-water (A) and acetonitrile (B) with gradient
elution mode as 0–5min: 10% B; 5–30min: 10–95% B; 30–55min: 95%
B; 55–56min. 95%–10% B, 56–61min: 10% B. Flow rate was 0.3 mL/
min. The injection volume was 0.2 UL and the column temperature was
25 °C.

Mass Spectrometric Conditions: Positive and negative modes were
adopted by UPLC-MS/MS. Ionization mode was electrospray ionization
(ESI) with flow rate at 35 arb. Auxiliary gas flow rate was 10 arb with
spray voltage at3.5 kV. Capillary temperature was 320 degrees centi-
grade with scanning range for 100–1500 m/z, resolution 70000.
Automatic Gain Control (AGC) was 3×106, maximum injection time
was 50ms. The isolation window was set to 4.0m/z.

3. Results and discussions

3.1. Spectrum-effect relationships

3.1.1. Quantitative determination of chromatographic peaks
The flow chart of this study was shown in Fig. 1. In this study,

fingerprint spectra were used to circumvent the weaknesses of the
fingerprint technique and foster the strengths in TCM and to in-
vestigate spectrum-effect relationships of TCM (Xu et al., 2014).
“Traditional Chinese Medicine chromatographic fingerprint similarity
evaluation system (2004, 1.0A Edition)” was used to quantitatively
determine the chromatographic peaks. Multi-point correction of
chromatographic peak position was performed based on chromato-
graphic peaks, which were found in each sample with good separation
by reference to the chromatogram of M. pumila flowers. A contrast
chromatogram was generated by the average method. The results
showed that 49 common peaks were matched by 15 characteristic
maps in Fig. 2 and Table 2.

3.1.2. Cluster analysis
The relative peak area of each common peak was taken as an

index. SPSS 19.0 software was used for cluster analysis by correlation
coefficient as distance measure of sample similarity (Liu et al., 2016).
The results were shown in Fig. 3 and 15 batches of M. pumila flowers

Fig. 1. General flow chart.
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samples could be grouped into four categories: S12, S14 and S15
belong to one group, S1, S3, S7, S4, S5, S2 and S8 belong to one
group, S9, S11, S13 and S10 belong to one group, S6 belongs to one
group.

3.1.3. Antioxidant activity of M. pumila flowers in vitro
In Table 3, When the concentration was 1 g/mL (equivalent to the

raw material), the antioxidant activity of S1 was the best for the DPPH
assay. The antioxidant activity of S2 was the best for ABTS assay.

Fig. 2. 15 batches of M. pumila flowers HPLC feature peak matching map.

Fig. 3. 15 Cluster Analysis of M. pumila flowers.
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Table 2
Matching data of characteristic chromatographic peaks in different batches of M. pumila flowers by HPLC.

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 Contrast fingerprint

S1 1 0.973 0.994 0.95 0.933 0.985 0.968 0.736 0.918 0.94 0.912 0.828 0.912 0.828 0.8 0.953
S2 0.973 1 0.975 0.9 0.885 0.972 0.987 0.626 0.85 0.891 0.84 0.715 0.841 0.715 0.674 0.889
S3 0.994 0.975 1 0.94 0.926 0.988 0.97 0.72 0.905 0.926 0.901 0.816 0.901 0.816 0.79 0.945
S4 0.95 0.9 0.94 1 0.975 0.937 0.901 0.854 0.959 0.968 0.957 0.904 0.958 0.904 0.875 0.977
S5 0.933 0.885 0.926 0.975 1 0.934 0.866 0.883 0.954 0.95 0.958 0.92 0.958 0.92 0.896 0.977
S6 0.985 0.972 0.988 0.937 0.934 1 0.958 0.75 0.909 0.924 0.906 0.828 0.906 0.829 0.8 0.95
S7 0.968 0.987 0.97 0.901 0.866 0.958 1 0.594 0.827 0.875 0.815 0.689 0.816 0.689 0.649 0.871
S8 0.736 0.626 0.72 0.854 0.883 0.75 0.594 1 0.899 0.85 0.91 0.962 0.91 0.962 0.958 0.895
S9 0.918 0.85 0.905 0.959 0.954 0.909 0.827 0.899 1 0.99 0.999 0.952 0.999 0.952 0.927 0.988
S10 0.94 0.891 0.926 0.968 0.95 0.924 0.875 0.85 0.99 1 0.985 0.909 0.985 0.909 0.875 0.98
S11 0.912 0.84 0.901 0.957 0.958 0.906 0.815 0.91 0.999 0.985 1 0.961 1 0.961 0.938 0.989
S12 0.828 0.715 0.816 0.904 0.92 0.828 0.689 0.962 0.952 0.909 0.961 1 0.96 1 0.994 0.953
S13 0.912 0.841 0.901 0.958 0.958 0.906 0.816 0.91 0.999 0.985 1 0.96 1 0.96 0.938 0.989
S14 0.828 0.715 0.816 0.904 0.92 0.829 0.689 0.962 0.952 0.909 0.961 1 0.96 1 0.994 0.953
S15 0.8 0.674 0.79 0.875 0.896 0.8 0.649 0.958 0.927 0.875 0.938 0.994 0.938 0.994 1 0.931
Contrast fingerprint 0.953 0.889 0.945 0.977 0.977 0.95 0.871 0.895 0.988 0.98 0.989 0.953 0.989 0.953 0.931 1

Table 3
Antioxidant Activity of 70% Ethanol Extract from M. pumila flowers in Different Batches.

sample DPPH ABTS

1(g/mL) IC50(mg/mL) 1(g/mL) IC50(mg/mL)

S1 91.86 19.71 ± 0.34 78.32 22.20 ± 0.22###

S2 87.98 36.37 ± 2.18*** 97.74 1.93 ± 0.01
S3 92.39 64.20 ± 1.73*** 75.16 24.06 ± 0.06###

S4 89.72 37.17 ± 1.11*** 81.18 25.00 ± 0.03###

S5 82.76 23.53 ± 0.09*** 93.87 22.02 ± 0.12###

S6 90.16 46.73 ± 3.73*** 87.61 29.55 ± 0.45###

S7 99.60 20.30 ± 0.14 80.45 21.37 ± 0.13###

S8 91.67 28.43 ± 1.13*** 80.09 21.31 ± 0.03###

S9 88.82 33.43 ± 1.33*** 83.77 25.24 ± 0.22###

S10 91.94 18.07 ± 0.10 76.72 26.22 ± 0.34###

S11 80.59 38.25 ± 2.17*** 87.79 9.32 ± 0.09###

S12 90.66 22.43 ± 0.18** 82.26 4.94 ± 0.09
S13 91.19 34.80 ± 0.61*** 87.86 18.51 ± 0.17###

S14 91.42 30.00 ± 0.60*** 85.86 17.48 ± 0.05###

S15 85.29 30.60 ± 0.21*** 85.86 17.33 ± 1.49###

Note: Compared with S10,*P < 0.05,**P < 0.01,***P < 0.001; Compared with S2, #P < 0.05, ##P < 0.01, ###P < 0.001.

Table 4
Activation rates of tyrosinase for 70% ethanol extracts from M. pumila flowers.

sample Concentration of Ethanol Extract (Equal to the Amount of Raw Medicinal Herbs)

1 g/mL 0.5 g/mL 0.25 g/mL 0.125 g/mL 0.0625 g/mL

S1 293.80 ± 0.01*** 155.70 ± 0.08$$$ 87.15 ± 0.04&&& 51.12 ± 0.09### 21.98 ± 0.36※※※

S2 198.67 ± 0.04*** −17.27 ± 0.87$$$ 62.19 ± 0.37&&& −14.88 ± 0.87### 6.08 ± 0.16※※※

S3 138.54 ± 0.03*** 68.62 ± 0.06$$$ 41.44 ± 0.05&&& 29.94 ± 0.06### 19.41 ± 0.20※※※

S4 364.51 ± 0.06 204.58 ± 0.19 84.48 ± 0.35&&& 61.41 ± 0.20 38.18 ± 0.27
S5 277.79 ± 0.09*** 136.72 ± 0.08$$$ 69.63 ± 0.43&&& 21.55 ± 1.25### 14.98 ± 0.55※※※

S6 207.34 ± 0.09*** 84.88 ± 0.06$$$ 48.12 ± 0.07&&& 19.29 ± 0.26### 2.95 ± 0.52※※※

S7 180.94 ± 0.02*** 109.78 ± 0.18$$$ 47.38 ± 0.07&&& 24.07 ± 0.19### 20.59 ± 0.23※※※

S8 177.39 ± 0.07*** 96.41 ± 0.20$$$ 33.21 ± 0.70&&& −3.16 ± 2.89### −8.02 ± 1.65※※※

S9 182.58 ± 0.12*** 121.12 ± 0.17$$$ 46.25 ± 0.16&&& 6.36 ± 0.48### −6.93 ± 0.47※※※

S10 236.12 ± 0.23*** 192.29 ± 0.16 69.12 ± 0.11&&& 33.67 ± 0.21### 8.74 ± 0.49※※※

S11 283.16 ± 0.08*** 162.49 ± 0.23$$$ 74.05 ± 0.13&&& 24.56 ± 0.14### 2.82 ± 1.20※※※

S12 222.89 ± 0.04*** 145.6 ± 0.17$$$ 70.98 ± 0.48&&& 36.99 ± 0.08### 4.81 ± 1.65※※※

S13 242.23 ± 0.02*** 150.50 ± 0.25$$$ 57.61 ± 0.31&&& 18.24 ± 2.16### 0.22 ± 0.71※※※

S14 222.45 ± 0.04*** 229.67 ± 0.05 96.88 ± 0.29 41.22 ± 0.39### 18.92 ± 0.21※※※

S15 134.44 ± 0.04*** 128.88 ± 0.28$$$ 71.56 ± 0.26&&& 12.10 ± 0.19### −1.32 ± 0.18※※※

Note: Compared with S4 (1 g/mL),*P < 0.05,**P < 0.01,***P < 0.001; compared with S14 (0.5 g/mL),$ P < 0.05, $$ P < 0.01, $$$ P < 0.001; compared with
S14 (0.25 g/mL),&P < 0.05, && P < 0.01, &&& P < 0.001; compared with S4 (0.0625 g/mL),※P < 0.05, ※※P < 0.01,※※※P < 0.001.
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3.1.4. Tyrosinase activity of M. pumila flowers in vitro
In Table 4, the ethanol extracts of M. pumila flowers had two-way

regulation effect on tyrosinase at different concentration. However,
when the concentration was 0.5 g/mL and 0.125 g/mL (equivalent to
the raw material), the sample S2 showed inhibitory activity of tyr-
osinase. When the concentration were 0.125 g/mL and 0.0625 g/mL
(equivalent to the raw material), the sample S8 showed inhibitory ac-
tivity of tyrosinase. When the concentration was 0.0625 g/mL
(equivalent to the raw material), the samples S9 and S15 showed in-
hibitory activity of tyrosinase.

In our study, the areas of quantitative chromatographic peaks were
set as the independent variable(X), activation rate of tyrosinase activity
(equivalent to the raw material 1 g/mL) were taken as the dependent
variable (Y). Then, DPS 7.05 statistical software was used for the mean
of the data processing and the partial least squares regression analysis.
The results showed that when the potential factor reached 7and 2, R2

reached maximum and three regression equations were obtained, as
follows:

Y1 = 0.000000–0.057517X1-0.146612x2-0.001528X3-0.070310X4-
0.103622X5-0.024900X6+0.007196X7+0.136394X8+0.047151X9-
0.008886X10 + 0.257668X11 + 0.096412X12–0.066681X13–
0.049109X14 + 0.040879X15 + 0.020868X16–0.085546X17 +
0.208471X18–0.096616X19 + 0.070220X20 + 0.105765X21–
0.057945X22 + 0.069893X23 + 0.028210X24 +
0.038477X25–0.032349X26 + 0.013085X27 + 0.002519X28–
0.106296X29 + 0.038108X30 + 0.008167X31 + 0.015986X32 +
0.089698X33–0.031332X34 + 0.053394X35 + 0.003352X36–
0.172745X37 + 0.042004X38–0.004706X39 + 0.025760X40 +
0.014470X41 + 0.108257X42 + 0.018646X43–0.042160X44–
0.009990X45 + 0.029840X46 + 0.112787X47–
0.035844X48–0.031771X49

Y2 = 0.000000 + 0.247821X1+0.069923X2+
0.019382X3+0.261750X4+0.111847X5-0.150074X6+0.035749X7-
0.007461X8-0.027179X9+0.028156X10–0.129589X11–
0.128238X12–0.159807X13 + 0.155858X14–0.031962X15 +
0.096604X16 + 0.026986X17–0.132730X18 + 0.009233X19–
0.031587X20–0.119044X21–0.067034X22–0.033137X23–
0.108101X24 + 0.090561X25 + 0.065261X26 +
0.010735X27–0.005237X28–0.022685X29–0.035048X30 +
0.019191X31 + 0.052482x32–0.082500x33 + 0.053517x34–
0.037594x35+0.030286x36+0.055107x37–0.016854x38+0.013095-
x39 + 0.058344x40–0.009883x41–0.028981x42–0.035819x43 +-
0.071179x44+0.050623x45+0.046987x46+0.110448x47–0.111393-
x48–0.057823x49

Y3 = 209.178125 + 8.738932X1+13.325043X2+2.525883X3-
2.446275X4+0.131851X5-0.569870X6-9.387292X7+
6.574189X8+3.064456X9-1.339687X10–10.421878X11 +
1.911491X12 + 9.421468X13 + 8.051810X14–0.371059X15 +
5.547648X16–2.362022X17 + 2.884962X18–2.797988X19–
2.133924X20 + 3.067884X21 + 4.109525X22 + 0.713285X23–
15.390761X24–5.304859X25–9.513628X26 + 13.424406X27–
2.570192X28–5.698558X29–3.451294X30 + 9.541056X31 +
3.573445X32–10.860261X33–4.440462X34–5.751761X35 +
5.911123X36 + 2.303579X37–2.025045X38–2.474112X39–
2.168459X40 + 4.903922X41 + 4.140374X42 + 6.409580X43 +
2.535607X44 + 0.016602X45–1.484484X46 + 4.860115X47 +
6.987505X48–3.511022X49

The regression coefficients of the partial least squares regression
equation was in Fig. 4. Chromatographic peaks P8, P11, P18, P21, P42
and P47 were positively correlated with DPPH free radical scavenging
capacity, and the correlation coefficient were larger (|R| > 0.1). That
is to say, the higher the content of compounds represented by these

Fig. 4. Standardization regression coefficients of partial least squares analysis (PLSR) equations of M. pumila flowers.
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peaks, the stronger the DPPH free radical scavenging ability of samples.
P2, P5, P29 and P37 were negatively correlated with DPPH free radical
scavenging capacity, and the absolute values of correlation coefficients
were higher (|R| > 0.1). When the content of compounds represented
by these peaks increased, the scavenging capacity of DPPH free radicals
was weaker.

Chromatographic peaks P1, P4, P5, P14 and P47 were positively
correlated with ABTS free radical scavenging capacity and had larger

correlation coefficients (|R| > 0.1). That is to say, when the content of
compounds represented by these peaks increased, the ABTS free radical
scavenging capacity of samples were stronger. P6, P11, P12, P13, P18,
P21 and P48 were negatively correlated with ABTS free radical
scavenging capacity, and the absolute values of correlation coefficients
were higher (|R| > 0.1). When the content of compounds represented
by these peaks increased, the ABTS free radical scavenging capacity of
samples was weaker.

Fig. 5. Standardization regression coefficients of partial least squares analysis (PLSR) equations of M. pumila flowers.

Fig. 6. 1. HPLC of M. pumila flowers, 2. HPLC of P49 negative sample, 3. HPLC of target component P49.
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Fig. 7. (a) HPLC of phloridzin standard and sample, (b) Mass Spectrogram of P34, (c)Fragmentation pathway of P34.
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The regression coefficients of the partial least squares regression
equation was shown in Fig. 5. Chromatographic peaks P1, P2, P13, P14,
P27 and P31 were positively related to their activation effects on tyr-
osinase in M. pumila flowers and their correlation coefficients were
larger (|R| > 0.1), meaning that when the content of compounds re-
presented by these peaks increased, the activity of tyrosinase was
stronger. Chromatographic peaks P7, P11, P24, P26 and P33 were ne-
gatively related to the activation effects on tyrosinase and the corre-
lation coefficients were larger (|R| > 0.1), meaning that when the
content of compounds represented by these peaks increased, the acti-
vation of tyrosinase activity of samples decreased.

3.2. Component knock-out test

3.2.1. Mass spectrometric analysis of partial knock-out components
The target components were prepared by HPLC, and the remaining

negative samples did not contain the target component were shown in
Fig. 6. The HPLC of Standard and UPLC-MS/MS diagrams and frag-
mentation pathways of partially knocked-out components were shown
in Figs. 7–12. The results showed that P34, P35, P39, P44, P45 and P49
were phloridzin, hyperoside, astragalin, afzelin, quercetin and kaemp-
ferol Yin et al., 2017; Li et al., 2016; Qin, 2016; Sun et al., 2015), re-
spectively. It should be noted that alternative ways of fragmentation
that can reasonably interpret the product ions are also possible, the

Fig. 8. (a)Mass Spectrogram of P35, (b)Fragmentation pathway of P35.
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Fig. 9. (a)HPLC of astragalin standard and sample, (b) Mass Spectrogram of P39, (c)Fragmentation pathway of P39.
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Fig. 10. (a)HPLC of afzelin standard and sample, (b) Mass Spectrogram of P44, (c)Fragmentation pathway of P44.
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Fig. 11. (a)HPLC of quercetin standard and sample, (b) Mass Spectrogram of P45, (c)Fragmentation pathway of P45.
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Fig. 12. (a)HPLC of kaempferol standard and sample, (b) Mass Spectrogram of P49, (c)Fragmentation pathway of P49.
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Table 5
Antioxidant activity of knock-out components and negative samples of 70% ethanol extract from M. pumila flowers.

Peak DPPH(%) ABTS(%)

70%Ethanol Extracts P+ P- 70%Ethanol Extracts P+ P-

P7 90.72 ± 1.03 – 70.54 ± 1.34 93.31 ± 0.98 11.93 ± 0.66 85.69 ± 0.07
P15 90.72 ± 1.03 18.18 ± 0.38 72.55 ± 0.11 93.31 ± 0.98 61.35 ± 0.01 98.73 ± 0.10
P29 90.72 ± 1.03 15.38 ± 0.04 71.84 ± 0.44 93.31 ± 0.98 60.18 ± 0.09 87.34 ± 1.53
P32 90.72 ± 1.03 15.33 ± 0.12 65.01 ± 2.70 93.31 ± 0.98 57.88 ± 0.02 97.88 ± 1.24
P34 90.72 ± 1.03 – 70.85 ± 4.74 93.31 ± 0.98 22.08 ± 0.04 84.61 ± 1.11
P35 90.72 ± 1.03 45.45 ± 0.57 75.01 ± 2.88 93.31 ± 0.98 – 94.55 ± 2.52
P36 90.72 ± 1.03 9.09 ± 0.01 76.32 ± 1.58 93.31 ± 0.98 51.15 ± 0.29 86.45 ± 1.36
P37 90.72 ± 1.03 6.51 ± .01 64.37 ± 0.56 93.31 ± 0.98 9.98 ± 0.64 88.16 ± 1.38
P38 90.72 ± 1.03 5.85 ± 0.11 84.16 ± 0.10 93.31 ± 0.98 – 90.12 ± 0.46
P39 90.72 ± 1.03 8.77 ± 0.45 77.34 ± 2.12 93.31 ± 0.98 – 78.23 ± 4.02
P40 90.72 ± 1.03 – 93.96 ± 0.28 93.31 ± 0.98 43.63 ± 0.38 95.58 ± 1.47
P41 90.72 ± 1.03 – 91.17 ± 0.40 93.31 ± 0.98 42.24 ± 0.15 96.76 ± 0.98
P42 90.72 ± 1.03 24.20 ± 0.63 82.22 ± 2.72 93.31 ± 0.98 36.57 ± 0.47 98.40 ± 1.27
P44 90.72 ± 1.03 64.89 ± 0.75 89.83 ± 1.09 93.31 ± 0.98 – 96.02 ± 0.93
P45 90.72 ± 1.03 – 77.64 ± 0.33 93.31 ± 0.98 45.48 ± 0.44 98.11 ± 1.42
P48 90.72 ± 1.03 5.50 ± 0.15 64.61 ± 0.76 93.31 ± 0.98 – 99.25 ± 0.72
P49 90.72 ± 1.03 5.87 ± 0.08 75.42 ± 0.84 93.31 ± 0.98 – 99.39 ± 0.68

Fig. 13. Antagonism and synergism effect of DPPH free radical scavenging rate.
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negative charge can be present at any hydroxy group rather than the
position denoted.

3.2.2. Knock-out components and negative samples for antioxidant activity
In Table 5, when the concentration of the sample was 1 g/mL

(equivalent to the raw material), the components P15, P29, P32, P35,
P36, P37, P38, P39, P42, P44, P48 and P49 had the capacity of
scavenging DPPH free radicals. Among them, P35, P39, P44 and P49
were identified as hyperoside, astragalin, afzelin and kaempferol by
UPLC-MS/MS. It has been reported that antioxidant activity of hy-
peroside at 0.2 mmol/L was generally more than 3 times higher than
that of vitamin E (Ju, 2013). Astragalin, afzelin and kaempferol had the
capacity of scavenging DPPH free radicals (Jiao, 2014, Si et al., 2008).
The antioxidant activity of these compounds was consistent with that
reported in the literatures. Therefore, hyperoside, astragalin, afzelin
and kaempferol may be active components in M. pumila flowers for
scavenging DPPH free radicals.

Except for P35, P38, P39, P44, P48 and P49, the other components
had the capacity of scavenging ABTS free radicals, and P7, P32, P34,
P36, P37, P40 and P45 were consistent with the results of spectrum-
effect relationship analysis. Among them, P34 and P45 were identified
as phloridzin and quercetin by UPLC-MS/MS. It has been reported that
phloridzin and quercetin were potential antioxidants in Malus pumila
leaves, Saccharum officinarum rinds, and Coptis chinensis powders(Lu
et al., 2017). The antioxidant activity of phloridzin and quercetin were
consistent with that reported in the literatures. So, phloridzin and
quercetin may be active components in M. pumila flowers for scaven-
ging ABTS free radicals.

In Fig. 13 (a), the total DPPH free radical scavenging rates of P35,
P42 and P44 and their negative samples were higher than those of
ethanol extracts. It suggested that there might be antagonism effect
between the target components and negative samples.

In Fig. 13 (b), the total DPPH free radical scavenging rates of P29,
P32, P36, P37, P38, P39, P48 and P49 and their negative samples were
lower than those of ethanol extracts. It indicated that there might be
synergistic effect between the target components and negative samples.

Except for P35, P38, P39, P44, P48 and P49, the total ABTS free
radical scavenging rates of other target components and their negative
samples were higher than those of ethanol extracts. It suggested that
there might be antagonism effect between the target components and
their negative samples on ABTS free radical scavenging.

3.2.3. Knock-out components and negative samples on tyrosinase activity
In Table 6, when the concentration of the sample was 1 g/mL

(equivalent to the raw material), P29, P32, P36, P37, P39 (astragalin),
P40, P41, P42, P45 (quercetin), P48 and P49 (kaempferol) had acti-
vation effects on tyrosinase, among which P41 had the strongest acti-
vation effect on tyrosinase. Nagata (Nagata et al., 2010) found that
quercetin stimulates melano genesis by increasing tyrosinase activity
and decreasing other factors such as melanogenic inhibitors. In our
previous studies, we found that astragalin could activate tyrosinase.
The activity of astragalin and quercetin were consistent with previous
studies. So, astragalin and quercetin and kaempferol were active com-
ponents in M. pumila flowers for the activition of tyrosinase. Howere, it
has been reported that kaempferol could inhibit tyrosinase activity
(Zhang et al., 2017; Solimine et al., 2016). But, kaempferol could ac-
tivate tyrosinase inM. pumila flowers, This may be the different activity
of tyrosinase at different concentrations, or the different mechanism of
action.

The P7, P15, P34 (phloridzin), P35 (hyperoside), P38 and P44 (af-
zelin) had inhibitory effects on tyrosinase, and P34 and P38 had
stronger inhibitory effects on tyrosinase. Except for P29, P39 and P49,
the other target components were consistent with the results of spec-
trum-effect relationship analysis. Ziaullah et al. (Bhullar et al., 2013)
found that phloridzin could inhibit tyrosinase activity. Some studies
had shown that hyperoside and afzelin could interfere melanin pro-
duction by inhibiting tyrosinase activity (Yin et al., 2016; La, 2011).
The inhibition rate of hyperoside on tyrosinase reached more than 50%
(Zhang et al., 2011). The tyrosinase activity of these compounds were
consistent with that reported in the literatures. We preliminarily
speculated that phloridzin, hyperoside and afzelin had strong antag-
onism effects with other components. The M. pumila flowers maybe
have activate tyrosinase because of them.

In Fig. 14 (a), the target components of P32, P39 and P41 and their
negative samples had an activation effect on tyrosinase, which were
consistent with the action direction of total ethanol extracts. The tyr-
osinase activation rates of these target components and negative sam-
ples were higher than that of total ethanol extracts. This indicated that
there might be antagonism effect between target components and ne-
gative samples on tyrosinase activation.

In Fig. 14 (b), the target components of P7, P34 and P38 and the
negative samples had inhibitory effect on tyrosinase, which were con-
trary to the action direction of total ethanol extracts. It indicated that
there might be antagonism effect between target components and ne-
gative samples on tyrosinase activation.

Table 6
Activation effects of the knocked-out components of water extract of M. pumila flowers and negative samples on tyrosinase.

Peak Activation Rate on Tyrosinase Activity(%)

70%Ethanol Extracts P+ P-

P7 162.19 ± 2.59 −69.49 ± 4.43 −95.71 ± 1.81
P15 162.19 ± 2.59 −19.31 ± 0.97 −100.12 ± 0.34
P29 162.19 ± 2.59 32.15 ± 1.93 −95.24 ± 2.93
P32 162.19 ± 2.59 −3.90 ± 0.04 174.99 ± 0.37
P34 162.19 ± 2.59 −139.32 ± 5.60 −91.74 ± 1.06
P35 162.19 ± 2.59 −6.65 ± 0.23 −98.07 ± 0.42
P36 162.19 ± 2.59 10.85 ± 0.28 95.18 ± 5.06
P37 162.19 ± 2.59 13.81 ± 0.66 96.48 ± 1.46
P38 162.19 ± 2.59 −112.18 ± 2.87 −92.71 ± 1.01
P39 162.19 ± 2.59 8.15 ± 20.19 193.06 ± 3.17
P40 162.19 ± 2.59 21.54 ± 0.52 −116.81 ± 1.73
P41 162.19 ± 2.59 35.17 ± 0.91 135.18 ± 3.35
P42 162.19 ± 2.59 18.10 ± 0.40 −121.29 ± 2.34
P44 162.19 ± 2.59 −13.74 ± 0.09 −123.49 ± 0.53
P45 162.19 ± 2.59 4.36 ± 0.12 98.66 ± 1.34
P48 162.19 ± 2.59 9.79 ± 0.59 −102.54 ± 3.93
P49 162.19 ± 2.59 21.18 ± 0.37 −100.37 ± 3.54
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Fig. 14. Effect between knocked-out components and negative samples of M. pumila flowers: (a) Antagonistic effect on tyrosinase inhibition effect; (b) Antagonistic
effect on tyrosinase inhibition effect; (c)) Synergetic effect.
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In Fig. 14 (c), the target components of P36, P37 and P45 and their
negative samples had activation effects on tyrosinase, which were
consistent with the action direction of total ethanol extracts. The tyr-
osinase activation rates of these target components and negative sam-
ples were lower than those of total ethanol extracts. It indicated that
there might be synergistic effect between target components and ne-
gative samples on tyrosinase activation (Peng, 2017).

4. Conclusion

17 knockout components and their negative samples were prepared
by HPLC. Six compounds were identified by UPLC-MS/MS.
Chromatographic peaks P34, P35, P39, P44, P45 and P49 were phlor-
idzin, hyperoside, astragalin, afzelin, quercetin and kaempferol.
Hyperoside and kaempferol were discovered in M. pumila flowers for
the first by UPLC-MS/MS. The activity of antioxidant and tyrosinase of
six compounds in M. pumila flowers were proved. P35 was consistent
with the spectrum-effect relationship on DPPH free radical scavenging
capacity. P34 and P45 were consistent with the spectrum-effect re-
lationship on ABTS free radical scavenging capacity. P45 were con-
sistent with the spectrum-effect relationship on tyrosinase activation.
P34 and P35 were consistent with the spectrum-effect relationship on
inhibition of tyrosinase.
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