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In order to further understand the type and content of phenolics of Magnolia sieboldii K.
Koch, the method of high performance liquid chromatography (HPLC) was used for measuring
qualitatively and quantitatively free phenolics, combined phenolics and ester phenolics in foli-
age. Chromatographic conditions: C18 column, Mobile phase A pump 0.5% formic acid aqueous
solution, B pump is 0.5%Formic acid methanol solution, The total flow rate of 0.8 ml/min, the
column temperature 30°C,SPD detector. The experimental results showed that the foliage con-
tained coumaric acid and chlorogenic acid of two kinds of free phenolics, caffeic acid, coumaric
acid and catechin coumarin in combined state, coumarin and coumaric acid in ester form, con-
tent range was 0.012 ~ 5.31 mg.Li%. Various forms of coumaric acid widely existed in leaves.

Keywords: HPLC; Free phenolics; Combined phenolics; Ester phenolics; Magnolia sieboldii
K. Koch

Metomom BbIcOKOa(dEeKTHBHOMN sruAKocTHON xpomarorpacdun (BOWKX ) wuccremosasuch
Ka4eCTBEHHO U KOJIMYEeCTBEHHO CBOOO THBIE (DEHOJIBI, (DeHOIbHBIE COeTUHEHNS U KOMOMHUPOBAHHbBIE
citoskHbIe opuphl deHosisl B smmerBe Maruoauu Sieboldii K. Koxa. Pesysnbprarer mokasanm , 4o
JIUCTBA COZEPIKAa KyMapOBYI KHCJIOTY U XJIOPOT€HOBYIO JIBYX BHOB CBOOOJHBIX (DEHOJIBHBIX
COEIMHEHUH, KO(PeHHYI0 KHCIOTY , KYMapoBYIO KHCJIOTY W KaTeXWH KyMapHWHAa B CBSI3aHHOM
COCTOSTHUY , KYMaPHWH ¥ KyMapoBYIO KHCJIOTY B BHJIe CJIOKHOr0 admpa. Jlnamason comepsranust ObLI
0,012 ~ 5,31 mg.L— 1 . Pagmuunsie dhopMbI KyMapOBOM KUCIOTHI IIPHUCYTCTBOBAJIN B JIUCTBHSIX .

BusnaueHHa BiIbHUX | KOMOiHOBaHUX (DEHOJIBHUX CIIOJIYK B ucTi marHodii Sieboldii K.
Koxa. I'ao Xonebine6 Bane Xyan, ﬂy Derneio

MeTOJ:[OM BI/ICOROQd)eRTI/IBHOI piouHHOI XpOMaTorpa(bu (BEPX) ;:Locmz[;»IcyBaJH/Ica SIKICHO
1 KIIBKICHO BLIBHI (peHosH, PeHOTbHI CIIOIYKH 1 KOMOIHOBAHI cmla;:{m edipu dbenonu B smcTi
marnosti Sieboldii K. Koxa. Pesynpratu mokasasu, 1o jucrss MicTHIIa KyMapoOBYI KHCJIOTY 1
XJIOPOTEHOBYIO JIBOX BI/I,E[lB BIIbHHX (beHOJILHHx CIOJIYK, KABOBY KHCJIOTY, KyMapoOBYI0 KHCJIOTY
1 karexiu KyMapuHy B 3B ’I3aHOMY CTaHi, KyMapuH 1 KyMapoBYIO KHCJIOTY Y BUTJIAIL CKJIAJIHOTO
edipy. Hiamason amicty 6ys 0,012 ~ 5,31 mg.L— 1. Pisui hopmu KymMapoBOii KMCJIOTH IIPUCYTHI B
JIUCTI.

© 2016 — STC “Institute for Single Crystals”

1. Introduction

Magnolia sieboldii K. Koch is a small decid-
uous arbor of Magnoliaceae. It is classified as
one of the national rare and endangered plants
in china. As a famous woody ornamental flow-
er with not only beautiful foliage, flowers and
fruits, but also fragrance, magnolia has aro-
matic oil in its flowers, fruits, leaves and roots,
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which can be used for extracting senior spices
with high medicinal value. It is thus clear that
magnolia has become a rare wild woody plant
resource with high value for exploitation and
utilization.

As key secondary products inside a plant,
phenolic substances are widely distributed in
various organs of a plant such as foliage, stem,
skin, flowers and fruits, which have much in-
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fluence on the foliage colors, fruit flavor and
quality of a plant. In recent years, it has been
found that phenolic substances have multiple
effects such as scavenging free radical, resist-
ing membrane lipid oxidation, preventing car-
diovascular disease, anti—aging and anti—can-
cer. Therefore, they have brought people’s at-
tention increasingly [1-3]. Meanwhile, pheno-
lic substances have such effects inside a plant
as disease resistance, injury resistance and
radiation resistance [4].For example, free phe-
nolics such as caffeic acid, catechol, tannic acid,
rutin and cumaric acid can participate in dis-
ease resistant response [5].Besides, the plant
disease resistance and the contents of phenolic
compounds in tissues have much correlation
[6]. The phenolic compounds can affect the cell
membrane permeability and ATP formation,
which can be further catalyzed and oxidized
by polyphenolics oxidase and peroxidase into
quinonoids, which act as bactericides to play a
vital role in the plant disease resistance. There
have been numerous reports on the phenolic
substance determination in woody plants, in-
cluding gas chromatographic method [7] and
liquid chromatographic method [8-10]. Due
to the complicated sample pretreatment of the
gas chromatography, the liquid chromatogra-
phy is much more applied. HPLC determina-
tion of free phenolics and combined phenolics
in foliage shown in this paper has never been
reported in the state.

2. Materials and methods

2.1 Material collection

In August, 2014, the test materials was col-
lected from the fully expanded, mature and
healthy leaves of the adult magnolia plants
growing in Jiangnan Township of Fengman
District of Jilin City. The test sample was fro-
zen 1n liquid nitrogen and saved for use in a
—80°C refrigerator.

2.2 Instruments and chromatographic
conditions

Instruments: High performance liquid chro-
matograph (Shimadzu Corporation), system
configuration: SPD-M20A; diode array detec-
tor, automatic sampler and LC—20AT pump.
Chromatographic column: C18 reversed phase
column (4.6mmx250mm, 5um).Reagents:
Chromatographic pure methanol, formic acid
and ultrapure water. Standard materials: gal-
lic acid, caffeic acid, ferulic acid, cumaric acid,
chlorogenic acid, quercetin, rutin, catechin,
epicatechin and coumarin. All the above stan-
dard materials ware purchased from National
Institute for the Control of Pharmaceutical and
Biological Products.
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2.3 Quantitative determination method

Firstly carried out the detection of ten types
of standard phenolics as per gradient elution
condition mentioned in 1.3. Then conducted
the sample determination. As to qualitative
determination the phenolic substances in the
sample were determined by comparing the re-
tention time of the standard sample with UV
graph. Determined the content of free phenolics
quantitatively in the sample by means of exter-
nal standard calibration curve. The peak area
was measured under the maximum absorption
wavelength. See Table 1 for the maximum ab-
sorption wavelength.

3. Result and analysis

3.1 Extraction of phenolic substances

Took 1 g of the test sample for cryogrind-
ing. Added 30ml of n—hexane. Shook it on the
shaking table for 15 min. to remove ester twice.
Added 30 mL of methanol-acetone—water (vol-
ume ratio as 7:7:6) extractant for 20 minutes
ultrasonic operation at room temperature. Con-
ducted the extraction for 3 times. Then carried
out the extraction filtration. Combined the fil-
trate for 3 times. The filtrate was used for the
extraction of free phenolics and ester phnolics.
And the filtration residue was used for the ex-
traction of combined phenolics.

Carried out the vacuum concentration of the
filtrate combined as above to the aqueous phase
at 40°C. Adjusted pH value of the solution to
2 with 4mol/L. HCI. Conducted the centrifu-
gation. Took the supernatant and remove the
ester twice with 100 mL n—hexane. Conducted
the extraction for 5 times with the mixed liquid
of the isometric 100 mL ethyl acetate — anhy-
drous ether. Combined the extract and conduct
the vacuum concentration to dry it at 30°C. Me-
tered volume to 5mL with methanol solution to
get the free phenolics. Passed it over 0.45 um
microfiltration membrane for HPLC determi-
nation. Combined the aqueous phase solution
obtained by the extraction of ethyl acetate — an-
hydrous ether with the centrifugated sediment.
Added 160 mL of 4 mol/LL, NaOH solution. Hy-
drolyzed it for 4h away from light at room tem-
perature. The rest procedures were the same as
those of extracting free phenolics. Finally ester
phnolics were obtained. Passed it over 0.45 um
microfiltration membrane for HPL.C determina-
tion. Added 40 mL of 4mol/L. NaOH solution to
the filtration residue obtained after the extrac-
tion and filtration of methanol-acetone—water
mixture. Hydrolyzed it for 4h away from light
at room temperature. The rest procedures were
the same as those of extracting free phenolics.
Got the combined phenolics. The methods [11]
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Table.1 Retention time of the standard ma-
terial of the ten types of phenolics and the
maximum absorption wavelength

Phenolic Retention Max1mgm
. . absorption
compound time, min
wavelength, nm
Gallic acid 9.79 270
Catechin 24.89 278
Chlorqgemc 31.91 397
acid

Caffeic acid 32.39 323
Epicatechin 36.66 278
Coumaric acid 45.23 309
Ferulic acid 50.54 322
coumarin 54.13 325
Rutin 68.11 255
Quercetin 73.04 374

was referred to and slightly changed for the
extraction of free phenolics, ester phnolics and
combined phenolics. Passed it over 0.45 um mi-
crofiltration membrane filter for HPLC deter-
mination.

3.2 The selection of chromatographic
condition

Methanol-water or acetonitrile-water shall
be used generally as the mobile phase for the
gradient elution in HPLC determination of phe-
nolic substances. For the purpose of preventing
carboxyl ionization of phenolics compounds
from influencing the separation efficiency, acid
is often needed for the addition in the mobile
phase to make the mobile phase in acid condi-
tions so as to inhibit phenolics carboxyl ioniza-
tion, increase separation factor and improve
the peak shape and resolution of each chro-
matographic peak [12]. 0.5% formic acid aque-
ous solution is contained in pump A. Pump B
contained 0.5% formic acid methanol solution.
The overall flow velocity was 0.8mL/min. Car-
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Fig. 1. Chromatogram of ten kinds of free phe-
nolics
mixed standard. 1 — Gallic acid , 2 — catechins,
3 —Chlorogenic acid, 4 — Caffeic acid, 5 — Epi-
catechin, 6 — Coumaric acid,7 — Ferulic acid,
8 —coumarin, 9 —Rutin, 10 — Querceti

ried out the gradient elution with the initial
concentration as 10%. The column temperature
was 30°C. The elution gradient of pump B was
as follows. With 10% initial concentration, it in-
creased to 18% in 15 min. It increases to 25%
in 35 min. And it increases to 35% in 45 min.
Then the concentration is balanced again for 15
min. In 60 min, it increased to 50%, to 65% in
65 min, and to 95% in 75 min. Afterwards the
flow velocity fell back to its initial concentra-
tion. And the separation column was balanced
under such concentration for 10 min. before the
sample injection.

3.3 The qualitative determination and
chromatographic separation effect

The qualitative determination of phenolic
substances in the sample is conducted by means
of the retention time of the standard material
and the ultraviolet spectrum of the standard
material. See Table 1 for the retention time for
ten types of the standard material of phenolic
substances.

As shown in Table 1, Gallic acid was the

Table 2. Linear regression equation, correlation coefficie-nt, linear range and detection limit

Phebol; d Linear regression Correlation Linearity range, Detection limit,
ebolic compoun equation coefficient mg. Lt mg. L
Gallic acid y=50.156x + 18.51 0.9998 0.05-99.12 26.23
Catechin y=15.9865x — 17.26 0.9985 0.06-98.46 31.89
Chlorogenic acid | y = 31.804x — 23.11 0.9995 0.03-350.26 12.22
Caffeic acid y =22.734x — 56.95 0.9993 0.05-99.65 23.54
Epicatechin y=4.5681x —27.92 0.9948 0.06-97.48 38.26
Coumaric acid y=21.631x —64.36 0.9993 0.03-99.32 19.32
Ferulic acid y =36.381x + 5.46 0.9992 0.036-12.57 24.59
Coumarin y =3.0145x — 9.21 0.9989 0.03-370.32 15.14
Rutin y=39.601x — 1.001 0.9996 0.02—98.21 12.85
Quercetin y=26.147x — 15.69 0.9997 0.90-99.78 51.62
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Table 3. Recovery rate of the standard materials of phenolics

Phenolic compound Added, mg L Found, mg L Recovery, % RSD, %
Gallic acid 1.52 1.36 89.47 1.21
Catechol 1.63 1.47 90.18 2.49
Chlorogrnic acid 1.56 1.13 72.43 1.87
Caffeic acid 1.64 1.30 79.27 1.65
Epicatechin 1.47 1.29 87.76 1.85
Coumaric acid 1.52 1.45 95.39 1.02
Ferulic acid 1.48 1.27 85.81 0.98
Coumarin 1.41 1.19 84.39 1.16
Rutin 1.46 1.21 82.87 1.31
Quercetin 1.60 1.18 79.29 1.18
first peak, its retention time was 9.79 minutes. T ¢
Then it followed catechin, chlorogenic acid, | 8 & A
caffeic acid, epicatechin, coumarin, ferulic acid, 80 s 3
rutin and quercetin in turn. The retention time 60 g
for the last peak of quercetin was 73.04min. 40t 5
The baseline began drifting upward since
75 min due to the use of gradient elution.
The chromatogram of ten kinds of standard
phenolics as shown in Fig. 1. From the o 80l 8 - B
perspective of separation effect, 8 types of o 8 s
phenolics showed super separating effects. X 60r 8 5
Only caffeic acid and chlorogenic acid showed a O 40} 3 £
retention time difference of 1.28min. Although ol £
retention time of the two peaks were so close, \ . L ) o
but did not affect the quantitative accuracy. 0 o
3.4 Linear relation and detection limit 8or -
. . 601 B
As shown in Table 2, the correlation 2
coefficients of the ten types of phenolics all 40 1 £ 3
reached 0.99 and above, which meant good 20t S8 5§
a linear relation within a certain limits. 0 JL N Al . S

Chlorogenic acid and rutin had the wider linear
ranges, which were 0.03—350mg.L' and 0.03—
370mg.L" respectively. And the rest 8 types of
phenolics had narrower linear ranges, which
all fell in the range of 0.02—-100mg.L*.The
minimum detection limit was chlorogenic acid,
which was 12.22 ug.Li'* The maximum detection
limit was epicatechin, which was 38.26ug.Li "
Linear regression method was used in quanti-
tative analysis results of HPLC determination
for phenolics substances. Take maximimum
absorption area as the independent variables,
the content of phenolic substances as the de-
pendent variable to set up linear regression
equation.

3.5 Recovery rate

Added the standard phenolics to the blank
solution before the extraction as per the phe-
nolics extraction method in 2.1. Set up 3 rep-
etitions and averaged it in the test. See from
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Fig. 2. The comparative chromatogram of free
phenolics(A),combined phenolics(B) and ester
phenolics(C) in leaveswith standard phenolics

table 3, coumaric acid recovery up to 95.39%,
followed by catechin, epicatechin, ferulic acid,
coumarin, rutin and quercetin, caffeic acid and
gallic acid. Chlorogenic acid was the lowest, to
72.43% .Relative standard deviation was 0.98
~ 2.49% range and showed that the extracting
method was accurate and reliable.

3.6 Sample determination

See Fig. 2 for the comparison of the detec-
tion chromatographs of free phenolics, com-
bined phenolics and ester phenolics with the
chromatographs of the ten types of standard
materials.

Functional materials, 23, 3, 2016
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Table 4. The determination results of pheno-
lic compou—nds in leaves

Determination results/mg g
Phenolics .
compound Free Ester Combined
phenolics | phenolics | phenolics
Gallic acid 0 0 0
Catechol 0 0 0
Chlorqgrmc 0.75 0 0
acid
Caffeic acid 0 0 1.48
Epicatechin 0 0 0
Coumaric 5.31 0.57 1.11
acid
Ferulic acid 0 0 0
Rutin 0 0 0
Quercetin 0 0 0
Coumarin 0 0.012 0.014

The qualitative determination was conduct-
ed by comparing the retention time of the stan-
dard sample with UV chromatograph. The leaf
contained two free phenolics such as chlorogenic
acid and cumaric acid (Fig. 2A). The content of
the latter was far more than that of the former.
From Fig. 2B we arrived at the conclusion that
the leaf contained three phenolics in combined
state such as caffeic acid, cumaric acid and cou-
marin. The contents of the combined caffeic acid
and cumaric acid were the higher than those of
other phenolics. See Fig. 2C for the test result
of the ester phenolics. The leaf contained ester
phenolics in two forms which were cumaric acid
and coumarin. See Table 4 for various pheno-
lics contents in the sample.

As shown in Table 4 , there were two
free phenolics, two este phenolics and three
combined phenolics. The free phenolics were
cumaric acid and chlorogenic acid. The content
of cumaric acid was 5.31 mg.g!, which was
much higher than the content of chlorogenic
acid. The content of the combined caffeic acid
was the highest, which was 1.48 mg.g™!. The
second was the combined cumaric acid, which
was 1.11 mg.g'. The content of the combined
coumarin was the lowest, which was 0.014 mg.g'.
Two ester phenolics of coumarin and cumaric
acid were mensured. The content of the latter
was 0.57 mg.g!, which was more than 50 times
that of esterified coumarin .

4. Result and discussion

80% methanol-water solution is usually
used for the extraction of phenolic substances.
It is mainly because that methanol has good
solubility against most free phenolics and is
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able to inhibit the enzyme activity to prevent
the oxidation of free phenolics in the extraction
process. Methanol-acetone—water (volume ra-
tio as 7:7:6) is used in this test for the extrac-
tion. It focuses on the extraction of the free phe-
nolics. Meanwhile, it gives consideration to the
extraction of the combined phenolics and ester
phnol. Caffeic acid, chlorogenic acid, catechin
and epicatechin in the free phenolics are unsta-
ble and easy to be oxidized and decomposed. As
a result, the extraction should be conducted at
low temperature and away from light as much
as possible. The rotary thin film concentration
should be heated at below 40°C so as to mini-
mize the oxidation probability. As per the re-
covery rate of the free phenolics, the recovery
rate of cumaric acid was the highest, which was
as high as 95.39%. The recovery rate of chloro-
genic acid was the lowest, showing 72.43%. The
relative standard deviation was 0.98-2.49%,
which indicated that this extraction method
was precise and reliable.

HPLC determination of phenolic substances
has been much reported. Nian Hongli [8] mea-
sures 12 types of phenokic substance content in
fructus corni. Sun Hongzhen [9] measures the
phenolic substances in apple barks by means
of HPLC. Shen Danhong [10] uses HPLC-MS
to measure qualitatively and quantitatively 25
kinds of phenolics in tobacco. Methanol and wa-
ter are used as the mobile phase in all the above
mentioned studies. Besides, 1% acetic acid is
added for the gradient elution so as to prevent
hydrogen in hydroxyl and carboxyl groups of
the phenolics from ionizing. The phenolic sub-
stances are kept in the state without charge so
that superb peak shapes and separation effects
can be obtained [12]. We improved the above
studies in this test by adding 0.5% formic acid.
Compare with acetic acid, formic acid has small
molecules and good permeability, which can ef-
fectively reduce the column pressure. Good ef-
fects were achieved in terms of separation and
peak shapes of the ten phenolics in this test.

There are some reports on the phenolics de-
termination of woody plants. The materials in
the determination mainly include the fruits of
economic values. As an endangered tree spe-
cies, magnolia has both ornamental value and
some medicinal value. The free caffeic acid, cu-
maric acid and chlorogenic acid in plants have
antioxidant property, bacteriostasis and anti-
virus effects [13]. They all belong to phenolics
compounds, which are very unstable and easily
degraded as a result of the influences such as
external temperature, acidity and illumination
[14]. The test result showed that various phe-
nolics were contained in the leaf of magnolia.
We detected two kinds of free phenolics such
as cumaric acid and chlorogenic acid in the ten
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types of phenolics. The content of cumaric acid
was much higher than that of chlorogenic acid.
There were three kinds of combined phenolics,
which were combined caffeic acid, combined
cumaric acid and combined coumarin. The con-
tent of the combined caffeic acid was as high as
1.48 mg.g!. The contents of combined cumaric
acid,and combined coumarin were lower. Two
types of ester phenolics were detected, which
were coumarin ester phenolics and cumaric
ester acid. The content of the latter was much
higher than that of the former. The content of
cumaric acid in leaves of magnolia was very
high in free phenolics, combined phenolics and
ester phnolics. It was interesting to observe in
the test result that the combined caffeic acid
content was quite high in the leaf, but no free
caffeic acid had ever been detected. There was
free chlorogenic acid in the leaf, but no com-
bined chlorogenic acid were found. The com-
bined phenolic substances inside the woody
plants mainly and extensively reside in the
plants cell walls by means of the combination
of ether bond and acetal bond with cellulose.

5. Conclusion

In this study, the phenolics in magnolia
leaves were determined by use of C18 reversed
phase column for the gradient elution with
0.5% formic acid—water and formic acid—meth-
anol solution as the mobile phase. The result
showed that the magnolia leaf contained two
free phenolics, three combined phenolics and
two ester phnolics. Of the phenolics, cumaric
acid was widely found in the three forms of phe-
nolics. The content of it was the richest in free
phenolics and ester phnolics. And in the com-
bined phenolics the content of the combined
caffeic acid was the highest, followed by the
content of cumaric acid.
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