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Yu-hong ZHAOQO, Yao SUN, Ya-nan ZHAI
zhaoyuhong08@163.com
School of Forestry, Northeast Forestry University
Harbin, Heilongjiang 150040 China
Zhen-yu WANG
Chemical Engineering Institute, Harbin Institute of Technology
Harbin, Heilongjiang 150090 China

Mongolia scotch pine have recently received great attention for their health benefits, mainly due to their high polyphenols
content. Nevertheless, stability of pine polyphenols in liquid solution and DPPH scavenging ability during the process of
storage have been only little investigated. In this present study, Mongolia scotch pine cone peer was used as raw material,
effect of different storage conditions on polyphenol stability were studied, based on color and DPPH free radical scavenging
capacity of polyphenols change. Polyphenols contents were quantified with Folin-Ciocalteu. L*, a* and b* values were
detected using Color Companion software and antioxidant ability was evaluated by DPPH scavenging capacity. The
results showed that polyphenols decreased 16 %, 91.3 % and 97.2 % at 4 deg C, 25 deg C and 40 deg C respectively during
Sweeks storage time and degradation followed first-order kinetics. The Activation energy was 68.98kJ/mol". Polyphenols
were stable at neutral and alkaline environment. The color analysis revealed that color parameters (L*, a*, b* and TCD)
were assumed to have an Arrhenius-type dependence on temperature, model followed a first-order reaction. The DPPH
firee radical scavenging capacity of phenolics is affected by storage temperature, pH and time, and it reached the highest
value at 1" week. This research highlights the importance of considering conditions when preserving polyphenols. In cool,
neutral and alkaline environment, the polyphenols were stable for 5 weeks.
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Cocna MoH20bCKAA 0OBIKHOGEHHAA C HEOABHEZO 6PEMEHU UCCIE0YEeNCA 6CULY CEOUX NOIE3HBIX 0718 300P08bA Uel06eKA
C60IICIE, 6 0CHOGHOM, D11A200aPA GbICOKOMY COOepIHCanuio nonugenonos. Tem ne menee, ycmouuusocms nonugheHon0s
COCHbL 8 HCUOKOM PACmEope U cnocoonocns 3axeama ougenunnuxpunzuopazuna (@III) ¢ npoyecce xpanenus uzyuenst
Hedocmamouno. B dannom uccnedoganuu 6 Kauecmee colpbs UCNONb306ANUCH WIUUWIKU COCHbL MOH20IbCKOUL 0ObIKHOBEHHOIL.
Ananusupoganocs ¢ozoeicmeue paziuiHbIX yCA06UNl XPAHEHUA HA YCIMOUYUEOCHb NONUDEHO0I06 HA OCHOBE UIMEHEHUS
ux yeema u CnoCoOHOCHU 3aX6ama c60000HBIX PaduKanoe ougenunnuxkpunzuopasuna. Cooeprcanue nonughenonos
usmepanu ¢ nomoupto peacenma Folin-Ciocalteu. 3nauenusa L*, a* and b* onpedenanuce npu nomouiu npozpammmuozo
obecneuenun Color. Anmuoxcuoanmuole c60ICMEa OYEHUGAIUCH HA OCHOGE CHOCOOHOCIU 3AX6ama OUPeHUINUKPUIZU-
opasuna. Ilokazano, umo cooepcanue nonugenonog ymenvwaemes na 16 %, 91.3 % u 97.2 % npu 4 2pao. C, 25 zpao. C u 40
2pao. C coomeemcmeeHHo 6 meuenue 5 Hedenv XPAHEeHUs U PACNAO RPOUCXOOUN CO2NACHO KUHEMUKeE Nepeozo nopaokKa.
Duepzus akmusayuu cocmasuna 68,98 x/rc/monv?. Ilonughenonvl coxpansnu ycmouuueocmsy 6 wieio4HOU u KUCL0U
cpeoax. Ananus yeemmnocmu 8via8u, umo napamempst L*, a*, b* u nonnozo yeemosozo panuuus, npeononoxcumensHo,
UMeIom 3a6UCUMOCHb OM MEMREPAMypbl, ONUCHIEACMOI YpasHeHuem Appenuyca, u mooens ciedyem peakyuu nepeozo
nopaoka. Ha cnocoonocmp 3axeama c60000HbIX pAOUKAIOE OUPEHUINUKPUNZUOPAZUNA Y PEHONbHBIX CMOTL 6lUACH
memnepamypa, pH u épemsa xpanenus, MaKcumanpbrvie 3HA4eHUs 00CMU2alomcs Ha nepeoii Heoene. Hccnedosanue noo-
uepKugaem 6ax3cHOCMy yuema yciosuil 011 XpaneHus nonugenonos. B npoxnaonoil, neiimpansnoit u wienounoi cpeoe
OHU YCMOU4UGHl 6 meueHue 5 neoeinb.
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Mongolia Scotch Pine is one of the most important
of the pinaceae, belonging to the evergreen trees, strong
adaptability, fast growth, widely and mainly distributed
in the the Xingan, Jilin Changbai Mountain and the northeast
of China [1]. Pine polyphenols contains phenolic compounds
in the pinaceae plants, with a series of unique chemical
properties and biological activity. Ortho phenolic hydroxyl
in polyphenols can easily be oxidized, and have strong ability
to capture free radicals, which has antioxidant, hypolipidemic,
anti-tumor, bactericidal activity [2—5]. This can be applied
to food, medicine, cosmetics, health products and other fields.

The tea polyphenols were deeply research on the stability
of plant polyphenols during storage, temperature and pH value
were the main factors to research the stability of catechol
in aqueous solution and tea beverage [6—8]; Ortiz [9]
demonstrated that catechol in the Green Tea loss increase
with the increase of relative humidity of the storage environment;
Li[10]studied the catechol’s degradation kinetics in dry powder
condition of the Green Tea. Pine polyphenols research mainly
concentrated in the study of the method of extraction, purification
and antioxidant activity, the study on the storage stability neither
liquid nor solid has not been reported.

A plurality of ortho phenolic hydroxyl contained in pine
polyphenols can easily affected by environmental factors
in the storage and application process, once these groups
oxidized and degraded, its content, composition, structure
and color will change, Besides, its antioxidant activity will
be reduced and lose the original function and the value[11].
There are a lot of method to determinate antioxidant activity
such as DPPH method, TEAC method, ORAC method, TRAP
method and FRAP method [12, 13], and DPPH scavenging
activity analysis method has been widely used for screening
antioxidants[14, 15]. Therefore, stability of pine polyphenols
in liquid solution and DPPH scavenging ability during
the process of storage was studied to find out the suitable
storage utilization condition, provide the basis for further
utilization and effective storage of pine polyphenols.

Materials and methods

1. Materials and instruments

Materials. Mongolia scotch pine cone were from
Maoershan forest, Haerbin, Heilongjiang Province. AB-8
macro porous resins were from Tianjin bohong resin technology
Co.Ltd.; DPPH was purchased from Sigma Company; other
reagents were analytically pure.

Instruments. FW135 high-speed universal grinder, DK-
98-11A electro thermostatic water bath were purchased from
Tianjin Taisi Instrument Co.Ltd; RE-52A Rotary evaporator
was from Shanghai Biochemical Instrument Co.Ltd; 722U V/vis
was purchased from Shanghai Spectrum Instrument Co. Ltd.;
DHG-9240 Electric constant heating drying box was purchased
from Shanghai Yiheng Scientific Instrument Co. Ltd.;
Electronic balance was from Shanghai Precision Scientific
Instrument Co. Ltd.; Column chromatography was purchased
from Tianjin Haiguang Reagent Company.

2. Experiment method

Preparation of Pine polyphenols extraction.

Mongolia scotch pine cone peer was dried to constant
weight in natural light and crushed into powder (40 mesh

sieves). The powder was extracted according to the following
conditions: ethanol concentration 60 %, ratio of solid to liquid
1:30 (g/mL), extraction time 4 h, extraction temperature 60
°C. Solid was abandoned, liquid was add to constant volume
after rotary evaporated.

Pretreatment of resins.

Resins were washed by water until stimulated smell
disappeared after soaked with 90% ethanol. Immersed in 4%
hydrochloric acid solution for 3 hours and washed by water,
then immersed in 4% sodium hydroxide solution for 3 hours
and washed by water. Once eluted, resins must be immersed
in 4% hydrochloric acid solution for 3 hours and washed by
water, then immersed in 4% sodium hydroxide solution for 3
hours and washed by water [16].

Purification of polyphenols.

Resins 2 g, polyphenols extract solution (0.15 mg/mL) 50
mL were accurate added to the powder. In the water bath 24
hours for adsorption to balance at room temperature. Filter out
the resins and add 50% ethanol solution 50 mL to the resins
for desorption at room temperature.

Calculation of polyphenol content [17, 18]

Calculate the content of polyphenol solution
with the formula:

M=(Y-C)-500-25/(4 - m-1000),
where Y is the absorbance; M is the content of total polyphenol
in the product; 500 was the sample volume size; 25 was
the measurement of the volume of sample volume.

Storage stability of polyphenol from Mongolia Scotch
pine cone peer

1. Effect of different pH value on the stability
of polyphenols solution.

Get 10 mL polyphenol extract solution and add distilled
water to a constant volume (50 mL) in Erlenmeyer flask. 5 mL
liquid was removed to test tubes respectively and the pH value
was adjusted to 3, 5, 7,9 and 11. Observe the change of solution
during storage (0, 1, 2, 3, 4, 5 week), calculate the polyphenol
residual rate and L, a, b value. Do three parallel experiments.

2. Effect of different temperatures on the stability
of polyphenols solution.

The samples were placed in 4 °C refrigerator, room
temperature away from light, 40 °C constant temperature
box. Observe the change of solution during storage (0, 1, 2,
3, 4, 5 week), calculate the polyphenol residual rate and L, a,
b value. Do three parallel experiments.

Degradation kinetic parameters during storage[10, 19, 20].

According to the rate equation: InX = —kt,
X,

0
Where x_ is the initial mass concentration (mg/mL); x is
the mass concentration when reaction time is # (mg/mL); ¢ is
reaction time (week); & is the reaction rate constant (week™).

The activation energy was determined according
to the Arrhenius equation:

Ink=InA-(

E, 1
2 N T)’

where £ is the reaction rate constant (week '), 4 is the frequency
factor, £ is the activation energy (kJmol '), R is the molar
gas constant (8.3145 J/mol-K), T'is the temperature (K). Using
the formula ¢, = 0.693/k can find out the half-life, k is first-
order reaction rate constant.
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DPPH free radical scavenging capacity of polyphenols
during storage [21].

The sample solution were added with 50 pL of different
concentration gradient in the test tubes respectively, anhydrous
methanol at 1 mL, 1 mL, 200 umol (79 pg/mL) of DPPH
methanol solution, were mixed with samples as the experimental
group, evaded the light place at room temperature. Starting
from Omin up to 60 min, reaction solution absorption values
were measured every 10 min at 517 nm, the control group
using anhydrous methanol solution instead of samples, other
operating above, anhydrous methanol was used in the blank
group. Determination of the reaction index was absorption
values, the median inhibitory rate (IC, ) evaluates the samples
on DPPH free radical scavenging capacity.

DPPH radical scavenging rate expressed as: clearance =
(4,—A,)/4,x100%. A, is the absorption value of control group;
A, is the absorption value of experimental group with sample
solution. The antioxidant BHT standard as a reference, prepare
four concentration gradient standard solution (182.926,
365.853, 548.780, 731.7073 pug/mL) to measure the capability
of DPPH radical scavenging. The polyphenol extract was
diluted to 16.6 ug/mL, 33.2 pg/mL, 49.8 ug/mL, 66.4 pg/mL,
83 pg/mL with 50% ethanol, then determined DPPH free
radical scavenging and IC, in different concentration gradient
to get the correlation between different storage conditions
and DPPH free radical scavenging capacity of Mongolia scotch
pine cone polyphenols.

Statistical analyses.

All experimental data were determined for 3 times,
the results as mean + standard deviation (£ s, n = 3), Excel
2003 is used to analyze the data.

Results and analyses

1. Gallic acid standard curve

There is a good linear relationship between the absorbance
and the content of Gallic acid, regression equation
of the standard curve is: y = 0.0126x + 0.0123 (R*>= 0.9977).

2. Effect of different pH value on the stability
of Mongolia Scotch pine cone peer during storage

Compare the change of polyphenol residual rate
in different pH environment, analysis the influence of pH value
on the storage stability of polyphenols, as shown in figure 2.

Polyphenols decreased most quickly in the environment
of pH 3 after stored for one week, the polyphenol residual
rate fell by 53%. With the extension of time, pine polyphenols
residual rate continues decrease, Mongolia Scotch pine cone
peer polyphenols most unstable in the environment of pH3.
The polyphenol residual rate is reduced by 6%, then decreasing
trend slowly after stored for one week in the environment
of pH 5. Mongolia Scotch pine cone peer polyphenols showed
the stable trend of pH value were 7, 9 and 11, the residual rate
reductions were 5.6%, 7.2%, 10.4% after stored for five weeks.
With the increase of pH value, pine polyphenols residual rate
decreased slowly and tend to be stable, the polyphenol stability
influence of neutral and alkaline environment smaller than acidic.

3. Effect of different temperatures on the stability
of polyphenols solution

Effect of different temperatures on the stability
of Mongolia Scotch pine cone peer during storage.
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Fig. 2. Effect of different pH value on the stability of Mongolia
Scotch pine cone peer during storage
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Fig. 3. Effect of different temperature on the stability of Mongolia
Scotch pine cone peer during storage

The polyphenols solution was stored at 4 °C, 25 °C and 40
°C for five weeks, the results are shown in figure 3.

The influence of temperature on stability of polyphenols
was large, with the increase of storage temperature, polyphenols
residue rate changed obviously. Polyphenols decreased
from 0.083 mg/ml to 0.0697 mg/ml and the residual rate is
reduced by 16% after stored five weeks at 4 °C. Polyphenol
content sustained decreased during storage for five weeks
at 25 °C, polyphenol content decreased from 0.083 mg/ml
to 0.0072 mg/ml and the residual rate is reduced by 91.3%.
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Fig. 4. The degradation of polyphenols at different temperature
(4, 25, 40°C) during storage

Table 1

The thermal degradation kinetic parameters
of Mongolia scotch pine cone peer polyphenols

T, °C R? K, week! £, week E _, KJ mol!
4 0.8958 0.0399 17.37
25 0.9374 0.4164 1.67 29.95
40 0.9888 0.7583 0.91
Table 2

Parameters of kinetic model of color changes
of polyphenols at different storage temperatures

Color N Storage Activation
value Initial data | tempera- | K, week™ R? energy £,
ture, °C kJ/mol
4 0.0406 | 0.6419
L 44.5 25 0.076 | 0.7811 21.47
40 0.1192 | 0.7769
4 0.0449 | 0.9904
a 29.6 25 0.1685 | 0.9411 30.12
40 0.1893 | 0.9848
4 0.1311 | 0.9867
b 433 25 0.1552 | 0.9700 5.19
40 0.1696 | 0.9784
4 5.7955 | 0.9900
TCD 0 25 8.5086 | 0.9946 10.53
40 9.7073 | 0.9976

Polyphenol content decreases from 0.083 mg/ml to 0.0023
mg/ml, the residual rate was reduced by 97.2% at 40°C. So
the low temperature environment had smaller influence to pine
polyphenols, during storage, which appropriate the storage
of polyphenols.

Effect of different temperatures on the degradation
kinetics of Scotch pine cone scales polyphenols.

According to the changes of polyphenol residual rate,
calculate the reaction rate constant and activation energy
to determine its degradation kinetics equation, as shown
in figure 4.

From Figure 4, stored at different temperatures (4, 25, 40
°C), there was a good linear relationship between — In (x/x,)
and time, linear regression coefficient (R?) were greater than
0.89 which indicated polyphenols degradation followed first-
order kinetics.

According to Arrhenius (Arrhenius) equation, logarithmic
on both sides at the same time, thermal degradation half-life 7, ,
and activation energy £ (kJ/mol) of Mongolia scotch pine cone
peer polyphenols were educed by plotted the inverse of first-order
reaction rate constant (Ink) with the inverse of storage temperature
(T), which on the basis of the relationship of different temperature
(T) and the degradation rate constant (K), as shown in tablel.

According to the table 1, different temperatures had effect
on the reaction rate constant (k) and half-life 7, , With the increase
of temperature, the K value increased and the half-life decreased,
which indicated that Mongolia Scotch pine cone peer was easier
degradation in high temperature environment. The activation
energy was from 0 to 400 KJ-mol", the activation energy
smaller, the reaction more easily occurred. The reaction rate
was giant when £ > 400KJ-mol-1 and tiny when E < 42
KJ'mol. The activation energy was 29.95 KJ-mol! measured
from experiment showed degraded reaction was easy occurred
of Mongolia scotch pine cone peer polyphenols.

4. Color changes of Mongolia Scotch pine cone peer
polyphenols during storage

The degradation rate constants of color parameters (L*, a*,
b* and TCD) of Mongolia Scotch pine cone peer polyphenols
were analyzed during storage.

L*, a*, b* decreased with the increase of the storage
time, with the increase of temperature, decreased faster. Pine
polyphenols were oxidized and appeared browning. Linear
regression analysis showed that the degradation rate constants
of color parameters (L*, a*, b* and TCD) were assumed to have an
Arrhenius-type dependence on temperature, the model followed
a first-order reaction. The Activation energy and the change rate
constant of L*, a*, b*, TCD were showed in the table 2.

The activation energy is one of the most important
parameters for the kinetic study of the reaction, which
reflects the amount of energy absorbed from the external
environment when a chemical reaction to be occurred.
According to the theory of reaction kinetics, the activation
energy of the reaction lower, the reaction response faster,
conversely, shown as slow reaction [22].

According to the table 2, the activation energy of a* could
be much larger than the activation energy of b* The rate constant
of a* and b* crossed at point with the decrease of temperature (1/T
increased) form figure 6, which indicated that the degradation
rate of a* and b* were the same value at this point. When
the temperature is higher than the point, the degradation rate
constant of a* was larger than 5*, and when the temperature is
lower than the point, the »* degradation rate constant of a* was
smaller than 5*. So the activation energy could not be simply
relied on to determine the speed of different reaction rates.

5. DPPH free radical scavenging capacity
of polyphenols during storage

According to the changes between polyphenol and DPPH
responded at 0—60 min, the diagram of the DPPH free radical
scavenging capacity of polyphenols was plotted, as shown
in figure 7.
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As you can see from figure 7, in 60 min, the stable free
radical of DPPH in methanol solution almost unchanged
(top line), so the solvent does not influence the experiment.
The scavenging DPPH free radical reaction kinetics model
of polyphenol extracts was characterized by the dual dependence
between concentration and reaction time. The DPPH free
radical scavenging ability was increased with polyphenol
content increased, in the first 10 min, the absorption
value decreased rapidly, then gradually flatten, reactions
to the steady state required about 20 min and absorption
value was stable at 30 min, meanwhile maximum protons had
provided by polyphenols for reacting with DPPH free radical,
so the clearance rate could be calculated by absorbance value
at 30 min as the reaction end point.

According to the method of 1.2.7, the value of IC_ of BHT
was 478 pg/mL, related results was shown in figure 8.

There had a good linear correlation between different
concentrations of Mongolia Scotch pine cone polyphenols
and DPPH radical scavenging rate, so as the reference
compound BHT. Compared with BHT, Mongolia Scotch
pine cone polyphenols had larger slope. By scavenging 50%
DPPH radical, the content of polyphenols accounted for only
12.97% of the content of BHT. The polyphenol extract was
diluted to 16.6 ug/mL, 33.2 u g/mL, 49.8 pg/mL, 66.4 pg/mL
and 83 pg/mL with 50% ethanol, then determined DPPH free
radical scavenging and IC, in different concentration gradient
to get the correlation between different storage conditions
and DPPH free radical scavenging capacity of Mongolia scotch
pine cone polyphenols, as shown in figure 9.

When the pH value was adjusted to 3, 5, 7, 9 and 11,
the change of DPPH free radical scavenging capacity of
Mongolia Scotch pine cone polyphenols were showed in the
figure 9. The capacity of DPPH free radical scavenging of
polyphenols at alkaline environment was better than at acid.
With the decrease of pH value, the capacity of DPPH free
radical scavenging decreased at acid environment, while the
capacity increased with the decrease of pH value at alkaline
environment. With the increase of storage time, the capacity
of DPPH free radical scavenging decreased when pH value
were 3 and 5. While when pH value were 7, 9 and 11, the
values of IC, were decreased first and then increased with
the increase of storage time, the capacity of DPPH free radical
scavenging first increased and then decreased, reached the
highest value at the 1th week.

The results showed that the change of IC, at 4, 25 and
40 °C respectively. With the increase of storage time, the
capacity of DPPH free radical scavenging first increased and
then decreased and the capacity order was 4 °C >25°C >40°C
(figure 10). The capacity of DPPH free radical scavenging
reached the highest value at the 1th week.

Conclusions

Mongolia Scotch pine cone peer was researched as raw
material to study the stability, color and DPPH free radical
scavenging capacity of polyphenols during storage, we can
draw the following conclusions:

1. Polyphenols were more stability at neutral and alkaline
environment, the stability order is pH7 > pH9 > pH11. With
the decrease of pH value, the capacity of DPPH free radical
scavenging decreased.
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Fig. 9. Effect of different pH value on DPPH free radical
scavenging capacity of Mongolia Scotch pine cone peer during
storage

2. Mongolia Scotch pine cone peer polyphenols degradation
followed first-order kinetics. With the increasing temperature,
the K value increased and the half-life decreased, E was 68.98
kJ/mol™, which indicated that Mongolia Scotch pine cone peer
was suitable for preservation in low temperature environment.

3. The color parameters (L*, a*, b*) of phenolics were
affected by storage temperature, pH and time.

4. The DPPH free radical scavenging capacity of phenolics
was affected by storage temperature, pH and time. DPPH free
radical scavenging capacity of phenolics reached the highest
value at the 1th week.
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