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Figure 6. The Arrhenius plot of the rate constant of the
reaction on the surface.
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Figure 7. Comparison the photodegradation of DY142 by
using ZnO and CuO/ZnO as the catalyst.

Langmuir-Hinshelwood plot for the photodegradation
of DY142 can be shown in Fig. 5. The rate constant of
the reaction on the surface, k and the adsorption
constant, Kpy14, can be calculated from the slope and
y-intercept, respectively. The linear fit with the least-
square correlation R? of 0.9968 confirms that the
kinetics of photodegradation of DY 142 with CuO/ZnO
as a catalyst under the daylight irradiation can be
explained by the Langmuir-Hinshelwood expression
with the adsorption equilibrium constant of 0.022
Lmg™and the rate constant of 9.07 mgL*min™at 35°C.

3.6 Effect of temperature

In this part, we carried out the photodegradation
of DY142 at three different temperatures. It was
observed as expected that at high temperature the rate
of photodegradation was faster than that at low
temperature. Within 20 minutes, the percent of
degradation of 40.32 mgL™ DY142 at 25°C is 67,
while that at 45°C is 81. At each temperature, we
performed the experiment again at various initial dye
concentrations. The rate constant of the reaction on the
catalyst surface at each temperature was obtained by
means of the Langmuir-Hinshelwood expression. The
temperature dependence of the rate constant is
demonstrated in the Arrhenius fashion in figure 6. The
activation energy (E,) can be calculated from the slope
of the linear relation between k and 1/T. It results that
E, is 14.7 kJ/mol.

Finally, it is interesting to compare the degradation
efficiency when we use CuO/ZnO composite and ZnO
as a photocatalyst. The experiments were done with
40.32 mg/L DY142 and a certain amount of catalyst
(3.0 g/L). The result is shown in the figure 7. Within
100 minutes the percent of degradation rises up to 90
% if CuO/ZnO composite is used as a catalyst. While
the percent of degradation is just 54% if one use ZnO
instead.

4. Conclusion

In this study, the photodegradation of DY142
under the daylight irradiation was investigated. It was
demonstrated that CuO/ZnO composite can be used as
a heterogeneous catalyst with the higher catalytic
efficiency than using ZnO by a factor of 1.64. The
optimal dosage of CuO/ZnO for the photodegradation
of 40.32 mgL™ DY142 was 3.0 g/L. The photo-
degradation efficiency did not strongly depend on the
pH of the solution. However, performing the reaction
in the acidic medium still had the higher efficiency
than in the alkaline medium. The kinetics of the
photocatalytic degradation of DY 142 can be explained
by the Langmuir-Hinshelwood model with the
adsorption equilibrium constant of 0.022 Lmg™and the
rate constant of 9.07 mgL'minat 35°C. By using the
Arrhenius equation, the activation energy of 14.7
kJmol™ was obtained.
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Abstract: Waste tyre rubber (WTR) powder was coated
with cationic polymer, poly@acrylamidopropyl)
trimethylammonium chloride (p(APTMACI)) which
was synthesized via free radical polymerization in
aqueous solution. The WTR/p(APTMACI) was utilized as
adsorbent for the adsorption of arsenate from aqueous
medium at room temperature. The adsorbent was
characterized by  Fourier  transform infrared
spectrometry (FT-IR) and the amount of arsenate in
solutions was determined by inductively coupled plasma-
optical emission spectrometry (ICP-OES). Parameters
affecting the adsorption of arsenate including solution
pH, concentrations of APTMACI monomer in the
preparation step of WTR/p(APTMACI), contact time of
adsorption and temperature for drying process of the
adsorbent, as well as Langmuir and Freundlich
adsorption isotherms were studied. The optimal pH for
the adsorption was 8. The adsorption increased gradually
with increasing the monomer concentration and contact
time. Comparing drying temperatures between 50 and 100 °C,
the adsorption amount of arsenate was higher at the
lower drying temperature. The adsorption behavior
obeyed the Freundlich model with the R? of more than 0.98
indicating that the adsorption occurred on a heterogeneous
surface. The sorption amount of arsenate increased with
increasing the initial arsenate concentrations in the range
of 5-30 mg/L.

1. Introduction

Arsenic in drinking water has the greatest impact
on the human health. The guideline values for arsenic
in drinking water established by the World Health
Organization (WHO) and United States Environmental
Protection Agency (USEPA) are limited to 10 pg/L
[1]. Under reducing conditions, arsenic occurs in
trivalent state (arsenious acid) whereas the pentavalent
state (arsenic acid) is common in oxidizing conditions
in aqueous system [2]. The removal of arsenic is
accomplished by adsorption techniques. Waste tyre
rubbers (WTR) are an interesting and inexpensive
sorbent for the adsorption of toxic metals from aqueous
solutions. Common chemicals having been used in the
production of tyre rubber are zinc oxide, carbon black
and sulfur, one or all of which could be responsible for
sorption affinity for metal ions [3]. The carbon black in
the rubber is similar to activated carbon, a good
adsorbent to remove dissolved organic substances from
wastewater. There have been numerous studies on the
adsorption of heavy metals from water and wastewater
by tyre rubber powder. For instance, Cd(ll), Pb(ll),
Cr(1V), Hg(ll) and Cu(ll) ions have been removed

from aqueous solutions by tyre rubber [4,5]. In this
study, WTR was modified by a cationic polymer,
poly(3-acrylamidopropyl)trimethylammonium chloride
[P(APTMACI)] and used as arsenate adsorbent.

2. Materials and Methods

2.1 Materials and chemicals

WTR was obtained from Union Commercial
Development Co. Ltd. (Samut Prakan, Thailand). (3-
Acrylamidopropyl)trimethylammonium  chloride
(APTMACI) (75 wt% solution in water), NN’ -methylene
bisacrylamide (MBA), N,N,N’,N’-tetramethyl
ethylenediamine (TEMED), and ammonium
persulfate (APS) were purchased from Aldrich. The
stock solution of 1000 mg As(V)/L was purchased
from Sigma-Aldrich.

2.2 Instruments

A Fourier transform infrared spectrometer (FT-
IR, model Nicolet 6700, Thermo) was used for the
characterization of the prepared materials. An
inductively ~ coupled  plasma-optical ~ emission
spectrometer (ICP-OES, model iCAP 6500, Thermo)
was used the determination of As in solutions.

2.3 Preparation of waste tyre rubber powder coated
with poly(3-acrylamidopropyl)trimethylammonium
chloride

About 0.5 g of WTR was mixed with desired
amounts of APTMACI monomer, 10 mM of TEMED
and 50 mM of MBA. Then, the mixture was sonicated for
15 min and purged by N, for 1 h. About 0.5 mL of 70
mM APS was added and stirred for 1 h and the solid
was separated by filtration. After that, it was washed
twice with 5 mL of DI water and dried at 50°C for 24
h. The concentration of APTMACI was varied in the
range of 250 - 2000 mM and the As(V) adsorption
capacities of obtained WTR/p(APTMACI) were
investigated. The adsorption efficiency q (mg/g) was
calculated using Equation 1.

q= (Co _Cf)v

1
W (€
where C, and C; are the initial and final As
concentration in solution (mg/L), respectively. V is the
volume of As solution (L) and W is the weight of
adsorbent (g).




2.4 Effect of pH

The effect of pH was studied in the pH range of
3.0-10.0 by using 1% HCI and 1% NaOH solution for
pH adjustment. 10 mL of As(V) solution (10 mg/L)
and 0.1 g of WTR/p(APTMACI) was shaken in a test
tube for 24 h. Then, the solution was filtered and the
amount of As(V) was determined by ICP-OES.

2.5 Adsorption isotherm

0.1 g of WTR/p(APTMACI) was stirred with 10
mL of various initial concentrations of As(V) solution
in the range of 5 to 30 mg/L using optimal conditions
from previous experiments. Langmuir and Freundlich
models were studied.

2.6 Effect of adsorption time

The effect of adsorption time (30-360 min) was
investigated using 10 mg/L of As(V) solution with the
optimal pH value. 10 mL of As(V) solution was added
in a test tube containing 0.1 g of WTR/p(APTMACI) and
the mixture was stirred at room temperature.

3. Results and Discussion

3.1 FT-IR characterization

FT-IR spectra of WTR/p(APTMACI) and WTR
were compared in Figure 1. Figure 1(a) displays the
broad peak (3500-3200 cm™) which was assigned to
N-H stretching. The absorption band at around 3000
cm™ was assigned to the stretching of alkyl groups.
The strong peaks at 1650 and 1211 were assigned to
C=0 and C-N stretching of amide groups of
P(APTMACI). Therefore, it suggested that
WTR/p(APTMACI) was successfully prepared.

Figure 1. FT-IR spectra of (a) WTR/p(APTMACI) (0.5
g WTR; 10 mM TEMED; 70 mM APS; 500 mM APTMACI
and 50 MM MBA) ; (b) WTR..

3.2 Effect of pH

The adsorption amount of WTR/p(APTMACI)
was evaluated and compared with WTR by using
As(V) solution (10 mg/L) in the pH range of 3-10 with
the adsorption time of 24 h. From Figure 2,
WTR/p(APTMACI) showed higher efficiency in As(V)
adsorption than WTR. As(V) adsorption amount using
WTR was almost similar at all initial pH. At pH 6,

WTR showed the higher adsorption amount of 0.054
mg/g, while for WTR/p(APTMACI) the higher
adsorption amount was observed about 0.35 mg/g at
pH 8. This tendency agrees with the deduction that
higher pH favors the formation of negative charge of
arsenate form [6], leading to higher adsorption of
arsenate onto the surface of positively charged
WTR/p(APTMACI).

--e--WTR
—>— WTR/p(APTMACI)

o
w
@

Amount of adsorbed As (mg/g)

pH

Figure 2. Effect of pH on As(V) adsorption (initial
concentration = 10 mg/L (10 mL); adsorption time =
24 h; adsorbent = 0.1 g).

In addition, carbon black, stearic acid and sulfur
in the form of thiol groups and polysulfide links in
WTR could also behave as an ionic exchanger [7-9].
Furthermore, due to the large available surface areas of
p(APTMACI), As(V) would be entrapped onto
polymer via electrostatic attraction or van der Waals
force [10]. WTR/p(APTMACI) adsorbent was
modified with APTMACI as the monomer, where the
functional group —N"(CHs); carries a permanent
positive charge, which is highly susceptible to ion
exchange during the process of adsorbing the anion
species [11]. It was expected that the trimethylammonium
group would provide the major adsorption sites. The
amide group, existing both in the monomer and
crosslinker (MBA), is also susceptible to arsenate
adsorption. As chloride is initially attached to the
—N*(CHa); group for charge balance, in the presence of
arsenate species, the exchange between anions may
occur during the process of adsorption, in which the
mechanism should be ion exchange.

3.3 Effect of ratio of APTMACI to WTR

The increase in a ratio of APTMACI to WTR
would be expected to increase the amount of adsorbed
As(V). The results presented in Figure 3 indicated that
as the ratio of APTMACI to WTR increased, the
amount of adsorbed As(V) increased up to 0.48 mg/g.
This may be due to an increase of -N*(CHj3); groups on
the adsorbent. However, the higher adsorbed amount of
As(V) with small amount of monomer is preferable.
Thus the weight ratio of APTMACI/WTR at 5 (with
0.35 mg As(V)/g sorbent) was selected for further
experiments.
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Figure 3. Effect of ratio of APTMACI to WTR (pH 8; drying
temperature of adsorbent =50 °C; adsorbent weight = 0.1 g).
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Figure 4. Effect of drying temperatures of

WTR/p(APTMACI) at 50 and 100 °C ([As] = 10 mg/L;
pH 8; contact time = 24 h).

3.4 Effect of drying temperature of adsorbents

The effect of drying temperature of
WTR/p(APTMACI) adsorbents between 50 and 100°C
on the adsorption of As(V) was investigated for initial
concentration of 10 mg/L As(V) solution, pH 8,
contact time of 24 h and in various concentration of
APTMACI. From Figure 4, the adsorption amount of
arsenate was higher at the lower drying temperature.
This suggested that high temperature may cause the
degradation of cationic polymer p(APTMACI) on the
surface of WTR, resulting in decreasing the efficiency of
As(V) adsorption.

3.5 Adsorption isotherm

The adsorption behavior can be investigated by
using a fixed amount of WTR/p(APTMACI) at 0.1 g
with various concentrations of As(V) solution under
the optimum conditions (pH 8 and adsorption time of
24 h) at 25+1°C. Figure 5(a) displays that the amount
of As(V) adsorbed onto the adsorbent increased
linearly with increasing As(V) concentrations in the
range of 5-30 mg/L. Langmuir isotherm explains the
monolayer adsorption of adsorbates on homogeneous
surface with limited number of active sites and each
site can adsorb only one target ion via chemisorptions.
Freundlich isotherm model can be applied to multilayer
as well as non-ideal sorption on heterogeneous surface with
different adsorption energy [12].
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Figure 5. Adsorption efficiency of WTR/p(APTMACI)
(pH 8; t = 24 h; 25£1°C; 0.1 g sorbent) (a) adsorption
amount; (b) Langmuir isotherm plot. (c) Freundlich
isotherm plot.

Linearized equations of Langmuir and Freundlich

isotherm model are shown below. The Langmuir
equation can be written in linear form in Equation 2.
c.__ 1 .G @
d. 4d.b aq,
where C, is the equilibrium concentration of As(V) in
the bulk solution (mg/L), g is the amount of adsorbed
As(V) at equilibrium (mg/g), gn is the maximum
adsorption capacity (mg/g) and b is the constant related
to the free energy of adsorption (L/mg).

gm and b can be calculated from the slope and y-
axis interception by plotting C./q, versus C, as shown
in Figure 5(b). Furthermore, the linearized Freundlich
equation is shown in Equation 3.

Ing, =InK; +1InCe (3)
n

where Kg is a constant related to adsorption capacity of
the adsorbent (mg*™ Lg% and n is Freundlich
constant indicating the adsorption intensity. C, and ge




are the same parameters used in Langmuir equation,
which are concentration of As(V) (mg/L) and amount
of As(V) adsorbed at equilibrium (mg/g), respectively.

The linearized Freundlich isotherm is presented
in Figure 5(c) by plotting In g, versus In C.. From the
correlation coefficient (R?) in Figure 5(b) and 5(c), the
experimental data of As(V) adsorption fit to Freundlich
model better than Langmuir model. It reveals that
As(V) adsorption on the WTR/p(APTMACI) follows
Freundlich isotherm suggesting that arsenate ions were
adsorbed as multilayer on the surface of
WTR/p(APTMACI). This may reflect the irregular
energy distribution on the adsorbent surface due to the
presence of different groups; (i.e., amide groups and
quaternary ammonium) with different activation
energies [13]. The adsorption of As(V) was likely to
occur on heterogeneous surface as mentioned in
Freudlich isotherm assumption. The adsorption
capacity (Kg) and adsorption intensity (n) were
calculated to be 0.1806 mg*®"LY"g™ and 0.7581,
respectively. The high n value of Freundlich isotherm
is related to the strength of adsorption, which
significantly indicates that the interaction between
As(V) and the adsorbent is strong.
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Figure 6. Effect of contact time on the adsorption of
As(V) on WTR/p(APTMACI) ([As] = 10 mg/L; pH 8;
temperature = 25°C; adsorbent = 0.1g).

3.6 Effect of contact time

In former experiments, the contact time was fixed
at 24 h in order to ensure the equilibrium of adsorption
according to the literature [4,5]. However, optimal and
shorter contact time would be preferred. The effect of
contact time was thus studied from 30 to 360 min for
the initial concentration of 10 mg/L As(V) solution. It is
clear from Figure 6 that the adsorption of As(V)
on WTR/p(APTMACI) increased significantly with
time and the equilibrium attained at about 330 min.

4. Conclusions

WTR/p(APTMACI) is a suitable adsorbent for
the adsorption of arsenate. The adsorption depends on
the temperature for drying process of the preparation of
adsorbent. FT-IR characterization of adsorbent proved
that the sorbent contained amide group which is
expected to improve the efficiency of adsorption of
arsenate via electrostatic force. A maximum of 0.35

mg As(V)/g sorbent could be achieved at pH 8. The
amount of As(V) adsorption increased with
increasing concentrations of APTMACI monomer and
contact time. However, the adsorption amount of
arsenate was higher at the lower drying temperature.
The analysis of the equilibrium data of the adsorption
process fitted the Freundlich isotherm. The prepared
sorbent from waste tyre rubber powder is a promising
low cost adsorbent for arsenate removal from
wastewater.
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Abstract: Environmental assessment of radioactive
contamination in the marine organisms requires basic
information on radionuclide baseline levels in biotic and
abiotic components. A naturally occurring alpha emitter,
2pg  accumulates in marine organisms and reflects
differences in their diets. The activity concentrations and
internal dose of °Po in crab, fish, shrimp, and squid
collected from the Gulf of Thailand were monitor.
Samples were freeze dried and radiochemical separation
of ?®Po was performed. There were differences in the
activity concentrations of ?°Po in a descending order:
shrimp > crab > fish > squid. In addition, it was observed
that the 2°Po levels in demersal fish were higher than the
pelagic fish, probably due to their habitats and feeding
habits. The safeness of the environment was analyzed by
calculating the internal dose rate. The hazard quotient
for the studied seafood was lesser than the global bench
mark dose of 1000 pSv.y.

1. Introduction

Seafood and their products form one of the major
sources of protein for the Thai people and have high
great export significance. The demand of global
market on seafood has been influenced the country’s
international trade and the development of fisheries.
This is reflected in raising shrimp, squid and pelagic
species for export. As a result, Thailand was the
second largest global exporter of fishery commodities
in terms of value during the period 2001 to 2003[1].

Since a Fukushima incident, the public has become
of growing concern on radionuclides contamination in
seafood. Marine organisms have the capacity of
bioaccumulation radionuclides and other toxic
elements from water, and therefore the investigation of
radioactivity in marine organisms such as crustaceans,
molluscs and fishes is importance in term of public
health safety. Consumption of seafood containing
radionuclides is the most important route of exposure.
Measurement of natural background levels and
estimation of dose to public is necessary.
Environmental assessment of radioactive
contamination in the marine organisms requires basic
information on radionuclide baseline levels in biota
and abiotic components.

Among the natural radionuclides occurring in the
sea, 2P0 poses considerable radiation risk even with
minimal intake due to its high linear energy transfer
(LET). ?Po is a pure a-emitting radionuclide with a
half-life of 138.3767 + 0.0020 days and with a high

specific activity of 1.7 x 10 Bqg.g™. The main source
of the *°Po is “*’Rn emanation which is released from
the earth’s crust to the atmosphere. “°Po returns to the
earth surface by wet and dry deposition. Atmospheric
precipitation of ?°Po on the surface and coastal waters
are the main source of #°Po entering to the marine
environment [2].

2190 is the most contributing radionuclide (>90%)
in fish and shellfish result in higher radiation dose and
toxicity to people whose consuming them [3]. The
concentration of °Po in marine biota can be increased
in the marine food chain by bioaccumulation process.
According to UNSCEAR report (2000), *°Po deliver
about 83% of the annual effective dose to human. In
the same report stated that *°Po is the major
contributor, with the average dietary fish-product
component containing 2 Bg.Kg® of #°Po [4]. The
committed effective dose of °Po per unit of intake is
about 10 to 10 000 times higher than for most other
radionuclides. The toxicity of ?°Po is connected with a
relatively high energy of about 5.3 MeV and that it is
concentrated in the soft tissues, such as muscle, liver,
kidney, and hemoglobin. **°Po is primarily associated
with proteins in living organisms and can also
penetrate into the cytoplasm of cells [5].

The purposes of this study were to obtain a
baseline data on ?°Po activity concentrations in crab,
fish, shrimp, and squid collected from the Gulf of
Thailand and also determination of the internal dose of
2190 in studied organisms.

2. Materials and Methods

2.1 The study sites

Crab, shrimp, fish, octopus and squid were
collected during May-July 2011 from the Gulf of
Thailand on the east and the south coast districts
(Figure 1).The sampling sites were chosen on the basis
of the landform. The marine landform situates along
the coast surrounded by many fishing villages in the
coast of both locations with fish landing centers and
with approximately 200-300 hundred fish workers.
The east coast districts were in Chonburi, Rayong and
Trad province where the south coast districts were in
Prachuap-Kirikhan, = Chumphon and  Suratthani
province. These places are endowed with a rich
diversity of marine organisms where on east coast is




primed in squid and bivalves and south coast is in
octopus, dermersal and pelagic fishes.

Figure 1 Map showing the study area.

2.2 Sample preparation

The samples were studied in three different groups:
fish, crustacean (crab and shrimp) and mollusc (squid
and octopus). Fishes were dissected into muscle and
remainder (bone and viscera), only muscle was used to
analysis. Shells of crab and shrimp were removed and
soft tissues were collected. Squid and octopus samples
were washed with distilled water, except two exported
products (cleaned squids). All samples were freeze
dried and then mixed homogeneously. Wet weight and
dry weight of each sample was recorded.

2.3 Analytical procedures

Aliquots of the homogenized samples, 5 g dry
weight were subjected to radiochemical analysis using
?po as a vyield tracer. The sample was carefully
decomposed by wet-ashing with HNO3;, HCLO, and
HCI. Each portion of acids was evaporated to dryness
at temperature of about 80° C. The residue was then
dissolved in 100-150 ml of 0.3M HCI with warming;
any insoluble matter was filtered off before proceeding
to the polonium spontaneous deposition. Several 10
mg of ascorbic acid were added to the solution until
the yellowish color disappeared.

Polonium was spontaneously deposited on a
polished silver disc (the backside of which was coated
with resin) at room temperature for 16 hr. After
completion of the deposition, the silver disc was
removed, rinsed with milliQ (18 m¢) water and dried
at room temp. Po was measured by o spectrometer
(ORTEC Octete PLUS).

The accuracy and precision of the radiochemical
method were evaluated using IAEA reference material
(IAEA-414 Fish).

2.4 The annual committed effective dose (CED)

The estimated CED for individuals as a result of
radionuclide intake was derived from measured
concentrations in sample using the appropriate
ingestion dose conversion factors (DCC) for adults

recommended by IAEA [6]. The dose was calculated
as follows:

C():AiXDFXEFXMF

Where C, is the CED in pSv.y !, A; is the activity
intake (Bg. kg™ ww), D¢ is the DCC (0.43 uSv.y ™), Er
is the exposure frequency (y) and Mg is the modifying
factor due to decay of #°Po between catch and
consumption (0.6) [3].

The Southeast Asia consumption rate used for
marine dermersal and pelagic fish, crustacean and
mollusc are 16.4, 1.6 and 4.1 kg.y™, respectively [7].

3. Results and Discussion

3.1 Activity concentrations of %°Po

The activity concentrations range (Bg.kg™ ww) of
2190 measured in the flesh part of crab, shrimp, fish,
octopus and squid collected from the east and south
coast districts of the Gulf of Thailand are given in
Table 1. The results are comparable with the literature
data[3,5, 8, 9].

There were insignificant differences in activity
concentrations of #°Po among the collecting sites. For
the better comparison of the results obtained, the fishes
were classified into two categories based on their
habitats as dermersal and pelagic. The samples are
classified into three categories as crustacean (crab and
shrimp), fish (dermersal and pelagic) and mollusc
(octopus and squid).

Table 1. Activity concentrations range (Bg.kg‘ww)
of ?°Po measured in the flesh part of seafood. In
parenthesis is the number of samples analyzed.

Type 219p0 Jevel (Bg.kgww)

23.861 —32.157
42.316 —45.908

18.692 —24.246

Crab (3)
Shrimp (5)
Dermersal fish (20)

Pelagic fish (20) 5.822 —17.251
Octopus (5) 6.023 —10.728
Squid (30) 3.275-12.651
Squid (cleaned) (5) 1.434 — 2.032

The highest value of #°Po activity was found in
shrimp and the lowest value was found in squid. The
concentration in fish samples varied from 5.822 to
24.246 Bq.kg'ww. The data showed that the ?°Po
activity concentration (Bg.kgww) in the groups
examined ranged from 23.861 to 45.908 (crustacean),
5.822 to 24.246 (fish), and 3.275 to 12.651 (mollusc).
The ranges quoted here suggest some variation ?°Po
activity concentration among different species
according to those feeding habits and bio-mechanisms.
Activity levels of ?°Po revealed that shrimp > crab >




fish > squid as show in Figure 2. In the case of
speceies grouping, the concentration levels indicated
crustacean > demersal fish > pelagic fish > mollusc.
Since polonium is absorbed from water and
incorporated into the suspended particles, it is
suggested that the high concentration in the body
tissues might be due to the feeding habits of the marine
organisms In this study indicated the relatively low
%g concentration in mollusc (octopus and squid)
when compared with others, may be due to its
differential feeding pattern. Similarly, shrimp being a
scavenger, accumulated more #°Po compared to other
species. The #°Po absorption efficiency for shrimp and
fish was reported to approximately 0.33 and 0.5,
respectively, and roughly corresponded to the
assimilation efficiencies of protein from food [8].

Figure 2 Concentrations of *°Po in crab, shrimp, fish
and squid of the Gulf of Thailand environment.

Considered on fish categories, it was found that
2% in dermersal fish higher than pelagic. Radiation
activity measured in these species may be due to the
nature of these fishes and their carnivores mode of
feeding; these fishes feed on benthic organisms w
hich tends to accumulate *°Po from food chain at high
rate. Indeed, it is reasonable that the levels in different
food may influence the level of #°Po noted amoung
tissues of different species of fish because the main
source of *®Po accumulated by fish is believed to be
the food chain. Since the global data did not take into
consideration any classification according to feeding
habits, it was difficult to attribute that wide range
variation to the difference in feeding habits. The
observation results in this study are similar to those
given in the literatures [9, 10].

3.2 The annual committed effective dose (CED)

Dietary intake of ?°Po plays a major role in the
building up of an internal dose to man. The results are
showed in Table 2.

Table 2. Annual effective dose range (uSv.y ™) of
2%g from intake of seafood. In parenthesis is the
number of samples analyzed.

Type CED (uSv.y ™)
Crab (3) 9.850 — 13.274
Shrimp (5) 17.468 — 18.951

Dermersal fish (20)
Pelagic fish (20)

79.090 —102.590
24.634 —72.992

Octopus (5) 6.371—11.348
Squid (30) 3.436 —13.382
Squid (cleaned) (5) 1517 — 2.149

It should be noted that the consumption rate in kg
per capita of different seafood species reflect the CED
in the descending order: fish > shrimp >crab > octopus
and squid (Figure 3).

Figure 3. Annual effective dose range (uSv.y 7) of
2% from intake of seafood

It is known that ?°Po presents in significant
quantities in the marine environment and it contributes
a significant portion of the total dose due to the
naturally occurring radionuclides in seafood [11].
2% ingested in the diet and thus especially with
seafood, accounts for a radiation dose higher than in
humans consuming no seafood. ICRP [12] has
reported a maximum dose of 1000 uSv.y * from
practices in addition to natural radioactivity to public
on average of 2400 pSv.y " [4]. Therefore, human
exposure due to intake of seafoods and their product is
negligible, because *°Po alone contributes to 5% of
the natural radioactivity received on the highest by the
coastal public in this study. In general, CED (uSv.y ™)
of Thai people's due to the consumption of *°Po in
seafood were relatively low in comparison with other
nations such as Bay of Bengal in India (65.8-2668.9),
France (46-125), Italy (50-200),USA (0.4-153.3) and




Kudankulam coast in India (mollusc 32.8-515.6,
crustacean 69.3-266.7 and fishes 11.04-100.1).

4. Conclusions

In the present study, the activities of #°Po were
measured in seafood collected from the Gulf of
Thailand. #°Po activity levels in seafood samples were
varied from 1.434 to 45.908 Bqg.kg™. The highest
activity of “°Po was observed in crustaceans (crab and
shrimp) and fishes followed by mollusc (octopus and
squid). #°Po was found to be accumulated more in
dermersal fishes than pelagic ones. The variation in
accumulation may be due to their habitats and feeding
habits. ?°Po accumulated in marine organisms
probably come from its availability in water and
sediment; thus increase via the trophic levels of food
chain.

The CED for individuals as a result of %°Po intake
varied between 1.517 to 102.590 pSv.y . The CED
values in the descending order were: fish > shrimp.
crab > octopus and squid. However, the calculated
effective dose was lesser than international guideline
was considered to be safe.

This study can be used as a reference and the
values compared when the contamination is occurred.
It is strongly recommended that further and more
complete research is undertaken to study the
bioaccumulation of *°Po in the marine environment of
Thailand and the safety dose uptake level of seafood,
which is a notable source of *°Po in humans.
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Abstract: Salt-form of polyaniline (PANi-salt) was
synthesized via interfacial polymerization and converted
to base-form polyaniline (PANi-base) using ammonium
hydroxide solution. Both forms were studied for
polycyclic aromatic hydrocarbons (PAHSs) adsorption by
coating PANi on filter paper comparatively. In this work,
the selected PAHSs: naphthalene, fluorene, fluoranthene,
phenanthrene, and pyrene were heated to gaseous phase
and the adsorption process was performed in close
container by passive sampling technique. The adsorbed
PAHs were extracted from PANi-salt and PANi-base
coating, with 3.00 mL of cyclohexane and cyclohexane:
dichloromethane (90:10 v/v), respectively. Analysis
of PAHs were studied by HPLC coupled with UV
detector. The separation was performed on Hypersil
Green PAH column, using acetonitrile and water mixture
as mobile phase at a flow rate of 1.0 mL min™ The
elution were initially operated at fixed ratio of
acetonitrile: water

(85:15 v/v) for 8 min, then the percentage volume of
acetonitrile was increased to 100% within 7 min. Under
this condition, the detection limits for the selected PAHs
were in the range of 5.0-20.0 ppb. The experimental
results can be concluded that filter paper without PANi
coating was the best sorbent for naphthalene, fluorene
was highly adsorbed by all passive samplers, pyrene and
phenanthrene were significantly adsorbed on PANi
samplers, while PANi-salt was a good sorbent for
fluoranthrene. In addition, the adsorption process for all
selected PAHs approached equilibrium after 20 hours.

1. Introduction

Polycyclic aromatic  hydrocarbons(PAHs) are
environmental pollutions formed from incomplete
burning of coal, oil and gas, garbage and other organic
substances at high temperature. These compounds are
found throughout environment in air, water and soil.
They receive a great research interest due to their toxic
and carcinogenic effects. The European Union
requirement about ambient air quality assessment and
monitoring recommended a value of 1 ng m™ as a limit
value in ambient air for benzo(a)pyrene and 0.1 ng m™
as a target value. The French National Health Council
proposed 0.7 ng m™ as a limit value and 0.1 ng m~as a
target value [1]. Benzo(a)pyrene is considered as
marker of all PAHs due to its carcinogenic effect,
though it is essentially found in particulate matter. The
PAHs containing less than five aromatic rings
(naphthalene, phenanthrene, anthracene, fluoranthene
and pyrene) are volatile and semi-volatile compounds
particularly abundant in gaseous phase and they are
known to be less carcinogenic.

Analysis of PAHs in environmental samples has
become an important topic in analytical chemistry and
the sample collection is the first important step prior to
sample preparation and analysis. Passive air samplers
are relatively inexpensive and simple monitoring
technique for volatile and semi-volatile PAHs in air.
Various kinds of material were reported as samplers or
sorbents for PAHs. Semipermeable membrane devices
(SPMDs) involving a low-density polyethylene
(LDPE) membrane enclosing triolein [2], pinus bark
[3], LDPE or ethylene vinyl acetate(EVA) film coated
on aluminum foil [4] and XAD resins [5], have been
employed as passive air samplers. Fiber coated
polyaniline(PANi) was employed for solid phase
microextraction(SPME) of some PAHs from water
samples [6].

Polyaniline is a well-known conducting electro-
active polymer and can be easily synthesized either
electro- chemically or chemically from acidic aqueous
solutions [7]. The redox states of PANi are shown in
Figure 1.
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Figure 1. The redox states of PANI [7].

In this work, passive air samplers based on the
application of PANi-base(pernigraniline base) and
PANi-salt(emeraldine salt) as sorbent for selected
PAHSs: naphthalene(naph), fluorene(flu), phenanthrene
(phen), fluoranthene(fluor) and pyrene(pyr) were
studied. The scope of this work included the synthesis
of PANI by interfacial polymerization; preparation of
PANiI passive sampler; experimental studies on the
adsorption of the selected PAHSs; the optimum
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conditions for extraction of PAHs and analysis by
HPLC-UV detection.

2. Materials and Methods

2.1 Chemicals and instrument

Naphthalene, fluorene, phenanthrene, fluoranthene,
and pyrene were obtained from Supelco, USA (> 99.8
% assay). The stock solution of these compounds was
prepared in methanol (HPLC grade, Berdick&Jackson)
at concentration of 250.00 mgL™. The working
solutions were prepared by appropriate dilution of the
stock solutions to the required concentration. Aniline
(99.0% assays, Panreac Quimica, Spain) was used
without purification and other chemicals were
analytical reagent grade. All solvents used in this study
were analytical reagent grade or HPLC grade.

The HPLC analyses were performed on Varian 300
HPLC system with pump model Prostar 230(USA) and
20.0 pL sample loop, equipped with UV detector.
Reverse phase analyses were carried out using
Hypersil Green PAH column (250x4.6 mm i.d., d, -5
um). The mobile phase at flow rate of 1.0 mL min™
was programmed for separation as follows: initial ratio
of acetonitrile to water (85:15 %v/v) was held for 8
min and then changed to 100 %v/v acetonitrile in
7 min. The signals of selected PAHs were detected by
UV detector at 254 nm.

2.2 Synthesis and purification of polyaniline [7]

Two solutions were separately prepared as follows:
the organic solution contained 3.2 mmol of
aniline[CgHsNH, ] in 10.0 mL chloroform; and the
aqueous solution contained 0.8 mmol of ammonium
persulfate[( NH,;),S;0g], in 10.0 mL of 1.0 M nitric
acid. Poured the organic solution carefully into a 20
mL glass vial followed by the aqueous solution and
capped the vial. The green PANi occurred at the
interface of the two solutions and progressed into the
upper aqueous layer. Complete polymerization was
observed from the red color of the organic phase. The
solution containing PANi(dark green) was drawn into
5.0 M nitric acid to stop the reaction. Transferred the
PANI solution into a dialysis tube and immersed in a
large volume of deionized water with stirring and the
washing step was repeated until deionized water was
colorless. Then the PANI solution was filtered, washed
the solid with deionized water and acetone, vacuum
dried at 25°C and the dark green solid of PANi-salt
(emeraldine salt) was obtained. By dissolving PANi-
salt in 1.0 M ammonium hydroxide, the PANi-base
(purple color) was formed.

2.3 Preparation of PANi membrane

PANi-base solution was prepared by dissolving
0.10 g of PANI -salt in 50.0 mL of 1.0 M NH4,OH,
sonicated for 20-30 min, then the blue-purple solution
was obtained. PANi-base was coated on filter paper
(2.5cm) by dip-coating in the planar direction one
time. Dried the filter paper for 2 hours under vacuum
at 25°C and weighed before used. The same procedure

was applied to the PANi-salt solution that prepared by
0.10g of PANi-salt in 50.0 mL of deionized water.

2.4 Study of the appropriate solvent for extraction

Mixed standard solution (100.0 mgL™) of
selected PAHs was prepared by appropriate dilution of
the stock solution. Spotted 50.0 pL of the mixed
standard onto PANi coated filter papers (both forms)
and air dried for 5 min. The sampler was sonicated in
3.0 mL of solvent (cyclohexane: dichloromethane
range from 70:30 to 100:0 % v/v) for 20 min, and
removed the membrane. Blank (PANi membrane
without PAHSs) was extracted simultaneously by each
solvent for base line correction. The extract was
purged by nitrogen to remove all solvents, then
redissolved the extract with 1.00 mL of acetonitrile.
The final solution was filtered with 0.45 um nylon
filter and analyzed by HPLC-UV to observe the signal
and pattern of chromatogram.

2.5 Calibration curves of PAHs

A series of mixed standard solution were applied
on PANi samplers followed by the extraction of PAHs
with an appropriate solvent(from 2.4). The final
concentrations of the selected PAHs in 1.00 mL of
acetonitrile were in range of 10-500 ppb.

2.6 Adsorption study of naphthalene, fluorene, pyrene,
phenanthrene, fluoranthene and by PANi membrane

The adsorption experiments were performed in a
sealed 16 L dessiccator as shown in Figure 2. The
PANi membrane was placed at the back part of the
passive holder. Each adsorption batch used 4 PANi
samplers (2 PANi-base and 2 PANi-salt) and 2 plain
filter papers. Six passive holders were mounted in the
perpendicular position. Two hundred microliters of
0.20 mgL™" mixed standard solution inside dessiccator
was heated to produce gaseous PAHSs. The adsorption
time in this work varied from 8,14,20,26 and 32 hours.
Extraction of PAHs from PANi membranes and plain
filter papers were carried out for each adsorption time
and analyzed by HPLC. The experiments were
repeated for setting the passive sampler in the
horizontal position.
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Figure 2. Components for adsorption experiment of
PAHSs. (a) passive holder, (b) PANI - salt membrane

(c) PANi-base membrane (d) horizontal position
(e) perpendicular position




3. Results and Discussion

3.1 IR spectrum of polyaniline

Interfacial polymerization of PANi according to
the described procedure resulted in an emeraldine salt
form (PANi-salt) with average yield of 14.1%. IR
spectra of PANi-base and PANi-salt were almost
identical (wave number shift in the range of 3-10 cm™)
as shown Figure 3. Table 1 showed the interpretation
data corresponded to the functional groups of PANi.
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Figure 3. IR spectrum of PANi-base.
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Table 1. Interpretation of IR spectrum

Wave number Mode of Functional group
(cm™) vibration
829.84 C-H bending aromatic ring
1145.30 C-H bending aromatic ring
1302.68 C-N sym. —C-N=, -C-NH-

stretching

1495.14 C=C stretching Benzenoid ring
1588.01 C=C stretching Quinoid ring

mV

papers (Figure 2b, 2c) were 0.52 + 0.15 mg. The
membranes were stable to all solvents and conditions
used in this work (room temperature to 50°C).
Observation on chromatograms in term of peak shape,
peak area of PAHSs and low base line signal, it was
found that mixed cyclohexane and dichloromethane
(90:10 %v/v) was the appropriate solvent for PAHs
extraction from PANi-base, while cyclohexane(100 %)
was the best solvent to extract PAHs from PANi-salt.
In addition, no peaks were found from blank extract.
Figure 4 showed chromatogram of selected PAHs
from the extract at optimum condition of separation.
The analytical data obtained from calibration graphs
and detection limits of selected PAHs were concluded
in Table 2.
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Figure 4. Chromatogram of mixed standard PAHs
(500 ppb) extracted from PANi-base membrane.
(1) naph, (2) flu, (3) phe, (4) fluor, (5) pyr

3.3 Adsorption study of PAHs by PANi sampler
Adsorption profiles for naphthalene, phenanthrene,
fluorene, fluoranthene and pyrene on PANi-base,
PANi-salt sampler and on plain filter paper were
shown in Figure 5, where the adsorption of all
selected PAHs by passive samplers  approached

Table 2. Retention time, detection limits and analytical data from calibration graphs

Retention Detection . . . .
time Limits Adsorption by PANi-base Adsorption by PANi-salt
PAHs (min) (ppb)
Calibration R2 Calibration R?
equations equations
Naphthalene 4.39 5 Y =8.9703x+481.53 0.9974 Y =7.6955x+618.56 0.9998
5.20 5 Y=14.372x+180.36 0.9974 Y=16.384x+170.85 0.9943
Fluorene ‘
Phenanthrene 5.87 5 Y=110.16x+1070.1 0.9997 Y=96.314x +18.937 0.9993
Fluoranthene 7.49 10 Y= 28.662x-192.87 0.9985 Y=19.946x+22.962 0.9971
Pyrene 8.66 20 Y=24.77x-116.85 0.9978 Y=14.065x+319.12 0.9965

3.2 Extraction solvents and separation
The average weight of PANi-base (pernigraniline
base) and PANi-salt (emeraldine salt) coated on filter

equilibrium after 20 hours. From the adsorption
profiles at equilibrium, it was found that naphthalene
was highly adsorbed by cellulose filter paper but
insignicant adsorption was found on PANi samplers.




This may due to the gaseous naphthalene adsorbed and
dispersed as a layer on high surface energy of cellulose
filter paper, followed by the deposition of new coming
naphthalene molecules onto the layer [8]. This
mechanism is preferable for naphthalene which is a
sublimable compound but not observed on the PANi
coated sampler which has low surface energy.
Fluorene was almost equally adsorbed by all passive
samplers(filter paper and PANi-coated filter paper)
with the highest concentration retained. Phenanthrene
and pyrene were significantly adsorbed on PANi —base
and PANi-salt rather than filter paper, while
fluoranthene was adsorbed on PANi-salt more than the
PANi-base and filter paper. Their adsorptions on PANi
surface may invovled n-r interactions and planarity of
PAHs molecules. In addition, the effect of passive
sampler mounting positions showed no significant
differences in PAHs adsorption at equilibrium as
shown in Figure 6.

(@)

(b)

Figure 5. Adsorption profiles of selected PAHs on
(a) filter paper (b) PANi-base passive samplers setting
in the perpendicular position.

4. Conclusions

According to the experimental results, we could
come to the interesting conclusion that PANi-base,
PANi-salt and plain filter paper can be used as
sorbents for fluorene with relative high adsorption
efficiency, comparing to the other selected PAHSs.
Naphthalene was highly adsorbed on filter paper
without PANiI coating. Although the adsorption of
phenanthrene, fluoranthene and pyrene by PANi was
observed, but the concentration retained was much

lower than that of fluorene. Adsorption process by
passive sampling of all selected PAHs approached
equilibrium after 20 hours. However, the effect of
position of passive sampler setting (perpendicular and
horizontal position) showed insignificant differences
in adsorption of PAHs after equilibration time. All
experimental results from this work can be used for
further study on application of passive sampling of
PAHSs in ambient air, since the preparation of PANI
sampler is simple, inexpensive and less time
consuming, and the standard calibration is required.
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Figure 6. Comparison of the setting positions of PANi-
base passive sampler for PAHs adsorption in (a) the
perpendicular position and (b) horizontal position.
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Abstract: Bioaccumulation of zinc on Scleractinian
Corals Acropora formosa under laboratory controlled
conditions was investigated. Zn-65 was used as a
radiotracer. The experiment revealed the
bioaccumulation of Zn-65 by A. formosa whole body and
soft tissue followed a simple linear model. The maximum
concentration factor (CF,) at the end of the exposure
period (96 hr) was 400 and 47700 for whole coral and soft
tissue, respectively. The non linear regression fitting
using the statistical package software revealed the uptake
rate of 3.90 CF.hr? or 3.28 Bg.gh.hr! with R = 0.93
corresponding to 0.0109 pg.g”whole coral.hr?. In soft
tissue, the uptake rate was 449.19 CF.hr™or 377.38 Bq.g"
! hr! with R?=0.85 corresponding to 12.56 pg.g™ protein.
Loss kinetics of Zn-65 from whole corals and soft tissues
followed a two-component exponential model. Using the
non-linear regression fitting; short lived components
represented a proportion of the total activity 46 and
20%; with the computed half lives (Thy,) 1.02 and 1.13
hr, for whole coral and soft tissue, respectively. Long-
lived components represented a proportion of the total
activity 54 and 80; with the computed half lived (Tby)
198.6 and 58.4 hr, respectively. The experiment revealed
A. formosa efficiently accumulated Zn-65 in both whole
corals and soft tissue and remained in its body with
relatively long half-lived.

1. Introduction

Of the micronutrients, some trace metals including
Fe, Mn, Zn, Co, Cu, Ni and Mo are essential for the
growth and metabolism of all marine organisms.
Among these trace elements, Zn is the most important
one since it is a cofactor of nearly 300 enzymes [1,2].
In microalgae, carbonic anhydrate, zinc-based
metalloenzyme, is involved in the inorganic carbon
acquisition from seawater [3, 4]. The activity of this
enzyme has been shown to be dependent on the level
of CO, and on the availability of Zn, thus conferring
on Zn a key role in oceanic carbon cycling.

Reef building corals are autotrophic organisms
living in symbiosis with dinoflagellate called
zooxanthellae. Zn enrichment in the marine
environment stimulated the photosynthetic capacity of
the corals [5]. However, the concentrations of
dissolved Zn in seawater are often very low (27
nmol.L™).Therefore, the rate of photosynthesis, the
transformation and uptake of major nutrients such as
carbon of corals might be controlled by the low
availability of Zn in parts of the ocean.

While Zn is an important at trace concentrations,
it can also be very toxic when in excess, forming

dangerous free radicals [6]. Marine organisms have an
opportunity to be exposed to high metal concentrations
as a result of human activities or natural disasters like
Tsunami. Despite these dual relationships, few studies
have investigated the rate of trace metal uptake as well
as the transfer between tissue and skeleton[7,8]. There
is also no clear correlation between metal exposure
and metal accumulation [9]. In this study the
bioaccumulation in situ of Zn on Scleractinian corals
Acropora formosa was investigated, for this purpose,
the radioactive Zn-65 was used as a radiotracer.

2. Materials and Methods

Acropora formosa colony nubbins were collected
from a depth of 5 m around Phuket Island. Samples of
5+1 cm from branch tips and 1 cm wide (~ 4.7+1.1 g)
were sectioned to represent growth by cutting terminal
portions of branches of parent colonies using bone-
cutting pliers[10]. One hundred and forty nubbins were
prepared. Coral nubbins were maintained in open-flow
aquaria. After approximately 1 month of healing,
tissue will cover the break area and the skeleton and
coral fragment will be ready for bioaccumulation
experiment.

To assess the rate of Zn uptake by coral at in situ
concentration, two aquaria containing 30L of aerated
seawater were prepared. Seawater in each aquarium
was then spiked with micro-litre quantities of the
radiotracer Zn-65 (negligible concentration change) to
reach the appropriate activity of ~1 Bq.ml™. Thirty
coral nubbins were then randomly chosen and
incubated in each tank which contained seawater under
controlled conditions: 29-30 °C temp, 32-34 ppm
salinity, 7500-10000 Lux constant luminance, 12:12 h
photo period.

The experimental medium was changed every day
to maintain Zn-65 activity at a constant level and to
avoid depletion of the medium in total Zn due to
accumulation by coral. The spiked seawater in each
tank was sampling and counted for Zn-65 activity after
each seawater change. Accumulation of Zn-65 by
corals was followed after 0, 2, 4, 8, 24, 48, 72 and 96
hr by randomly taken three nubbins from each tank,
the samples were then processed following the sample
processing procedure described below before counting
for gamma ray measurement.




To assess the rate of depuration, two aquaria were
prepared under the same condition as described above.
However, the coral nubbins were incubated in the
aquaria for 96 hr without sampling. At the end of the
incubation period, the labeled seawater was discharged
and the aquaria were flowed through with the
unlabeled seawater. The depuration rates were then
followed by randomly taken three nubbins from each
tank after 0, 2, 4, 8, 24, 48, 72 and 96 hr. The samples
were then processed following the sample processing
procedure.

Zn-65 gamma activity was measured in the whole
colony and tissue after the separation of the two
fractions as described below. Zn-65 specific activities
measured in whole coral were normalized by weight of
each corals while as in soft tissue were normalized by
weight of protein in soft tissue extract.

Sample processing

After each sampling time, nubbins were sampled
and incubated for 30 min in 50 ml of unlabeled
seawater to rinse the coelenteric cavity [10]. Nubbins
were then blotted dry on absorbent paper to eliminate
any adhering radioactive medium, transferred to
counting vials, and counted for gamma emissions for
10 min.

The tissue extraction was done in laminar flow
fume cabinet. To a 60 ml test tube, counted coral
sample was placed and 25 ml 30% H,O, solution was
added. Sample was agitated overnight in ultrasonic
bath. H,O, was discarded and sample rinsed with 25
ml Milli-Q water and agitated for 10 min in ultrasonic
bath. The rinse is discarded and combined with
previously discarded H,0,. Zn-65 activity was
determined in the tissue portion.  Protein
concentrations were measured in microplate reader
(Tecan : Mannedorf, Switzerland) ,using the Bio-Rad
Protein assay Kit (Bio-Rad, CA, USA) with bovine
serum albumin as the standard. The stable Zn
concentration in natural seawater was measured using
ICP-MS.

Zn-65 activity was measured via the gamma
emission 1115.55 keV using high resolution gamma-
spectrometry connected to n-and p- type HpGe
detector with relative efficiency of 60% and 40% at
1332 keV, respectively. The detectors were connected
to multichannel analyzer and spectral analysis
software. The Zn-65 activity was corrected for
background and radioactive decay of the radiotracer.
Counting efficiency was determined by comparison
with standard Zn-65 (IPL-1265-60) of appropriate
geometry. Counting time of 10 min was adjusted to
give a relative propagated error of <5% at the 1 SD
level.

3. Results and Discussion

Experimental conditions

The experimental conditions are summarized in
Table 1. Seawater temperature was controlled using a
water chiller (Hailer HC 300A). Temperature and light

intensity was controlled using HOBO pendant
temperature and light. The experimental seawater was
sampling and Zn-65 was measured every day. The
elemental Zn concentration in natural seawater was
measured using ICP-MS and revealed the elemental
Zn concentration of < 0.0080 ug/L of seawater.

Table 1 Experimental conditions used for the study
bioaccumulation of dissolved Zn-65 in A. Formosa.

Parameter In situ test
Radiotracer Zn-65 activity (Bg.ml™) 0.8+£0.07
pH 7+1
Salinity 301
Temperature 29 +0.36°C
Light intensity (Lux) 7500 + 2500
Exposed duration(12hr:12 hr; dark: light 96 hr

period)

Uptake Kinetics

Bioaccumulation of radiotracer in marine
organisms was described using kinetics model [11,12].
This model are mainly based on concentration factor
(CF), which was the ratio of specific activity in the
animal (Bg.g™) and the specific activity in seawater
(Bg.ml™).

Accumulation Kinetic of Zn-65 in A. formosa
whole body followed a simple linear model and can be

displayed as in Figure 1:
CF =kt

Where CF, was CF of radiotracer at time t; k was
the uptake rate constant (hr?).

Accumulation of Zn-65 on A. formosa whole
body displayed a maximum concentration factor (CF,)
of 400 at the end of the exposure period (96 hr). The
non linear regression fitting (Figure 1a) using the
statistical package software [13] revealed the uptake
rate of 3.90 CF.hr or 3.28 Bq.g-*. hr by coral whole
body with R?= 0.93 corresponding to 0.01 pg Zn.g™
whole coral. hr. In soft tissue, accumulation of Zn-65
followed the same simple linear model with a
maximum concentration factor (CF,,) of 47700 at the
end of the exposure period (96 hr). The non linear
regression fitting (Figure 1b) revealed the uptake rate
of 449.19 CF.hr* or 377.38 Bq.g™'protein.hr™ with
R?=0.85 corresponding to 12.56 pg.g™ protein.
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Figurel. Uptake kinetics [CF; mean+SD, n=6] of Zn-65 on A. formosa whole body (Figure 1a) and tissue extract
(Figure 1b) exposed to radiotracer in seawater. The parameters of the equation fitting the data were given in Table 2

below.

Table 2 Parameters of the equations describing the whole-body uptake kinetics of Zn-65 on A. formosa whole body

and tissue extract.

Organ Model CF, K(SE) R? p-value
Whole body L 405.45 3.903 (0.171) 0.92695 <0.0005
Tissue extract L 47633.151 449,192 ( 13.168) 0.854 <0.0005

L= Linear uptake model, CF=kt; CF: concentration factors at time t (hr); K= rate constant (hr); SE= standard

error; R2= determination coefficient; p= probability of the model adjustment

Loss kinetics

Loss of radiotracer was expressed in terms of
the percentage of the remaining activity plotted against

time.

_ A ast At
Ac=Age ™ + Age

Where A, A, = remaining radioactivity (%) at time t
and 0, A = biological depuration rate constant (hr?) , s
and | = subscripts for short and long-lived component

The results were described by either a single-
compartment exponential model:

, respectively.

Loss kinetics of Zn-65 from whole body and soft

tissue corals followed over a 96-hr period were
described by a two-component exponential model and
can be displayed as in Fig 2 below.

A= Age™

Or by a 2- compartment exponential model:
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Figure 2. Loss kinetics [% remaining; mean £ SD, n= 6] in whole body (Figure 2a) and soft tissue (Figure 2b) of
A. formosa exposed to the radiotracer for 96 hr in seawater. The parameters of the equation fitting the data are given
in Table 3.




Table 3 Parameters of the equation describing the whole-body and soft tissue loss kinetics of Zn-65 in A. formosa

previously exposed to radioisotope for 96 h

Organ Model Aos,%(SE) As(SE) Th 1/26n

Ao, %(SE) Al(SE) Thuom | R p

Whole-coral T 46.137(7.58) | 0.68(0.34) | 1.017

<0.05 | 53.63(5.14) | 0.0035(0.0019) | 198.61 | 0.821 | <0.05

Soft tissue T 19.28(9.54) | 0.61(0.80) | 1.132

<0.05 | 80.60(7.30)

0.012(0.026) 58.39 | 0.821 | <0.05

T= Two component loss model; A = short-lived component; Ay = long-lived component; SE= standard error;
p= probability and determination coefficient of the model adjustment

Using the non-linear regression fitting; short-lived
components represented a proportion of the total
activity of 46.14 % with a computed half lives (Tb 1)
of 1.02 hr. Long-lived components represented a
proportion of 53.63% with a computed half lives
(Tb 1/2|) of 198.61 hr.

For soft tissue , loss Kinetics was also followed a
two-component exponential model (Figure 2b), short-
lived components represented 19.28 % of a portion of
the total activity of with a computed half lives (Tb 155 )
of 1.13 hr. Long-lived components represented
80.60% of a portion of the total activity with a
computed half lives (Th 1) of 58.4 hr.

Concentration of dissolved inorganic zinc
measured in natural seawater was <0.0080 pg/L of
seawater in consistent with those previously found in
oceanic waters, ranging from ca. 0.1 to 100 nM (.0065
to 6.541 pg/L) in surface and deep waters, respectively
[14,15].

The uptake kinetics of Zn-65 from seawater by
A. formosa identified a linear rate of increase of zinc
with an incubation time of 96 hr in consistent with
those on Stylophora pistillata whole colony over an
incubation time of 72 hr [5]. The concentration factor
of 3.90 for whole coral and 449.19 in soft tissue
indicate A. formosa accumulate Zn-65 in their soft
tissue higher than those in their skeleton. After 96 hr
of depuration in clean seawater, 46.14 + 7.58 % of the
total Zn-65 activity of the whole coral was rapidly
released. This fraction represented the short-lived loss
component characterized by a biological half-life of
1.02 hr. The long-lived component representing the
major proportion of Zn-65 accumulated at the end of
the exposure period, (i.e. 53.631£5.14%), displayed a
depuration rate constant of approximately 198.61 hr.
In soft tissue, 19.28+9.54% of the total Zn-65 activity
was eliminated in a few hours with a biological half-
life of 1.13 hr while 80.60 +7.30% of the total Zn-65
activity was retained however this amount of Zn was
depurated out with a biological half life of 58.39 hr,
faster than those from the whole coral. Zn-65
distribution among body compartments at the end of
the exposure period indicated that most of the Zn-65
activity was found in tissue (112 times of those in
skeleton).

Ferrier-Pages et al [5] found that in a few

hours about 30% of the total zinc was eliminated from
S. pistillata whole colony and suggested that short
lived component of Zn was probably those weakly
adsorbed to the coral’s mucus as it was known to bind
metal [16]. The remaining component was therefore
metabolized (involving in metabolic process).

Hanna and Muir [9] investigated the
bioaccumulation of trace metals on three coral species,
Porites lutea, Goniastrea retiformis and Pocillopora
verrucosa. The result demonstrated corals had great
affinity to accumulate trace metals from the
surrounding environment. The metal concentrations
were all significantly higher for those corals from
polluted areas compared to the unpolluted areas. Pb
and Cd were found to be in higher concentrations in
skeletal material than in soft tissue. However, soft
tissue and detritus of corals were found to have higher
concentrations of Zn, Ni, Cu, Mg, and Fe than the
skeleton. Zn concentration in soft tissue was even
found to be about 150 times of those in the skeleton.
Several authors [17,18] have reported similar findings
and attributed it to the metabolic, feeding and filtration
rate.

Esslemont [19] investigated the potential of
Goniastrea aspera, Porites danicornis, and Acropora
formosa on accumulation of trace metals, Cd, Pb, Cu,
Ni, Cr, and Zn. All three corals species showed
affinities to accumulate trace metals both in their soft
tissue and skeleton, especially, soft tissue can
accumulate trace metals higher than skeleton. Metal
concentrations in skeleton were found to be correlated
to trace metal concentration in the environment;
however, this correlation was not found in soft tissue.

Toxicant uptake and depuration experiments using
radiotracer proxies of stable metals (e.g. radioactive
Zn-65) offer a unique approach for investigating and
understanding the behavior and fate of toxic
substances in coastal systems. The resultant transfer
factors also referred to as bioaccumulation or
concentration factors; indicate the most likely toxicant
concentration in organisms relative to its degree of
exposure (i.e. time and/or concentration). These
studies can be used to better understand the impact of
acute exposures to toxicants (as in industrial discharge
or natural disaster like tsunami event) by the rate of
uptake and loss for predictive modeling




Conclusion

Bioaccumulation of zinc on Scleractinian Corals
Acropora formosa was investigated using Zn-65 as a
radiotracer. The experimental condition was controlled
as follows: 29-30°C temp, 32-34 ppm salinity, 7500-
10000 Lux constant luminances, 12:12 h photo period.
Accumulation of Zn-65 by corals was followed after
0,2,4,8,24,48,72, and 96 hr. The uptake Kinetic
followed a simple linear model with the maximum
concentration factor (CF,) after an exposure time of
96 hr were 400 and 47700, for whole coral and soft
tissue, respectively. The non linear regression fitting
revealed the uptake rate of 3.90 CF.hr' or 3.28
Bg.gn.hr® by coral whole body with R?*=0.93
corresponding to 0.01 pg Zn.g™ whole coral.hr* and
449.19 CF.hr' or 377.38 Bg.g™.hr' with R*=0.85
corresponding to 12.56 pg.g™ protein in soft tissue,
respectively. Loss kinetics followed a two-component
exponential model with the short lived components
represented a proportion of the total activity 46 and
20%; with the computed half lives (Thy,s) 1.02 and
1.13 hr, for whole coral and soft tissue, respectively.
Long-lived components represented a proportion of the
total activity 54 and 80%; with the computed half lived
(Thyp) 198.6 and 58.4 hr, respectively. A. formosa
efficiently accumulated Zn-65 in both whole corals
and soft tissue and it remained in its body with
relatively long half-lived.
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Abstract: In this study, the bagasse, wastes from the
sugar industry, was used as a biosorbent for an
adsorption of dyes such as methylene blue (MB) and
direct Blue 2B (DB). Effects of contact time and initial
dye concentration were investigated in batch
experiments. The adsorption equilibrium of bagasse was
reached at 29 hours and 9 hours for MB and DB
respectively. It was seen that the removal of dyes
increased with the increasing of initial dye concentration.
The amount of dye adsorbed of bagasse increased from
0.30 to 3.66 mg/g for MB and 0.49 to 3.63 mg/g for DB
when the initial dye concentration was raised from 10 to
80 mg/L.

Moreover, the bagasse pretreated with 0-3 mol/L
alkali (NaOH and KOH) prior to adsorption was used
for dye removal. The pretreated bagasse showed greater
amount of dye adsorbed than that of unpretreated
bagasse at any concentration. At the initial dye
concentration of 20 mg/L, the amount of dye adsorbed of
unpretreated bagasse was only 0.74 and 0.81 mg/g for
MB and DB respectively. However, the amount of dye
adsorbed of bagasse pretreatment with 2 mol/L NaOH
was increased to 1.87 and 1.99 mg/g for MB and DB
respectively. It might be indicated that the chemical
pretreatment would be the method for improving the
adsorption of both dyes (direct dye and cationic dye) on
to the biosorbent.

1. Introduction

Industrial wastewater has become a major and
serious problem in recent years. Many industries such
as paper, plastics, leather, textile, and paint industries
use dyes to color their products. It is found that 10—
15% of the dye is lost in the effluent during the dyeing
process [1,2]. The presence of dyes in effluents is a
major concern for both toxicological and esthetical
reasons. The adsorption is effective method for the
removal of dyes from wastewaters due to its low cost,
simplicity of design, ease of operation and insensitivity
to toxic pollutants [3].Various agricultural by-
products, which are cheap, renewable, easily available
such as rice straw, orange peel, banana pith and corn
cob, were used as sorbent in order to remove dyes
from aqueous solutions[4-5]. In Thailand especially in
Kanchanaburi province has many sugar factories.
Thousands of tons of bagasse are discarded daily by
these factories, leading to a big environmental
problem. One alternative solution for bagasse
exploitation might be used as adsorbent for dye
removal.

In this present work, the sugarcane bagasse, wastes
from sugar industry, was used as adsorbent for dye
removal. The amount of dye adsorbed of bagasse for
methelene blue and direct blue 2B removal were
investigated. In addition, the enhancing of dye removal
by sugarcane bagasse pretreated with KOH and NaOH
was reported.

2. Materials and Methods

2.1Adsorbent preparation

Unpretreated bagasse

The bagasse used as biosorbent in this experiment
was obtained from Thai sugar industry Co.,Ltd in
Kanchanaburi province, Thailand. The bagasse was
firstly washed with tap water and followed by hot
water several times in order to remove retained sugar
in bagasse. Then, the bagasse was washed with
distillation water and naturally dried under sunlight
for three days. After that, it was dried in an oven at 80
°C for 24 hours. The dried bagasse was crushed in a
blender and sieved to obtain a particle size between
0.2-0.5 mm.

Pretreated bagasse

The bagasse was immersed in aqueous alkali
solution (KOH, NaOH) in the concentration range of
0-3 mol/L for 2 hours. Then, the bagasse was removed
from alkali solution and washed several time with tap
water. The bagasse was then neutralized by immersion
in 1 mol/L acetate buffer (pH 5.5) for 2 hours. After
that, the bagasse was washed again with distillation
water until the pH of solution was closed to 7. The
bagasse was dried und sunlight for three days. Then, it
was further dried in an oven at 80 °C for 24 hours. The
dried bagasse was crushed in a blender and sieved to
obtain a particle size between 0.2-0.5 mm.

2.2Adsorbate preparation

Methylene blue(MB) supplied by RFCL limited
and direct dye 2B (DB) supplied by Dalian Richon
Chem Co.,Ltd. were used as adsorbate. A stock
solution of dye (1000 mg/L) was prepared by
dissolving a required amount of dye powder in
deionized water. In the experiment, the stock solution
was diluted with deionized water to obtain the desired
concentration ranging from 20 to 80 mg/L.

2.3 Batch sorption studies
Batch sorption experiments were performed by
adding an 1 gram of adsorbent into a 250 mL




erlenmeyer flask containing 50 mL of dye solution and
then, shaking in orbital shaker at 100 rpm. The
adsorbent was separated from solution by filtration and
centrifugation prior to analysis in order to minimize
the interference of the fine adsorbent particles.

The dye concentrations in solution were
determined by absorbance measurement using UV Vis
spectrophotometer at 664 nm for MB and 615 nm for
DB . Dye concentration was then calculated using the
standard calibration curves of MB and DB. The
amount of dye, q (mg of dye /g of sorbent) was
calculated using the following equation:

C,-C
g=—""-"-V

Where Cyand C represent the concentration of dye
(mg/L) in the solution at time, t = 0 and at any time, t.
V is the volume of solution (L) and M is the amount of
adsorbent used (g).

3. Results and Discussion
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Figure 1. Effect of contact time and initial dye
concentration on amount of dyed adsorbed
(a) methylene blue (b) direct blue 2 B

The effect of contact time and initial dye
concentration on the amount of dyed adsorbed was
investigated using both methylene blue (fig 1a) and
direct blue 2B (fig 1b) at various initial dye
concentrations (10-80 mg/L). It was observed that the
amount of dye adsorbed (q) increases with an increase
in initial dye concentration. Moreover, the amount of
dye adsorbed gradually increased at the beginning of

0.5 1

contact time and then remained constant with the
increasing contact time. The equilibrium time for
methylene blue and direct blue 2B at any dye
concentration were 29 and 9 hours respectively. The
data showed that the equilibrium adsorption increases
from 0.30 to 3.66 for MB and from 0.49 to 3.63
for DB with the initial dye concentration increased
from10 to 80 mg/L. This may be due to the fact that
,by increasing the concentration of dye in solution, the
driving force for mass transfer increases and the
number of collisions between dye ions and the
adsorbent also increase[6], thus enhancing the amount
of dye adsorption

Effect of alkali pretreatment
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Figure 2. Effect of alkali pretreatment on amount of
dyed adsorbed
(a) NaOH pretreatment(b) KOH pretreatment

In this part, the effect of alkali type and alkali
concentration on amount of dyed adsorbed at
equilibrium (g.) were studied. This study was done by
the pretreatment of the bagasse with alkali prior to
perform an adsorption experiment. For the treatment,
the concentration of alkali solution was varied from 0
to 3 mol/L. A fixed initial dye concentration of 20
mg/L was used for adsorption experiment. The result
of this experiment are shown in fig 2. The amount
of dye adsorbed , for all dyes and for both NaOH and




KOH pretreatment, initially increased up to 2 mol/l,
and then remained constant with the increasing alkali
concentration. The maximum amount of dye adsorbed
of bagasse was obtained at 2 mol/L in both NaOH
and KOH pretreatment. The amount of dye adsorbed
of untreated bagasse was only 0.74 and 0.81 mg/g.
However, the amount of dye adsorbed  increase to
1.87 and 1.99 mg/g for MB and DB respectively when
pretreatment with 2 mol/L NaOH and increase to
1.82 and 1.97 for MB and DB respectively when
pretreatment with 2mol/L KOH

It was known that alkali pretreatment is a
method for pretreatment of lignocellulosic biomass.
Alkali causes lignin removal from biomass, leading
to the decreased degree of polymerization and
crystallinity of cellulose in biomass. Thus, the
accessibility of chemical substance to fiber and the
inner surface area were increased [7]. These might be
the reason for enhancing the dye removal of pretreated
bagasse as compared to that of untreated bagasse.
Moreover, there were no significant differences in
amount of dye adsorbed between bagasse pretreated
with KOH or with NaOH at any level of alkali
concentration.

4. Conclusions

The present work shows that the bagasse, wastes
from sugar industry, can be used as an adsorbent for
the removal of basic dye such as methylene blue and
direct dye such as direct blue 2B from its aqueous
solutions. The amount of dye adsorbed was found to
vary with both initial dye concentration and contact
time. The equilibrium time of MB and DB was
reached at 29 hours and 9 hours, respectively. The
maximum amount of dye adsorbed of bagasse,
obtained at an initial dye concentration of 80 mg/L,
was found to be 3.66 mg/g for MB and 3.63 mg/g for
DB. In addition, this work presented that the alkali
pretreatment can be the process for increasing the
amount of dye adsorbed of both basic dye and direct
dye. The amount of dye adsorbed was also influenced
by alkali type and alkali concentration on the
pretreatment step.
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Abstract: Nitrogen dioxide (NO,) is an important
indicator of air pollution. It is considered the most toxic
form of nitrogen oxides. Indoor sources of NO,
combustion appliances and activities such as smoking,
gas heating, cooking, etc. Vegetation has also been shown
to be the most significant sink area for NO,, thereby
improving air quality. This study aims to test the
capability of plants in NO, absorption in the testing
chamber. A selected ornamental plant, namely dumb
cane (Dieffenbachia seguine), was put into the sealed
chamber and left for 8 hours for the short-term
experiment. NO, was produced for the experiment by
dissolving copper powder in nitric acid in a dessicator.
Then, NO, was pumped into the chamber along with
diluted with air until a concentration of approximately 20
ppm was reached. NO, concentration levels were
measured using gas analyzer every 30 minutes over 8
hours. A control for the experiment was set by measuring
the NO, concentration level in the chamber, without
plants during the same period of time. The changing of
NO, concentrations in the chamber was assessed for the
plant absorption. It was found that the dumb cane
absorbed 4-7 ppm of NO, in 8 hours. However, the soil
also showed a significant level of impact from NO,
absorption. It therefore needs to be proven that NO,
absorption mainly occurs through the plant itself, but
also through the soil. If ornamental plants can absorb
NO, from the environment, it could be developed in a
plant-based bio-filtration system in the future.

1. Introduction

Nitrogen dioxide (NO,) is a major air pollutant that
causes the production of photo-oxidants such as ozone by a
photochemical reaction with hydroxyl radical produced from
volatile organic compounds in the atmosphere [1]. The
Organization for Economic Co-operation and Development
(OECD) estimates the input of the anthropogenic emissions
of NO,, which includes nitric oxide (NO) and NO,, at some
50 Tg per year [2]. The main source of NO, occurs from
human activities involved with the combustion of fossil
fuels, such as motor vehicles, while the indoor sources
involve combustion appliances and activities, such as
smoking, gas heating and cooking. The U.S. Environmental
Protection Agency (USEPA) has developed guidelines for
acceptable indoor air quality and recommends that the level
of NO, should not exceed the National Ambient Air Quality
Standards (NAAQS) of 0.05 ppm for 1 year period [3]. The
World Health Organization has a guideline for indoor NO,
levels (1 hour and 1 year), which should not exceed 0.1 ppm
and 0.004 ppm, respectively [4].

The air quality of the indoor air environment has become
a major health consideration in the developed world, since
urban-dwellers generally spend 80-90% of their time indoors
[5]. Tightly sealed buildings are an additional concern for the

health of those who live and work inside. Skolnick (1989)
reported that a population living in tight energy efficient
buildings contracted upper respiratory diseases at rates 46%
to 50% higher than a comparison group who were living in
better-ventilated homes [6]. The effects of air pollution on
human health are considered very complex. After inhalation,
air pollutants affect human health by severely damaging the
lungs and respiratory system [7-9]. The United Nations has
estimated that over 600 million people worldwide in urban
areas are exposed to dangerous from the traffic-generated air
pollutants [10]. From many epidemiological studies, it has
been shown that this type of pollution does cause a variety of
respiratory diseases whether or not it is combined with other
forms of air pollution, such as ozone, sulfur oxide, and
particulate materials less than 2.5 um [11]. Plants are also
affected by NO, exposure, in terms of the reduction of net
photosynthesis, their respiration, stomatal conductance,
enzyme activities, and growth [12]. High concentrations of
NO, can cause acute damage to plant leaves, probably
through the accumulation of nitrites [13, 14]. Chronic
exposure to lower concentrations of NO, usually reduces the
growth of plants [15-17].

Some plant species have a capacity for NO,
phytoremediation that occurs from the atmosphere [18, 19]
and can assimilate its nitrogen into organic nitrogenous
compounds through the primary nitrate assimilation pathway
[19, 20]. The capability of plants to take up and assimilate
NO, depends on the plant species [21] and the NO,
concentration levels in the atmosphere [22].

This research therefore aims to test the ability of selected
plant in absorbing NO; in the air. Even though they are many
research studies that have been conducted using plants to
absorb pollutants, this is the first study that has used dumb
cane for NO, absorption.

2. Materials and Methods
2.1 The selected plant for NO, absorption

Dumb cane (Dieffenbachia seguine) is a very common
ornamental plant. The leaf of the dumb cane is broad and has
white streaks or speckles on a green background. Some
leaves are green or cream-colored with a green border. The
height is about 0.3 - 1.8 m, while newer hybrids are more
compact reaching about 30 - 60 cm [23].

This plant originated in tropical areas and is a popular
ornamental plant used in home and office decoration. There
are 25-30 species, but the two main species are
Dieffenbachia seguine and Dieffenbachia pincta [24]. Dumb
cane is a foliage plant, which can grow indoors. It grows
well in bright, indirect sun-light and needs low amounts of
water. Based on the properties of the dumb cane mentioned
above, it was therefore selected to test its capability in NO,
absorption from the air.




2.2 Preparation of selected plants

Dumb canes with a height of approximately 20 cm and 6
- 7 leaves, planted in plastic bags were selected from the
nursery. They were transferred to the new pots containing
soil with a high content of humus and organic matter. They
were left indoors with an appropriate amount of indirect
sunlight for about 1 week and were watered every 2 days.
After that, each plant was put inside the chamber for further
experimentation. Each experimental condition was repeated
3 times using new plants.

2.3 Experimental chamber

The schematic diagram of the NO, experimental
chamber is shown in Figure 1. The chamber was made from
acrylic plate (thickness 0.4 c¢cm) in order to minimize NO,
absorption on the surface. The size of the chamber is 0.5 m
(W)x0.5 m (L)x0.6 m (H), which accounts for a total of 0.15
m?. The chamber was equipped with a NO, sensor (Testo
350-XL, Germany), a thermometer, a barometer, a mini-fan
and a hygrometer. An NO, generator and a pump (flow rate
0.037 m?/min) were also installed. NO, gas was produced by
dissolving copper powder in nitric acid in a desicator
(generator). Then NO, was pumped into the chamber and it
was diluted with air until a concentration of approximately
20 ppm and 40 ppm was reached. Concentration levels were
measured with a gas analyzer every 30 minutes over 8 hours.
The temperature inside the chamber was kept at 27+1°C,
while the relative humidity was recorded at 60+2%.

Figure 1. Schematic diagram of the NO, experimental
chamber (1) NO, sensor (2) thermometer (3) barometer (4)
minifan (5) hygrometer

2.4 NO, absorption by plants in the closed system

In order to test the capability of dumb cane in NO,
absorption from the air in the closed system, 4 conditions
were set up: 1) a control set; the chamber without a plant, 2)
soil; a pot containing soil without a plant, 3) soil+plant; a pot
containing soil and a plant and 4) plant; a pot containing soil
and a plant with a plastic bag covering the pot to prevent gas
absorption through the soil media. The plants were tested in
the chamber with NO, concentration levels beginning at 20
and 40 ppm. Each condition was repeated 3 times for 8 hours
(9.00 am - 5.00 pm). After that, the differentiation of the
NO, concentration levels in the chamber was assessed for the
absorption rate. Moreover, the morphological change of
plant was also observed and recorded.

3. Results and Discussion

3.1 NO, absorption by dumb cane
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Figure 2. Changing of NO, concentrations (ppm) in the
chamber over 8 hours with starting concentration levels of
(a) 20 ppm and (b) 40 ppm

The average NO, concentrations (n=3) from each
experimental condition were plotted against time (Figure 2).
The graph patterns of the NO, concentrations over an 8-hour
period for all conditions were almost the same. For the
control set, the NO, level was quickly reduced within the
first 3 hours of the experiment. After that, it slowly
decreased and remained quite constant. This is probably due
to the presence of some leaks in the chamber and certain
amount of loss through the NO, sensor. In the case of 20
ppm NO,, the final concentration after 8 hours was ~ 6 ppm
(Figure 2a), while at 40 ppm NO,, the concentration level
was reduced to ~ 11 ppm (Figure 2b). This means that the
NO, level in the chamber decreased ~ 4 times over 8 hours.

Based on the NO, level detected at both concentrations,
it was found that the soil and plant showed a capability to
absorb NO, from air. Based on the Kruskal-Wallis test, there
was no significant difference (o = 0.05) of NO, absorption
by the soil alone or by a combination of plant and the soil.
They however differed in NO, levels remaining in the
control set and the set using the plant alone. This could be
because NO, absorption through the soil was greater than by
the plant leaves. However, a combination of plant and soil
did provide a higher capacity of absorption, than did soil
without plants and/or an individual plant.
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Figure 3. NO, uptake (ppm) by dumb came over 8 hours for
(a) 20 ppm and (b) 40 ppm of NO,

The uptake of NO, by plants was calculated from the
NO, concentrations detected under each condition subtracted
by those of the control set. It was found that the NO, removal
by the dumb cane was rapid in the first two hours of
exposure. After that the uptake slowed and remained
constant (Figure 3). The results showed that the plant and
soil could efficiently absorb NO, from air in the sealed
chamber. It was also found that these 3 conditions were
significantly different (p < 0.05) in terms of NO, uptake
from the air. The capability of NO, removal of the 3
conditions in descending order were plant+soil > soil >
plant. The absorption by the surfaces of the plant and the soil
was easily reached in a short time. A dramatic change in the
removal concentrations could be due to the uptake by the
stomata of the plant and the degradation by microorganisms
in the soil media.

Table 1: NO, uptake (ppm)

Experimental conditions NO, uptake (ppm)
20 ppm 40 ppm
(n=3) (n=3)
(1) Soil 44-6.1 4.4-73
(2) Plant & soil 4.0-7.0° 8.3-11
(3) Plant without soil 1.1-36 0.8-3.9

(covered with plastic)

* ¥ represent significant difference at 95% confidence (o =
0.05)

The NO, uptake by the plant and the soil is shown in
Table 1. It was found that the removal concentrations were
almost the same at 20 and 40 ppm either by the soil (1) or by
the plant (3). Moreover, the soil showed an NO, absorption
rate at 2-4 times higher than the plant. However, when NO,
concentration was increased from 20 to 40 ppm, NO,
removal by the plant & soil (2) also increased from 4-7 ppm
to 8-11 ppm. By a comparison of NO, uptake between 20
and 40 ppm NO, concentrations under each experimental
condition, it was found that only the conditions of the plant

and soil combination showed a significant difference (p <
0.05) of NO, uptake according to the Mann-Whitney test. At
higher concentrations of NO, (40 ppm), the plant and soil
showed a higher NO, uptake than that of lower
concentrations of NO, (20 ppm). Similar work has been done
in the real environment using trees for ambient NO, uptake.
It was reported that bullet wood and queen’s flower trees
could absorb NO, from ambient air in highly polluted areas
at a range of 6.2-46.1 and 0.4-18.3 ppbv, respectively,
whereas, the absorption levels at areas that were classified as
being low polluted areas were 3.2-10.3 and 0.7-13.3 ppbv,
respectively [25]. It should be noticed that the NO,
concentration in the real environment is much lower than it
was in the experiments carried out in the closed chamber
system.

3.2 Effect of NO, on dumb cane morphology

(a) (b)

Figure 4. leaf of dumb cane (a) before and (b) after being
exposed to 20 and 40 ppm NO, for 8 hours

Morphological changes of dumb cane leaves after
exposure to high concentrations of NO, were observed
(Figure 4). 1t was obvious that NO, affected and damaged the
leaf of the dumb cane. The external appearance of the
healthy leaf (Figure 4a) changed to appear as a burnt leaf
(Figure 4b) after exposure to 20 and 40 ppm of NO, for 8
hours. About 60% of leaf necrosis was observed after one
day of exposure. However not every leaf was affected, about
half of the total leaves in one plant were damaged and
ultimately died. This is probably due to the short-term
exposure. Therefore, plants can still recover and continue to
grow after the exposure. The results well agreed with Tingey
et al. [26]. They used tobacco, radish, oats and alfalfa plants
for NO, exposure at a concentration of 8 ppm for 4 hours and
found that leaf injuries from NO, occurred as marginal
and/or as interveinal necrosis on each leaf surface (bifacial)
and may result in yield losses for plants grown under field
conditions.

4. Conclusion

This study has demonstrated that the dumb cane can
absorb NO, from the air. Its capability for NO, absorption
was found to have increased with the NO, concentrations in
the air. The knowledge of absorption of air pollutants by
plants is important not only for determining the dose-
response of pollutants, but also to gain an understanding of
the removal of pollutants from the atmosphere.

Acknowledgements

Financial support from The National Research
University (NRU) Project of Thailand's Office of the Higher
Education Commission, Center of Excellence on




Environmental Health and Toxicology (EHT) and [26] Tingey, D.T., Reinert, R.A., Dunning, J.A. and Heck,
Graduate School of Chiang Mai University is gratefully W.W. Phytopathology. 61 (1971) 1506-1511.
acknowledged.

References
[1] Wellburn, A.R., Wellburn, A.R. Air Pollution and

Climate Change: the Biologicallmpact, second ed.
Longman Scientific & Technical,England. (1994) 57—

82.
[2] Organization for Economic Co-operation and
Development. OECD Environmental Data

Compendium. (2002) 14-22.

[3] American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE). Ventilation for
Acceptable Indoor Air Quality. (2004).

[4] World Health Organization. WHO Environmental
health criteria 190: Xylene. Geneva: World health
Organization. (1977)

[5] Brunekreef, B., Holgate, S.T. Air pollution and health.
Lancet 360 (2002) 1233-1242.

[6] Skolnick, A. Journal of the American Medical
Association. 262 (1989) 3102-3103.

[7] Sather, M.E., Slonecker, M., Daughtery, J. and
Williams, D.D. Environmental Monitoring and
Assessment 124 (2007) 211-221.

[8] Caciola, R. R., Sarva, M., and Pasola, R., Atmospheric
Pollution Research. 6 (2002) 57-281.

[9] Kato, T., Tachibana S. and Inden, T. Environmental
Control in Biology. 12 (1974) 103-107.

[10] Matsumaru, T., Youneyama, T., Tsumugu, T. and
Yoshihiro, M. Soil Science and Plant Nutrition. 27
(1981) 255-261.

[11] Wellburn, A.R. Air Pollution and Climate Change: the
Biological Impact, second ed. Longman Scientific &
Technical. (1994) 57-82.

[12] Pandey, J. S., Kumar, R., and Devotta, S. Health risks
of NO,, SPM and SO, in Delhi (India). Atmospheric
Environment. 39 (2005), 6868—6874.

[13] Rogers, H.H., Campbell, J.C., Volk, R.J. Science 206
(1979) 333-335.

[14] Yoneyama, T., Sasakawa, H. Plant Cell Physiol. 20
(1979) 263-266.

[15] Morikawa, H., Higaki, A., Nohno, M., Takahashi, M.,
Kamada, M., Nakata, M., Toyohara, G., Okamura, Y.,
Matsui, K., Kitani, S., Fujita, K., Irifune, K., Goshima,
N. Plant Cell Environ. 21 (1998) 180-190.

[16] Pandey, J.S., Kumar, R., and Devotta, S. Health risks
of NO,, SPM and SO, in Delhi (India). Atmospheric
Environment. 39 (2005), 6868—6874.

[17] Gilbert, L., Goldberg, M.S., Brook, J.R. and Jarret, M.
Atmospheric Environment 41(2007) 2670-2673.

[18] Taylor, O.C. and Eaton, F.M. Plant Physiology. 41
(1966) 132-135.

[19] Thomson, C.R., Hensel, E.G., Kate, G and Taylor,
O.C. Atmospheric Environment. 4 (1970) 349-355.

[20] Ashenden, T.W. and Mansgield, T.A. Nature 273
(1987) 142-143.

[21] Lucas M.N., Douglas W.D., James H.W., John D.S,,
Frank E.S. and Benjamin G.F. American Journal of
Epidemiology. 134 (1991) 204-219.

[22] Bootdee, S. Master.s Thesi, Chiang Mai Unversity,
(2009)

[23] http://www.guide-to-houseplants.com/dumb-cane.html
(Retrieved December 13, 2012)

[24] McGovern T. briefs: dumb cane (Lodd.) Schott. Cutis.
66 (2000) 333-4.

[25] Farrelly, W. 2011. M.S. Thesis, Faculty of Science,
Chiang Mai University.




Free radicals/ Antioxidants




TOTAL PHENOLIC CONTENT AND ANTIOXIDANT ACTIVITY OF
SWEET POTATO (IPOMOEA BATATAS L.) FLOURS FROM
DIFFERENT VARIETIES GROWN IN THAILAND

Benjaporn Poungmalee®, Daris Kuakpetoon™*

'Department of Food Technology, Faculty of Science, Chulalongkorn University, Bangkok, 10330 Thailand

* Author for correspondence; E-Mail: kdaris@gmail.com, Tel. +66 22185521

Abstract: Sweet potato (Ipomoea batatas L.) can be
grown in most part of Thailand. Each variety is distinct
in its flesh color depended on pigment compound which
could contribute to an antioxidant activity to its flour.
Four sweet potato varieties different in their flesh color
were used in this study, namely 0106-1(white), Phichit
265-1 (deep-yellow), T101 (orange), and Phichit 65-
3(deep-purple). Potato (Atlantic variety) was used for
comparison. The flours of the sample were prepared by
hot-air drying, milling, and sieving. The flours were
analyzed their chemical compositions, total phenolic
content and DPPH radical scavenging activity. The
proximate analysis showed that the flours were
significantly (p<0.05) different in their chemical
compositions. They contained 7.70-12.08% (wet basis;
wb) in moisture, 2.72-10.75% (dry basis; db) in protein,
0.79-6.72% (db) in fat, 1.85-5.30% (db) in crude fiber,
2.54-5.10% (db) in ash and 79.92-87.44% (db) in
carbohydrate. Sweet potato flours were significantly
(p<0.05) higher in crude fiber than potato flour. The
flours were also different in their total phenolic content
which was in the range of 168.27-448.93 mg gallic acid
equivalent (GAE)/100g sample and DPPH radical
scavenging activity which was in the range of 1.167-9.843
mg flour/ml (as expressed in half maximal effective
concentration; ECsg). Sweet potato flours were higher in
total phenolic content and ECs, than potato flour. Among
sweet potato, flour from Phichit 65-3 variety had the
highest in phenolic content and ECs, following by T101,
Phichit 265-1, and 0101-1 varieties. This study suggested
that sweet potato flours are a good source of fiber and
high in antioxidant activity especially, Phichit 65-3
variety.

Keywords: sweet potato; potato; antioxidant;
phenolic; DPPH

1. Introduction

Sweet potato (Ipomoea batatas L.) is a tuber plant
that endures to tropical weather resulting in high
growth rate and production yield. It can be grown in
most part of the country especially, in the central
region of Thailand. Its average annual productivity is
184,353 tons or 1,336.559 million THB [1]. Almost all
parts of sweet potato (buds, leaves, tubers, and roots)
can be eaten; however, the tuber is mainly consumed
due to its high amount of carbohydrate. Sweet potato
has many varieties different in flesh color, such as
white, brown, yellow, orange, and purple.

Compared with other flours, sweet potato flour is
considerably rich in proteins, dietary fibers, vitamins,
minerals, and phenolic compounds such as

anthocyanins, flavanoids, and carotenoids [2-3]. These
chemical compositions vary among sweet potato
varieties [4]; especially, with different in flesh color.
Purple sweet potato which is high in anthocyanins
content, exhibited significantly higher in antioxidant
activities than white sweet potato [5]. Due to its acid
tolerance, Fan et al. [6] use anthocyanins extracted
from purple sweet potato (ZiAO variety) as a natural
colorant in high acid foods. Beta carotene was also
found at 83.3 pg/g in orange sweet potato (Tainong 66
variety) [7].

There are many varieties of colored sweet potatoes
grown in  Thailand, however their chemical
compositions and functional properties have not been
thoroughly investigated resulting in a limit use in food
industry. This study was aimed to investigate the
chemical compositions, total phenolic content, and
DPPH radical scavenging activity of four main
varieties of colored sweet potato grown in Thailand.
Potato which is also a tuber plant and has been widely
used in the food industry has been also investigated for
comparison.

2. Materials and Methods

2.1 Materials

Potato (Atlantic variety) and four sweet potato
cultivars varying in flesh colors; namely, 0106-1
(white), Phichit265-1 (deep-yellow), T101 (orange),
and Phichit65-3 (deep-purple) were obtained from
Department of Agriculture, Thailand. All samples
were in the same age and grown in the same
environment.

2.2 Preparation of flours

The flour preparation was modified from the
method of Yadav [8]. The tubers were cleaned, peeled,
and sliced into small cubes (approximately 1x1x1
cm®). Then, the sample cubes were hot-air dried at 40
°C for 10 h. The dried samples were ground and sieved
through a 100 mesh. The raw flour was then packed in
an aluminum foil bag, and stored at room temperature
until used.

2.3 Proximate compositions of flours

The flour was analyzed its moisture, fat, protein,
ash, fiber, and carbohydrate using the AOAC Official
Methods [9].




2.4 Preparation of flour extracts

A gram of flour was shaken in a water bath
(ABQUIP, Thailand) with 25 ml acidified methanol
(7% acetic acid in 80% methanol) at 30 °C for 2 hours
and the mixture was filtered using a BUchner funnel
(Eyela, Aspirator A-35, Japan). The residue was then
extracted again with an additional 10 ml of acidified
methanol as described above. The combined
supernatant was concentrated by the rotatory
evaporator (Buchi RII, Thailand) and diluted to 25 ml
with acidified methanol. The extract solution was
stored at 4 °C in an amber bottle before analysis.This
method was modified according to Teow et al. [5].

2.5 Total phenolic assay

Total phenolic content of the flour extract was
determined according to the Folin- Ciocalteu method
[10]. Flour extract solution or a standard gallic acid
solution varying in concentrations (0.1 ml) was
pipetted into a 10-ml volumetric flask. Then, distilled
water (7 ml) and Folin-Ciocalteau reagent (0.5 ml)
were added. The reaction was allowed to take place at
room temperature for 1-8 min. After that, saturated
sodium carbonate solution (1.5 ml) was added and
made up to 10 ml by distilled water. The mixture was
shaken and incubated at room temperature for 2 h. The
mixture was measured its absorbance at 765 nm by
spectrophotometer (Spectronic, Genesys 10UV, USA)
with distilled water as a blank. The content of phenol
was calculated on the basis of the calibration curves of
gallic acid, and was expressed as mg gallic acid per
100 g dry matter.

2.6 Assay of DPPH radical scavenging activity

The scavenging activity of flour extract on 2,2-
diphenyl-1-picrylhydrazyl ~ (DPPH) radical was
determined using the modified method of Huang [4].
The flour extracts solution varied in volumes (0.02-2
ml) was mixed with varied amount of acidified
methanol up to the final volume of 2 ml in a test tube.
Then, freshly prepared 0.1 mM DPPH solution in
methanol (3 ml) was added into the flour extract
solution. The mixture was shaken vigorously and left
to stand for 30 min in the dark. The absorbance of the
mixture was then measured at 515 nm by
spectrophotometer (Spectronic, Genesys 10UV, USA).
The percentage of radical scavenging activity was
calculated as follows [1- (Asample / Acontrol)] X 100. ECso

value (mg/ml) is the effective concentration of sample
at which DPPH radical were scavenged by 50% and
was obtained by extrapolation from the graph plotted
between the percentage of radical scavenging activity
and the concentration of the flour extract solution
(mg/ml). BHA was also used for comparison.

2.7 Statistical analysis

Proximate compositions analyses were performed
in duplicate; while other analyses were performed in
triplicate. The data were subjected to analysis of
variance (ANOVA) with Duncan’s multiple range test
(p < 0.05) using SPSS program versions 16 for
windows (SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1 Proximate compositions of flours

Sweet potato and potato flours were significantly
(p < 0.05) different in their chemical compositions
(Tablel). Carbohydrate was the major components
found in both flours. However, sweet potato flours
contained higher carbohydrate than potato flour,
especially, 0106-1 variety. Yadav [3] also found that
flour from red-purple sweet potato grown in India
contained carbohydrate as high as 75% (db). This
suggested that sweet potato was an appropriate source
for flour production. Besides carbohydrate, sweet
potato flours were higher in fat and fiber than potato
flour, especially T101 and Phichit 65-3 varieties.
However, they contained lower amount of protein and
ash than potato flour. Reported by Ahmed [11], flours
from sweet potato cultivated in South Korea also
contained considerably high in fiber (5.26%) but low
in protein (3.48%) and ash (3.45%). These high-fiber
and low-protein characteristics were also reported by
Yadav [3] who studied the flour from red-purple sweet
potato grown in India (17.5% in fiber and 6.6% in
protein). Although flours of sweet potato from
different varieties and growing areas shared the same
chemical compositions characteristics, they were still
different in detail of each composition.

3.2 Total phenolic contents

Phenolic content of the flour extracts from all
sweet potato varieties were higher than that of the
flour extract from potato (Table 2).

Tablel: Proximate compositions of sweet potato and potato flour.

Flour Variety Flesh color Protein Fat Fiber Ash Total
(%dry basis)  (%dry basis)  (%dry basis)  (%dry basis)  Carbohydrate
(%dry basis)
Sweet  0106-1 white 2.729+0.01 3.95°+0.11 3.35°+ 0.04 2.54°+0.03 87.44*+0.03
potato  Phichit 265-1  deep-yellow  4.28°+0.07 255°+0.08 4.06°+0.20 2.99°+0.00 86.10°+0.18
T101 orange 4.09°£0.03 6.72°£0.02 530°+0.10 3.97°£0.04 79.92°+0.11
Phichit65-3  deep-purple  5.23°+0.14  4.49°+0.01 5.22°+0.28 3.27°£0.07 81.77°+0.22
Potato  Atlantic cream 10.75%+0.20 0.79°+0.08 1.85+0.01 5.10°+0.15 81.50°+0.44
The values are the mean + SD of two independent observations. The values with same superscripts in a column did not differ significantly
(p<0.05).

Carbohydrate content is calculated from 100 — (moisture -lipid - protein —ash).




Furthermore, all four sweet potato varieties were
significantly (p < 0.05) different in the phenolic
content of their flour extracts. The flour extract from
deep-purple sweet potato (Phichit 65-3) exhibited the
highest phenolic content following by those from
orange (T101), deep-yellow (Phichit 265-1), and white
(0106-1) sweet potatoes. Rumbaoa [12] also found this
positive correlation between flesh color and phenolic
content of Phillippine sweet potatoes. Dakol variety, a
purple sweet potato, gave the highest in phenolic
content (1,159.0 mg GAE/100 g), while Emelda
variety, a white sweet potato, had the lowest in
phenolic content (192.7 mg GAE/100 g).

Type of pigment in sweet potato flesh probably
influences the phenolic content of the flour extract.
Teow [5] found that purple sweet potato contained
considerably high amount of anthocyanins (0.030 -
0.531 mg/g), while orange and yellow sweet potatoes
highly contained carotenoids (1.50-226.00 pg/g). Both
pigments are polyphenol compounds; however
anthocyanins had more phenolic rings than carotenoids
[13]. As a result, Flour with anthocyanin content has
higher total phenolic than flour with carotenoid
content. Therefore, the flour extract of purple sweet
potato showed higher amount of total phenolic content
than those of orange, yellow, and white sweet
potatoes, respectively. However, the total phenolic
content from the same sample could be also varied
depended on the extraction time, temperature, and
solvent type [14].

Table2: Total phenolic content of sweet potato and
potato flour extracts.

efficiency which were the white (0106-1) sweet potato
and potato (Atlantic) flours. These findings were in
accordance to the high radical scavenging activity of
the flour extract of three Philippine purple sweet
potato varieties over those of yellow and white sweet
potato varieties [12]. This high antioxidant activity of
purple sweet potato flour extract could be due to its
high anthocyanins content. Teow [5] revealed the
positive correlation between the anthocyanins content
and antioxidant activity of the flour extract from
purple sweet potato varieties. The antioxidant activity
was depended on the type of anthocyanins. The major
types of anthocyanins found in sweet potato were
peonidin and cyanidin.

Table3: DPPH radical scavenging activity of sweet
potato and potato flour extracts.

Flour Variety Flesh color ECs
(mg/ml)
BHA - - 0.003°+ 0.01
Sweet 0106-1 white 3.638" + 0.10
potato  Phichit 265-1  deep-yellow  2.115°+ 0.02
T101 orange 1.183%+ 0.05
Phichit 65-3  deep-purple  1.167%+ 0.04
Potato  Atlantic cream 9.843%+ 0.37

Total Phenolic

Flour Variety Flesh color ~ (mg GAE/100 g
sample)

Sweet  0106-1 white 181.67%+ 9.44

potato  phichit 265-1  deep-yellow 234.60°+ 4.58

T101 orange 394.27°+ 513

Phichit 65-3  deep-purple  448.93% + 22.19

Potato  Atlantic cream 168.27°+ 8.62

The values are the mean + SD of three independent observations.
The values with same superscripts in a column did not differ
significantly (p<0.05).

3.3 DPPH radical scavenging activity

Scavenging activities on DPPH, a stable nitrogen
radical, of the flour extracts and BHA were presented
in Table 3. The activity was determined as ECs, value
which is the effective concentration of the testing
antioxidant solution at which DPPH radicals were
scavenged by 50%. Therefore, the lower the ECsy, the
higher the efficiency of the testing antioxidant is. All
flour extracts had the ECs, in the range of 1.167-9.843
mg flour/ml, while the ECs, of BHA was 0.003 mg/ml.
Based on their ECsq values, flour extracts could be
classified into three groups: the high antioxidant
efficiency which were the purple (Phichit 65-3) and
orange (T101) sweet potato flours, the medium
antioxidant efficiency which was the yellow (Phichit
265-1) sweet potato flour, and the low antioxidant

The values are the mean + SD of three independent observations.
The values with same superscripts in a column did not differ
significantly (p<0.05).

According to the total phenolic content and the
DPPH radical scavenging activity of flour extract,
there was a correlation between these two
characteristics. Flour extracts with high amount of
phenolic compounds also exhibited high efficiency in
its antioxidant activity. This correlation could be
implied that the phenolic compounds such as
anthocyanins or carotenoids in sweet potato exhibited
antioxidant activity. Teow [5] also reported that total
phenolic content and antioxidant activities (DPPH and
ORAC assay) were highly correlated (R* = 0.870 and
R? = 0.937, respectively).

4, Conclusions

Four sweet potato varieties grown in Thailand
(0106-1, Phichit 265-1, T101, and Phichit 65-3) were
appropriate for flour production due to their high in
carbohydrate content as potato. Compared to potato
flour, sweet potato flours were uniquely high in fiber
and fat but low in protein, especially the flour from
orange sweet potato (T101). Total phenolic content
and DPPH radical scavenging activity of flour extracts
were highly related to the flesh color of sweet potato.
Flour extract of purple sweet potato (Phichit 65-3)
exhibited the highest in total phenolic and DPPH
radical scavenging activity, while that of white sweet
potato (0106-1) showed the lowest in both values.
Sweet potato cultivated in Thailand, especially the
colored-flesh varieties, had a high potential for using
as a source of flour in healthy starch-based food
products.
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Abstract: The methanolic extracts obtained from flowers,
leaves and stems of Brunfelsia hopeana Benth were
examined for their antioxidant properties (AOP) and
tyrosinase inhibition. Total phenolic contents (TPC), total
flavonoid contents, 2,2'-Diphenyl-1-picrylhydrazyl
(DPPH) and 2,2-azino-bis-(3-ethylbenzothiazotine—6-
sulfonic acid) (ABTS) free radical scavenging activities
(RSA) were used to evaluate the AOP. Modified 3,4-
dihydroxy-L-phenylamine (L-DOPA) method was used
to determine tyrosinase inhibitory activity. The results
showed that TPC of flowers, leaves and stems were 45.34,
25.19 and 0.045 mg-gallic acid equivalent/g(dry),
respectively, and total flavonoid contents of flowers,
leaves, and stems with aluminium chloride colorimetric
method were 1.72, 5.0 and 0.53 x 102 mg-quercetin
equivalent/g (dry), respectively. The free radical
scavenging assay have showed the highest methanolic
extracts from the flowers of Brunfelsia hopeana Benth.
For the investigation of tyrosinase inhibitory activity, it
was found that the methanolic extracts yield from flowers
exhibited the highest tyrosinase inhibitory activity. The
results indicate that this plant is a potential source for the
chemicals used as an antityrosinase and an antioxidant.

1. Introduction

Reactive oxygen species (ROS) in the forms of
super oxide anion radical (-Oy), hydroxyl radical
(-OH), hydrogen peroxide (H,0,) can cause oxidative
damage to human cells, resulting in diseases such as
cancer, cardiovascular disease, osteoporosis, and
degenerative diseases [1]. Antioxidants can delay or
inhibit the initiation or propagation of oxidative chain
reaction and thus prevent or repair oxidative damage
done to the body’s cells by oxygen [2]. Thus synthetic
antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxyl toluene (BHT), and tertiary
butylhydroquinone (TBHQ) have been widely used in
food industry. Synthetic antioxidants, however, are
known to induce carcinogenesis by mutagenicity and
toxicity against human enzymes and lipids [3,4]. For
this reason, studies of natural antioxidants are
attractive to researchers for uses in foods or medicinal
materials to replace synthetic antioxidants.

Tyrosinase (monophenol monooxygenase,
E:C:1.14.18.1), also known as polyphenol oxidase
(PPO) and a copper containing enzyme, is involved in
the first two steps of melanin biosynthesis [5]. This
enzyme is responsible for enzymatic browning in
plants, producing undesirable changes in color, flavor

and nutritive values of plant-derived foods and
beverages [6]. Tyrosinase inhibitors are chemical
agents capable of reducing enzymatic reactions, such
as food browning and melanisation of human skin.
Therefore, tyrosinase inhibitors have become
increasingly important in cosmetic and medical
products in relation to hyperpigmentation [7].

Brunfelsia has two centers of species diversity.
One is in South America, especially south-central and
eastern Brazil, the other is in the Antilles, distributed
in Cuba, Jamaica, Hispaniola, and Puerto Rico [8].
Species of Brunfelsia, whose flowers change color
progressively from violet to white, are popularly
known as yesterday-today-tomorrow. Brunfelsia
hopeana, known in Thai as ‘Phut sam sri’ or ‘Sam
rasri. The decrease in anthocyanin concentration in
these flowers is extremely rapid and occurs at a
specific and well-defined stage [9]. Brunfelsia is used
in folk medicine, mainly as anesthetic and diuretic.
Based on Ethnobotanica surveys, it has been
investigated chemically and pharmacologically for
expanding the knowledge on the native medical flora
and for searching bioactive compounds [10].

There was a little available information on
antioxidant properties of Brunfelsia hopeana, as well
as tyrosinase inhibitory activity. Therefore, the
objective of this study was to evaluate total phenolic
contents (TPC), total flavonoid contents, 2,2-
Diphenyl-1-picrylhydrazyl —(DPPH) free radical
scavenging activities (RSA), and 2,2'-azino-bis-(3-
ethylbenzothiazotine-6-sulfonic acid) (ABTS) radical
scavenging activity of methanolic extracts from
flowers, leaves and stems of Brunfelsia hopeana . In
addition, tyrosinase inhibitory activity of methanolic
extracts was also evaluated for the benefit of cosmetic
industry as a new source of whitening agents.

2. Materials and Methods
2.1 Sample and preparation

The flowers, leaves and stems of B. hopeana were
collected from the Department of Chemistry, Faculty
of Science, King Mongkut’s University of Technology
Thonburi, Thongkru, Bangkok, in June - October
2011. The flowers, leaves and stems were freeze-dried
at room temperature to dry and keep the weight
constant. The dried flowers, leaves and stems were
grounded separately to powder. Three grams of the
powder were extracted separately with 50 mL
methanol for 5 hrs on the shaker. The extracts were
filtered via vacuum filtration and the solvent was dried




off using a rotary evaporator at 45°C. The crude
extracts were re-dissolved in methanol to make 1 mg/l
stock solution and stored at 4°C for further use [11].

2.2 Chemicals and reagents
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis-(3-ethylbenzothiazotine-6-sulfonic acid) (ABTS),
butylated hydroxytoluene (BHT), gallic acid,
quercetin, Trolox, aluminium chloride, L-3,4-
dihydroxyphenylalanine and mushroom tyrosinase
were purchased from Sigma Chemical Co. (Thailand).
Folin-Ciocalteu's  reagent, Dimethyl  sulfoxide
(DMSQO), methanol and sodium carbonate were
purchased from Merck Chemical Supplies (Thailand).

2.3 Determination of total phenolic contents

Total phenolic content in the extracts was
determined using modified Folin-Ciocalteu’s method
[12].

An aliquot of the extract (0.25 ml) was mixed
with 0.5 ml of the freshly prepared Folin-Ciocalteu’'s
reagent and a further 6.0 ml of distilled water. The
mixture was shaken vigorously and 2.0 ml of sodium
carbonate (15% w/v) was added and the mixture was
again shaken vigorously for 2 min. The final volume
was made up to 10.0 ml with distilled water. After the
mixture was left to stand for 2 h at room temperature,
the absorbance of mixture was then measured at 750
nm using the Hewlett Packard UV-VS
spectrophotometer. Total phenolic content was
expressed as mg gallic acid equivalent / g sample (dry
mass) using the following equation based on the
calibration curve: y = 0.002x+0.014, r* = 0.9920,
where x was the absorbance and y was the gallic acid
equivalent (mg/g (dry mass)).

2.4 Determination of total flavonoid contents
Estimation of the total flavonoid in the crude
extract was carried out using the method of Ordon Ez
et al [13]. To 5.0 ml of the extract stock solution of a
known concentration, 5.0 ml of 2% AICI; methanolic
solution was added. After one hour at room
temperature, the absorbance of the mixture was
measured at 420 nm using the Hewlett Packard UV-
VS spectrophotometer. A yellow color of the solution
indicated the presence of flavonoid compounds. Total
flavonoid content was calculated as quercetin (mg/g)
using the following equation based on the calibration
curve: y = 0.0310x + 0.023, r’= 0.9990, where x was
the absorbance and y was the quercetin equivalent

(mg/g(dry mass)).

2.5 Determination of antioxidant activities
2.5.1 DPPH radical scavenging activity

The stable 2,2-diphenyl-1-picrylhydrazyl radical
(DPPH) was used for determination of free radical-
scavenging activity of the crude extracts [14].
Different concentrations (10, 20, 30, 40 and 50 mg/l)
of each crude extract were added at an equal volume to
1.0 x 10* M methanolic solution of DPPH. After
incubation for 30 min at room temperature, the

absorbance of the mixture was measured at 517 nm.
The experiment was repeated for three times. BHT
was used as a standard reference. Radical scavenging
activity was expressed as the inhibition percentage and
was calculated using the following equation:

% radical scavenging activity = (Acontro—Asample! Acontrot)
x 100

where Ao 1S the absorbance of the control
without extract, and Agmpe is the absorbance of
reaction mixture. The DPPH- radical scavenging
activity (1Cso) was calculated using a plot of percent
radical-scavenging activity against concentration
(mg/l) to determine the concentration of extract
necessary to reduce DPPH" by 50%. Samples with a
lower ICs, had a stronger antioxidant activity. All tests
and analyses were carried out in triplicate and
averaged.

2.5.2 ABTS radical scavenging activity

The ABTS radical cation scavenging assay
followed the method of Re et al. [15]. To oxidize the
colorless ABTS to the blue-green ABTS™ radical
cation, the stock solutions were prepared including 7
mM ABTS and 2.4 mM potassium persulfate . The
working solution was then prepared by mixing the two
stock solutions in equal quantities and allowing them
to react for 12 h at room temperature in the dark. The
solution was diluted in methanol to an absorbance of
0.70 (£0.02) at 734 nm before used. Then 1.00 ml of
sample extract was added to 10.00 ml of ABTS™
solution, stirred for 30 s and allowed to stand for 15
min at room temperature. The absorbance was then
determined at 734 nm. A calibration curve was made
by absorbance reduction with different concentrations
of Trolox. A control consisted of 1.00 ml of methanol
and 10.00 ml of ABTS™ solution. The antioxidant
solution reduces the radical cation to ABTS which
reduces the color. The ABTS™ scavenging capacity of
the extract was calculated as ABTS radical scavenging
activity (%) = [(AbScontrol — AbSsampie) J/[AbScontror)] X 100
where AbSconol 1S the absorbance of ABTS radical +
methanol; Absgmpie is the absorbance of ABTS radical
+ sample extract/standard. The ABTS' activity was
calculated using a plot of percent radical-scavenging
activity against concentration, as described in ICs, for
DPPH system.

2.6 Tyrosinase inhibitory activity

Tyrosinase inhibitory activity was measured using
the method described by Vanni, Gastaldi, and
Giunata [16]. A 5 mg aliquot of the extract was
weighed and dissolved in 2 ml of 50% DMSO. Each
extract (50 ul) was diluted with 150 uL of 0.02 M
sodium phosphate buffer (pH 6.8) in a 96-well plate
and then 50 pl of 0.34 mM L-DOPA solution and 50
pl of mushroom tyrosinase (3666 unit/ml) were added
into a 96-well plate. The test mixture (300 ul) was
mixed well and incubated at 37°C for 15 min. Each
sample was accompanied by a blank that contains all




components except L-DOPA. Absorbance was
measured at 492 nm. The increase in absorbance at
492 nm due to the formation of DOPAchrom was
monitored as a function of time, using miroplates
reader spectrophotometer. The extract of Brunfelsia
hopeana was used as the positive control. Results
were compared with a control and a blank containing
50% DMSO in place of the sample solution. BHT and
gallic acid were used as the positive contrals.The
percent inhibition of tyrosinase by the active
compounds was calculated as the following :

inhibition (%): [(Abscontrol_Abssample)]/[Abscontrol)]X 100

The inhibitory effect (%) of the compound was
expressed as the inhibitor concentration causing 50%
loss of enzyme activity (ICsp). The experiment was
repeated for three times.

2.7 Statistical analysis

Each of the measurement described above was
carried out at least three replicate experiments, and the
results are reported as the mean and standard
deviation.

3. Results and Discussion
3.1 Total phenolic and flavonoid contents

Phenolic and flavonoid compounds are well known
as effective free radical scavenging and antioxidant
agents. This activity is believed to be mainly due to
their redox properties, which play an important role in
adsorbing and neutralizing free radicals, quenching
singlet and triplet oxygen, or decomposing peroxides.
[17]. Results obtained in the present study revealed
that the level of the phenolic and flavonoid contents in
the methanolic extracts of Brunfelsia hopeana were
considerable (Table 1).

Total phenolic content was determined with linear
gallic acid standard curve (y=0.002x+0.014;
r’=0.9990) and total flavonoid content was determined
with linear quercetin standard curve (y=0.031+0.023x;
r’=0.9996). The highest phenolic and flavonoid
contents were found in flowers, which were 45.36 +
0.46 and 1.72+0.04 mg/g (DW), respectively. Earlier
studies showed that the fresh leaf and stem extracts of
some plants had lower phenolic and flavonoid contents
than those of fresh flowers [18].

Table 1: Total phenolic and flavonoid contents of the
methanolic extracts of leaves, stems and flowers of
Brunfelsia hopeana

Brunfelsia Total phenolic * Total
hopeana (mg/g (DW) Flavonoid™
Flowers 45.35 +0.46 1.72+0.04
leaves 25.19 +0.14 5.00 +£0.05
Stems 0.045 +0.01 0.53x1072 +

0.06x10°

“Expressed as mg gallic acid/g of dry plant extracts
Expressed as mg quercetin/g of dry plant extracts

3.2 DPPH and ABTS radical scavenging activity

DPPH is a stable free radical compound that has
been widely used to evaluate the free radical
scavenging activity (RSA) of various plants and pure
compounds. Proton radical scavenging is an important
attitude of antioxidants. ABTS, a protonated radical,
has characteristic absorbance maxima at 734 nm which
decreases with the scavenging of the proton radicals
[19].

Table 2 shows the dose-response of DPPH RSA
and ABTS RSA of the methanolic extracts of the
flowers, leaves and stems of B. hopeana, compared
with BHT.

It was observed that methanolic extracts of the
flowers with 1Csy (22.20+0.20 (DPPH), 20.37+0.15
(ABTYS)) showed the highest DPPH RSA and ABTS
RSA, but the activities of the extracts were less than
ICsp (12.50 (DPPH), 11.60 (ABTS)) of standard BHT.
The present study showed that the extracts had the
proton-donating ability and could serve as free radical
inhibitors or scavengers, acting possibly as primary
antioxidants.

3.3 Tyrosinase inhibitory activity

Tyrosinase inhibitors are chemical agents capable of
reducing enzymatic reactions, such as food browning
and melanisation of human skin. Therefore, these
agents have good commercial potential in both food
processing and cosmetic industries.

Tyrosinase inhibitory activity of B. hopeana, gallic
acid and BHT are shown in Table 3. Like antioxidant
activities, the values of tyrosinase inhibitory activity of
B. hopeana increased as the concentration increased
from 1 to 1000 mg/l. 1Csq values of B. hopeana , Gallic
acid and BHT were shown in Table 3.

Table 2: DPPH and ABTS radical scavenging activity of methanolic extracts from Brunfelsia hopeana

DPPH RSA (%) of B. hopeana

ABTS RSA (%) of B. hopeana

Conc. Flowers Leaves Stems Flowers Leaves Stems BHT
(mg/I(DW))
10 21424051 11.27+0.27 10.01+0.36 42.61+051 13.45+0.26 13.19+042 1156+1.26 45.96+0.26
20 44654+0.40 23.174+0.39 29.304+0.72 66.41+0.39 49.55+0.41 25.14+0.44 31.16+1.45 70.21+0.24
30 68.25+0.28 34.24+0.12 36.25+0.63 75.32+0.01 74.74+058 64.73+0.62 49.49+1.18 81.03+0.16
40 90.52+1.22 50.33+1.04 4573+041 84414033 84.03+042 71.11+049 70.93+1.40 89.60+0.33
50 91.89+0.66 59.79+0.51 57.1840.24 86.36+0.63 90.26+0.37 75.85+0.44 75.33+0.60 93.94+0.24
I1Csp 22204020 39.60+0.87 4350+0.30 1250+0.00 20.37+0.15 25.90+0.20 29.67+0.37 11.60+0.00

1Cso (Mg/l) , concentration for scavenging 50% of DPPH radicals and ABTS radicals concentration




Table 3: Tyrosinase inhibitory activity of the methanol extracts of the B. hopeana, compared with BHT and

gallic acid.
Conc.(mg/l) Flowers Leaves Stems Gallic acid BHT
1 4.40+0.57 5.50+0.78 4.10+0.90 47.14+1.32 41.66+1.37
50 16.89+0.36 12.01+£1.03 9.52+0.24 57.23+0.93 52.92+0.81
100 35.46+0.58 30.24+0.63 29.11+0.44 70.29+0.93 65.29+0.72
500 47.64+0.37 48.42+1.53 44.4+0.25 78.29+0.40 69.98+0.37
1000 57.44+0.85 52.55+1.83 53.60+0.32 84.06+1.68 73.91+1.12
ICso 560.00+0.01 610.00+0.06 760.00+0.01 10.00+0.001 40.00+0.001
From Table 3, the tyrosinase inhibitory activity of [8] N. Filipowicz and S.S. Renner, Mol.

the extracts varies depending on the concentration.
However, the tyrosinase inhibitory activity of the
extracts was much less than those of gallic acid and
BHT. This study is the first attempt to exhibit the
tyrosinase inhibitory activity of the methanolic extracts
from flowers, leaves and stems of B. hopeana. Further
studies are needed to determine tyrosinase inhibitory
activity in extracts of various solvents.

4. Conclusions

The present result showed that methanolic extracts
from flowers, leaves and stems of Brunfelsia hopeana
flowers contain abundant phenolic and flavonoid
contents and antioxidant activity. This study also
found that there was a good correlation between total
phenolic and flavonoid contents and antioxidant
activity of the extracts. Methanolic extracts from
flowers, leaves and stems of Brunfelsia hopeana had
low tyrosinase inhibitory activity compared to gallic
acid and BHT. These results demonstrated that the
flowers of Brunfelsia hopeana can be considered as a
source of natural antioxidants in food industry and
suggested that the flowers of B. hopeana has the
potential as an ingredient in cosmetic products.
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Abstract: The ginger had phenolic compounds which are
powerful antioxidant for stabilization of coconut oil and
prevent deleterious effect of free radicals. Coconut oil
enriched with phenolic compounds has high oxidative
stability which can be used for healthy food. Therefore,
the incorporation of coconut oil to sunflower oil increases
the stability of the blends. The objective of this work was
to prepare sunflower oil blend with coconut oil with
extracted ginger to improve oxidative stability of
sunflower oil during storage. Coconut oil with extracted
of ginger (COEG) blends with sunflower oil (SFO) in
ratio of 20%+80%, 50%+50% and 80%+20%
(209%COEG + 80%SFO, 50%COEG + 50%SFO and
80%COEG + 20%SFO) was prepared. 2,2-Diphenyl-1-
picrylhydrazyl radical (DPPHe¢) scavenging activity, total
phenolic contents and peroxide value in these blends oil
were-studied. It was found that total phenolic content in
coconut oil with extracted ginger, virgin coconut oil
(VCO), sunflower oil and coconut oil with extracted
ginger blend : 20%COEG + 80%SFO, 50%COEG +
50%SFO and 80%COEG + 20%SFO were 763, 93, 138,
274, 387, 513 mggallic acid equivalent/100g oil,
respectively. In addition, high total phenolic content
resulted to high radical scavenging activity and low
peroxide value. It was concluded that blending of coconut
oil with extracted ginger and sunflower oil provides
oxidative stability to the blends oil and greater radical
scavenging activity.

1. Introduction

Vegetable oil is an important component of the
diet. The fatty acid composition of the substrate is
essential for the body’s important hormones such as
prostaglandins hormones and control many factor in
the body (i.e. blood pressure, cholesterol levels) [9].
However, vegetable oils (i.e. soybean oil, sunflower
oil, rice bran oil, and sesame oil) are rich in
monounsaturates fatty acid and polyunsaturates fatty
acid. These vegetable oil have problem for oxidative
stability especially catalyzed by the heat that occur
free radicals and trans fats easily [7]. Free radicals can
be penetrated the epithelial cells are the cause of many
chronic diseases (i.e. Ischemic heart, Hypertension,
Alzheimer, and Diabetes). Trans fats are dangerous to
the body. It is difficult to eliminate from the blood
vessels and accumulate in the body. These the problem
were solved by adding antioxidants [8] and medium
chain fatty acid in vegetable oil. Synthetic antioxidants
such as Butylated hydroxyanisole (BHA), Butalated
hydroxytoluene (BTH), and ter-butyl hydroguinone
(TBHQ) were used as food additives. But these

synthetic antioxidants may be implicated in many
health risks including cancer. Due to these safety
concerns, the natural antioxidant such as polyphenol
compound in plant was used in food replaced these
synthetic antioxidant. Ginger is one of plant which
found polyphenol compound with high antioxidant
activity[8].

In addition, increasing the stability of vegetable oil
by adding the medium-chain triacyl glycerols contains
saturates fatty acid, C8:0, C10:0, and C12:0. This
fatty acid is easily absorbed into the body and burnt
for energys rather than stored in the body [5]. Coconut
oil contains major medium-chain triacyl glycerols
(60%), especially C12:0 (50%) as called lauric acid
which becomes 2-mono-laurin in the gut and dissolves
the lipid envelope that protects most pathogenic
bacteria and viruses. Moreover, natural coconut oil in
the diet leads to a normalization of body lipid, protects
against alcohol damage to the liver, and improves the
immune system’s anti-inflammatory response [1]. It is
very stable against oxidation and hence not prone to
peroxide formation. Therefore, the oil for health has
rich antioxidant and medium chain fatty acid. The
objectives of this work were to study SFO blends with
COEG and study the radical scavenging activity, total
phenolic content and oxidative stability of coconut oil
with extracted ginger blend sunflower oil. These
blends oil during storage.

2. Materials and Methods

2.1 Materials

Coconut milk was extracted from coconut 10-12
month which obtain from local markets in Thongsong,
Nakhon Si Thammarat, Thailand to produce coconut
oil.

2.2 Methods
2.2.1 Preparation of Blends

A 100 g of COEG and SFO was blended in 250-ml
beakers and stirrer with mechanical at 180 rpm for 15
min. The three blends are 20% COEG + 80% SFO,
50% COEG + 50% SFO, 80% COEG + 20% SFO
were perpared. These oil blends were analyzed
oxidative stability, total phenolic, and radical
scavenging activity.




2.2.2 Oxidative stability measurement

Blends of COEG with SFO in ratio of 20:80, 50:50,
and 80:20, respectively, were prepared in 100 g x 2
batches. These oil blends were placed in beakers (50-
ml capacity) and incubated at 65 °C in incubator to
determine their peroxide value over a period of 4
weeks (28 days) by using AOCS Method No: Cd 8-53,
1997 [2].

2.2.3 Extraction of phenolic compounds

The procedure reported by Kapila (2009) was
slightly modified [5]: Five grams of oil sample was
weighed, dissolved in 25-ml hexane and transferred to
a separatory funnel. Twenty-five millilter of a
methanol-water mixture (80:10 v/v) was added and
shaked for 2 min. After that the lower methanol-water
layer was separated. The extraction was repeated twice
and the methanol-water phase was combined. The
methanol-water solvent in extraction of phenolic
compounds was removed in rotary evaporatory under
vaccum at 40 °C. The dry residue was then diluted in 1
ml of methanol.

2.2.4 Determine of total phenolic content

The content of total phenolic compounds in the
VCO and COEG and oil blends was determined by
Folin-Ciocalteau reagent [6]. The reaction mixture
contains 1 ml of methanol-water extract diluted in
methanol, 8 ml of freshly Folin-Ciocalteau reagent and
1 ml of sodium carbonate solution. The mixture was
kept in the dark at ambient conditions for 30 min to
complete reaction. Ather that the absorbance of thin
mixture was measured on spectrophotometric 21 at
645 nm. Gallic acid was used as standard. The content
of total phenolic compounds are expressed as mg of
Gallic acid per kg of oil.

2.2.5 Radical scavenging activity (RSA) toward DPPH
radicals

RSA and the presence of hydrogen donors in the
prepared oil blends were examined by reduction of
DPPH radicals in ethyl acetate. The procedure was
reported by Lee (2007)[3] and was slightly modified :
1 g of oil sample was dissolved with ethyl acetate in
10 ml volumetric flask, then 1 ml of this solution was
transferred to DPPH radical solution in 10 ml of
volumatric. Reaction was shaken for 10 s with vortex
apparatus and allowed to stand in the dark for 30 min
against a bank of pure ethyl acetate without DPPH
radicals, the decrease in the absorption at 515 nm was
measured with spectrophotometer (Biochrom S22) in a
1 cm quartz cell at 60 min. %lnhibition was calculated
using the following equation (1)

%Inhibition = [{Aconrol — AsmpleH Aconiro] X 100 (1)

Where Aconor and  Agmpie  are  Absorbance  of
control and sample, respectively.

3. Results and Discussion
3.1 Oxidative stability

Oxidative Stability of oil blends was studied on
compared with individual oil (virgin coconut oil,
coconut oil with extracted ginger, and sunflower oil).
Peroxide value of all oil sample was observed after
storage at 65°C upto 28 days. A regular increase in
peroxide value in a function of storage time was
observed for all the oil sample of all intervals exeepted
coconut oil with extracted ginger which has low and
constant peroxide value. Initially, the difference in
peroxide content of all the oil samples was not
noticeable. After the 3" week, these was tremendous
rise in peroxide value of sunflower oil and all oil
blends. However, peroxide value for all the oil blends
increased but this increase was slower than peroxide
value of sunflower oil. These data suggest that
coconut oil with extracted ginger enriched phenolic
antioxidant inhibit lipid peroxidation for all the oil
blends (Fig. 1).
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Figure 1 Rates of peroxide formation in the sample oil
sample for 4 weeks (28 days)

3.2 Total phenolic content and radical scavenging
activity

Tablel Total phenolic content and %inhibition of
sample oils at 60 min

Total phenolic

Sample content % Inhibition
(mg GAE/100g oil

o - Tocopherol 95.6+0.0
VCO 93+7.8 2.8+0.0
COEG 763%0.0 92.2+0.0
SFO 138+2.7 46.2+0.0
20% COEG +

80% SFO 274+30.9 74.3+0.0
50% COEG +

50% SFO 387+5.4 74.4+0.0
80% COEG +

20% SFO 513+1.9 78.6+0.0




Total phenolic content was calcuted from linear
regression equation at standard curve (y = 0.5240x, R?
=0.9902). Where x and y are concentration of gallic
acid as standard solution. Absorbance value of
phenolic compound in oil sample was measured at 700
nm. We found that total phenolic content in oil blend
samples were lower than coconut oil with extracted
ginger but higher than sunflower oil. Total phenolic
content in oil blend samples are increase when
increase the content of coconut oil with extracted
ginger. Therefore, total phenolic content in 80%COEG
+ 20%SFO (513 mg GAE/100g oil) is higher than in
50%COEG +50%SFO (387 mg GAE/100g oil) and
20%COEG + 80%SFO (274 mg GAE/100g oil) as
shown in Table 1. The antioxidant activity of oil
sample was determined by DPPH radical scavenging
activity assay. The DPPH radicalscavenging activity in
shown in Table 1.
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Figure 2 Total phenolic content of sample oils
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Figure 3 %inhibition of sample oils for 60 min

%Inhibition is a recommended criterion for
evaluation of effectiveness of antioxidants and stability
of oil sample. %Inhibition were 74.3, 74.4 and 78.6 for
20%COEG + 80%COEG, 50%COEG + 50%SFO and
80%COEG + 20%SFO blends oil, repectively. Which

increase the ratio of coconut oil with extracted ginger
in blends oil with increasing %inhibition. However,
%inhibition of these blends oil were higher than
sunflower oil, but lower than coconut oil with
extracted ginger. Coconut oil with extracted ginger in
blends oil increased the %inhibition at blends oil
reveals coconut oil with extracted ginger an increase in
stability of blends oil.

4. Conclusions

It was found that the oxidative stability and radical
scavenging activity of oil blends depended upon the
total phenolic content of the oil blends. The high total
phenolic content, would be high oxidative stability
and the high the DPPH scavenging activity.
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Abstract:

Citrus juices are the most popular fruits and juices
widely consumed around the world. Citrus belongs to
Rutaceae family that is cultivated in the tropical zone of
Southeast Asia. Our current life style has encountered
with free radicals and toxic metabolites in our body. Free
radicals have been reported to be responsible for several
diseases. Citrus juices contain biologically active
compounds which possess antioxidant activity. They are
essential components of functional food. Hence, the
objective of this study was to determine the total phenolic
content, total flavonoid content and the antioxidant
activity of six citrus juices obtained from the
supermarket in Chon Buri Province, Thailand: lime,
leech lime, mandarin, tangerine, pomelo and orange juice
concentrate. Antioxidant activity was measured by using
DPPH and superoxide radical scavenging methods.
Among the juices, lime juice had the highest content of
total phenolic and total flavonoid (10.75+0.01mg gallic
acid equivalent (GAE)/g sample and 34.18+9.69 mg
hesperidin equivalent respectively/g sample). Leech lime
juice had the greatest scavenging activity on DPPH
radical (ICsp= 2.21+0.81% (v/v)) whereas orange juice
concentrate had the highest inhibitory effect against
superoxide radical (1Csp= 0.25+6.41% (v/v)). In addition,
a correlation between the total phenolic contents and
superoxide radical scavenging activity was observed with
the correlation coefficient by 0.9854. The results revealed
that phytochemicals from citrus juices might be used as a
good source of natural antioxidant compounds.

1. Introduction

In recent years, clinical trials and epidemiological
studies have established an inverse correlation between
the intake of fruits and vegetables and the occurrence
of chronic diseases, the most prevalent causes of death
in the world. This protective effect has been attributed
to the antioxidant properties, which coordinate and
balance the body system to protect tissues and fluids
from damage by reactive species or free radicals [1].

Citrus fruits (Rutaceae family) are an important
source of antioxidants such as ascorbic acid,
carotenoids,  flavonoids, and other  phenolic
compounds, and also some essential minerals for
human nutrition. In Asian countries, citrus fruits, such
as lime (Citrus microcarpa and Citrus aurantifolia),
lemon (Citrus limon), and pomelo (Citrus grandis) are
widely available and regularly consumed as whole
fruits or fruit juices and preserved snacks. Among the
phenolic compounds, flavanones are the major group
found in citrus [2]. Various studies have shown that

intake of flavonones is associated with reduced risk of
developing coronary heart disease, degenerative
diseases and anti-carcinogenicity because of their anti-
lipid peroxidation [3-4].

The objective of the present study was to determine
the total phenolic content, total flavonoid content and
the antioxidant activity of six citrus juices obtained
from the supermarket in Chon Buri, Thailand: lime,
leech lime, mandarin, tangerine, pomelo and orange
juice concentrate. Such activity was performed using
DPPH and superoxide radical scavenging activity.

2. Materials and Methods

2.1 Sample Preparation

Pomelo juice (Citrus maxima (Burm.)), tangerine
juice (Citrus reticulata Blanco), mandarin juice
(Citrus reticulata) and orange juice concentrate were
purchased from supermarkets in Chon Buri province.
Lime juice (Citrus aurantifolia Swing.) and leech lime
juice (Citrus hystrix DC) were obtained from local
market at Chon Buri province. All juices were filtered
through Whatman No.1 (Figure 1). Then, the juices
were kept at 4°C until use.

Figure 1. Samples of citrus fruit juice: (from left to
right hand) pomelo, lime, leech lime, tangerine,
mandarin juices and orange juice concentrate.

2.2 Total Phenolic Content

The phenolic content was determined using Folin-
Ciocalteu as reactive reagent. The absorbance of the
sample was determined by a spectrophotometer at
765nm after it was incubated for 2h at room
temperature. The average of triplicate measurements
was used to calculate the phenolic content as mg gallic
acid equivalents (GAE)/ml samples. Gallic acid was
used for the preparation of standard curve.

2.3 Total Flavonoid Content

The flavonoid content was measured by a modified
aluminium chloride colorimetric method. The
absorbance was measured at 510nm. The measurement




was compared with a standard curve of hesperidin
solutions and expressed as mg hesperidin equivalent;
HE per ml sample.

2.4 DPPH Radical Scavenging Assay

The ability of citrus juices to scavenge
commercially available and stable free radical DPPH
was performed as the protocol mentioned by Aquino et
al. [5]. Briefly, 0.2mM 2,2-diphenyl-1-picrylhdrazyl
(DPPH) in methanol was prepared and each juice was
adjusted to different concentrations. The solution was
divided into 3 groups; group A: DPPH in methanol,
group B: citrus juice and DPPH, and group C: citrus
juice and distilled water. Then, all solutions were
incubated at room temperature and avoided from light
for 30min. the absorbance was measured at 517 nm
using a microplate spectrophotometer (VERSA max
Microplate reader, CA). The positive controls were
BHT and ascorbic acid. The antioxidant capacity was
expressed as %DPPH scavenging activity that
calculated by [A-(B-C)]/A x100 where: A = the Asi;
of DPPH in methanol, B = As;; of DPPH and sample,
C = A7 of sample and distilled water.

2.5 Superoxide Scavenging Activity

The superoxide anion scavenging activity was
carried out by the method described by Beissenhirtz et
al. [6] and it is based on the reduction of cytochrome c.
One ml of the extract was mixed with 1 ml of the
solution containing 0.07 units per ml of xanthine
oxidase, xanthine (c = 100 umol/l), and cytochrome ¢
(c = 50 pumol/l). After incubation at 20°C for 3 min,
the absorbance at 550 nm was determined. All tests
were performed in triplicate. The superoxide anion
scavenging activity was calculated as follows:
Scavenging activity (%) = [(Ao — A1)/Ag] x100 where:
A = absorbance of the control (without the sample)
and A; = absorbance of the mixture containing the
sample.

2.6 Statistical Analysis

The data were expressed as means + standard
deviations (SD) of three replicate determinations and
then analyzed by SPSS 11.5 for window. One way
analysis of variance (ANOVA) and the Turkey’s test
were used to determine the differences among means.
P values < 0.05 were regarded to be significant.

3. Results and Discussion

Table 1 shows total phenolic and total flavonoid
contents. Lime juice, leech lime juice and orange juice
concentrate contained higher contents of phenolic
compounds than pomelo, tangerine and mandarin
juices. A wide variation in the levels of polyphenols
and flavonoids was observed in the analysis. The
lowest level was observed in the mandarin juice

(5.71+0.01mg GAE/mI) and the highest in the lime
juice (10.75+0.01 mg GAE/ml) for total phenolic
content and the lowest level was observed in the
pomelo juice (0.84+0.13 mg HE/ml) and the highest in
the lime juice (34.18+9.69 mg HE/ml) for total
flavonoid content. Although citrus juices are
recognized as providing an important source of
vitamin C and phenolic compounds for human
nutrition, there are other parts of the fruit which also
contain these bioactive ingredients. However, these
other parts of the fruit are not recognized in nutrition
because they are generally the inedible components.
Xu et al. [7] found that phenolic compounds
dominated total antioxidant capacity of citrus fruits.
Most phenolic compounds contained in citrus juices
were flavonoid glycosides including hesperidin,
narirutin, naringin, neohesperidin and phenolic acids
such as caffeic acid, p-coumaric acid, ferulic acid,
sinapic acid, protocatechuic acid, p-hydroxybenzoic
acid, and vanillic acid.

Table 1. Total phenolic and flavonoid contents of
different citrus fruit juices.

Sample TPC TFC
mg GAE/ml mg HE/ml
Leech lime juice 10.63+ 0.00 29.27+7.31
Lime juice 10.75+ 0.01 34.18 £9.69
Pomelo juice 7.71£0.00 0.84+.013
Mandarin juice 571+ 0.01 1.16 +0.43
Tangerine juice 7.17 £0.00 1.43+0.05
Orange juice concentrate 10.57 £0.17 9.09 + 6.54

TPC = Total phenolic content, TFC = Total flavonoid
content, GAE = Gallic acid equivalent, HE =
Hesperidin equivalent

The antioxidant capacity of citrus fruits is an
important indicator of their in vitro potential as health
promoters. Several methods have been developed to
evaluate the antioxidant capacity of these fruits; for
instance, phenolics in fruits have been monitored
spectrophotometrically using the Folin—Ciocalteau
reagent. The antioxidant capacity by DPPH and
superoxide anion scavenging assays was selected to
determine the total antioxidant capacities of citrus fruit
juices. The results are shown in Tables 2-5.

Among the individual DPPH scavenging activity
detected in the citrus juices, Leech lime, lime and
pomelo juices exerted the most effective to scavenge
the free radical (IC5o = 2.21 £0.81, 5.63 + 1.47,5.90 +
0.29 %vl/v, respectively) (Table 4). This may be due to
its high contents of bioactive components. Flavanones
in citrus fruits were previously used as markers to
differentiate citrus varieties. The main flavanone
glycosides in oranges and mandarin species are
hesperidin and narirutin [8] that are able to act for this
inhibitory phenomenon.




Table 2. % DPPH scavenging activity of different citrus fruit juices.

%DPPH scavenging activity

Concentration

(% viv) Leech lime Lime ii Pomelo Orange Mandarin Tangerine
L ime juice P juice - L
juice juice concentrate juice juice
03 18.10£6.03  12.96+2.99  13.05+2.96  23.07£6.12 - -
0.6 29.74+13.60  16.06+3.64  13.27+0.74  24.51%9.39 - -
1.25 41.17+#12.90 22.02+5.43  20.60+0.82  25.97+8.80 - -
25 54.25+1.66  32.91%9.64 28.77£2.04  37.58+7.68 - -
5 87.77+597  49.25+18.85 45.35+0.50 61.65+8.72 - -
10 93.68+0.69  78.52+10.90 76.04+2.97 72.40+4.41  35.07+11.85  39.84+3.75
20 - - - - 56.55+12.43  51.72+5.42
40 - - - - 72.97+16.98  64.80+8.90
60 - - - - 83.76+9.47  75.99+4.42
80 - - - - 95.13+8.97  84.34+9.78
100 - - - - 96.28+10.89  87.21+10.28
Table 3. % Superoxide scavenging activity of different citrus fruit juices.
Concentration % Superoxide scavenging activity
% viv Leech lime Lime iui Orange juice Pomelo juice Mandarin Tangerine
g ime juice - A
juice concentrate juice juice
0.3 26.47+12.82 ND 56.85+14.36 - - -
0.6 37.47+9.99 8.70+11.94 59.12+14.26 - - -
1.25 47.93+7.76  16.81+12.15 67.47+13.96 - - -
25 65.01+4.28  35.88+11.64  76.18+21.38 - - -
5 79.33+1.52 62.42+8.99 80.29+20.87 - - -
10 97.23+0.14 83.92+4.46 99.70+24.04 23.60+13.34 ND ND
20 - - - 39.23+9.39 ND 14.30+4.18
40 - - - 49.50+18.91 21.74+2.02 41.93+3.73
60 - - - 68.05+13.10 36.43+0.68 55.18+4.50
80 - - - 73.61+12.12 50.43+3.53 67.21+5.25
100 - - - 88.53+6.72 62.20+4.22 80.16+3.95

ND = Not determined

Table 4. I1C5, of DPPH scavenging effect of different Table 5. ICsy of superoxide scavenging effect of

citrus fruit juices. different citrus fruit juices.
Sample (OAI) ?\5/‘;\/) Sample (%IJ ?\5/‘}\/)
Leech lime juice 2.21+0.81% Leech lime juice 1.96+1.74*
Lime juice 5.63 +1.47% Lime juice 4.94+1.04°
Pomelo juice 5.90 £ 0.29% Pomelo juice 40.27+12.51°
Mandarin juice 16.71 + 9.60° Mandarin juice 80.79+8.34°
Tangerine juice 17.50 +5.00° Tangerine juice 57.76+4.77°
Orange juice concentrate 4.95+0.61° Orange juice concentrate 0.25+6.41°
2" significantly difference at P < 0.05 " significantly difference at P < 0.05
Because superoxide is quite toxic, the alleviation 4. Conclusions
the toxicity by any compounds from edible plants is
very interesting challenge. The highest superoxide In conclusion, the antioxidant capacity of
radical scavenging activity of studied citrus juices was commercial citrus juices from local supermarket
observed in orange juice concentrate with ICsy = correlates both to phenolic and flavonoid constituents.
0.25£6.41 %v/v following by leech lime and lime There is increasing interest in the potential health
juices (ICsp = 1.96+1.74 and 4.94+1.04, respectively) benefits of natural antioxidants contained in this
(Tables 3 and 5) as they were the most enriched in commercial drinks but little is known about their
polyphenolic ~ compounds. Interestingly, the mechanism of actions. In this work, we have evaluated
correlations between antioxidant capacities and the bioactive ingredients and their functional assays to
bioactive compounds of commercial citrus juices were provide information on the antioxidant properties. We
observed (Figures 2A and 2B). show that experimental approaches could be

complementary for the screening of commercial citrus
juices that are good candidates for disease prevention.
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Abstract

Lipid oxidation and auto-oxidation are major
causes of deterioration in the quality of the foods in
which they are contained and the reduction in their
nutritional value is one of the major factors in
deterioration during the food storage that involves a
lot of degenerative diseases. The oxidation of
polyunsaturated fatty acids leads to serious damage
such as coronary, atherosclerosis, emphysemas, and
cancers. In this study, to elucidate the storage effect
at room temperature in darkness of Pluchea indica
Less. (Indian marsh fleabane) tea powder on the lipid
peroxidation, the thiobarbituric acid reactive
substance (TBARS), conjugated diene (CD), peroxide
value (PV) assays were investigated and the total
phenolic and total flavonoid contents were also
determined. The result showed that the storage effect
had influenced to markedly elevate the oxidation of
lipid. However, TBARS and CD values could be
strongly attenuated by Pluchea indica Less. tea in
dose-dependent manner. ICs, against TBARS of
extract during 2 months was observed with the
significant value by 0.0427 mg/ml for initial time and
0.0111 mg/ml after 2 months, respectively whereas
CD during 2 months could be moderately reduced
from 60.31% to 46.38% and PV values at 48h could
be effectively diminished from 97.65% to 83.22% at
the highest concentration, respectively. In addition,
total phenolic content of tea extract after 2 months of
storage time significantly decreased to 544.28+0.01
mg gallic acid equivalent/g sample and the increase
of total flavonoid content of tea extract during 2
months were observed (482.76+0.001 mg quercetin
equivalent/g sample). Therefore, the oxidation of
lipid significantly elevated in dose-dependent manner
for a long period of the storage. Nevertheless,
Pluchea indica Less. tea could efficiently inhibit the
lipid peroxidation. Eventually, it may be used to
consume as a healthy food.

1. Introduction

The auto-oxidation of fats is a big problem because
of the deterioration in the quality of the foods in which
they are contained and the reduction in their nutritional
value. The oxidation of polyunsaturated fatty acids leads
to serious damage such as coronary atherosclerosis,
emphysemas, cancer and cirrhosis [1]. Safeguarding fats

against oxidation is normally done by restricting the
access of oxygen or adding antioxidants. The most
commonly applied antioxidants are synthetic phenols
such as butylated hydroxytoluene and butylated
hydroxyanisole (BHA). However, the demand for
natural antioxidants has recently increased because of
the toxicity and carcinogenicity of synthetic antioxidants
[2]. Thus, there is an increasing interest in finding
natural herbal plants that show high antioxidant activity.
Several studies have documented the effectiveness of
antioxidative components in herbal plants such as
flavonoids, phenolic or polyphenolic and related
compounds for the prevention of lipid oxidation [1].

Pluchea indica Less. (Indian March Fleabane) is
commonly known in Tha as “Khlu” is taxonomically
classified in the Compositae (Asteraceae) family has
been used as a therapeutic agent such as anti-
hypertensive, anti-diabetic, anti-cardiovascular, diuretic,
anti-inflammatory, and anti-hemorroidal activities [3]. In
this study, we are interested in this herbal tea on the
storage effect at room temperature in darkness of lipid
peroxidation and the total flavonoid and total phenolic
determination.

2. Materials and Methods

2.1 Preparation of plant extract

Pluchea indica Less. (Indian March Fleabane) leaves
tea imported from Thason community enterprises,
Chanthaburi Province, Thailand. Then it was cut to a
smaller size particle using a grinder (Moulinex, Type
MCU 1A, France). The P. indica tea (dried leaves) will
be ground into a fine powder. Powder (100 g) was
mixed with boiling distilled water (1L) and further
heated (90-95 °C) for 30 min. [4]. In addition, in order to
investigate the inhibitory effect of Pluchea indica Less.
Tea on the lipid peroxidation during storage, it was
ground into a fine powder and storage at room
temperature in the darkness for 2 months. After that the
tea was weighed and kept at -20 °C in an airtight
container until use.

2.2 Oil emulsion preparation

Oil emulsions were prepared by mixing 0.285 g of
oil, 0.289 g of Tween20 as emulsifier and 50 ml
phosphate  buffer (pH7.2). The mixture was
homogenized for 5 min according to Stoilova’s method
[5]. The P. indica tea was added at the final




concentrations of 0, 0.0313, 0.0078, 0.0156, 0.0313 and
0.0625 mg/ml of dry extract. The mixture was incubated
in an oven at 60°C for 0, 24, 48 and 72h, respectively.
The course of oxidation was monitored by measuring
conjugated dienes (CD) formation, peroxide value (PV)
and thiobarbituric acid reactive substances (TBARS).

2.3 Determination of total phenolic content

The total phenolic content was determined using
Folin—Ciocalteu reagents with analytical grade gallic
acid as standard. One ml of extract or standard solutions
(02 mg/ml) was added to 10 ml deionized water and
0.125 ml of Folin—Ciocalteu phenol reagents. After 6
min, 1.25 ml of 7% sodium carbonate was added to the
mixture. After 1.30h in darkness, the absorbance at 700
nm was measured. The concentration of total phenols
was expressed as gallic acid equivalent/g sample [6].

2.4 Determination of total flavonoids content

Total flavonoids were measured by a colorimetric
assay with some modification. 0.5 mL of sample or
standard solutions of quercetin (0 —0.04 mg L-1, Sigma-
Aldrich, St Louis, MO) was added to 2 mL H,0O in a 10
mL volumetric flask. At zero time, 0.15 mL of 5%
NaNO, was added to the flask. After 5 min, 0.15 mL
AICI; (10%) was added to the mixture and immediately
diluted with 2.2 mL of H,O. Absorbance of the mixture
was read at 510 nm with methanol used for the blank.
Total flavonoids were expressed as mg quercetin
equivalents/g of dry matter [6].

2.5 Determination of conjugated dienes formation (CD)
Aliquots 0.02 ml of the emulsion in 2.2 was taken at
different intervals during incubation. After incubation, 2
ml of methanol in deionized water (60%) was added,
and the absorbance of the mixture was measured at 233
nm. The conjugated dienes concentration was expressed
in mg/ml in each sample. The results were calculated as
% inhibition on CD = B x v/wt x 100; where B is the
absorbance reading, v denotes the volume (ml) of the
sample and wt is the mass (mg) of emulsion measured

[71.

2.6 Determination of peroxide value (PV)

Peroxide value was determined according to AOAC
method 965.33 (Association of Official Analytical
Chemists, 1995) and expressed as mg /g emulsion of
sample [8].

2.7 Determination of thiobarbituric acid reactive
substances (TBARS) [9].

Thiobarbituric acid reactive substances (TBARS)
method was used to measure the antioxidant activity of
Pluchea indica Less. in terms of inhibition on the lipid
peroxidation. 0.2 ml of sample from oil emulsion and
the following reagents were sequentially added: 400 pl
TBAVtrichloroacetic acid (TCA) solution (20 mM TBA
in 1.5 g/lL TCA) and 6 ul BHT (50 mM BHT in 70%
ethanol). The mixture was heated in a 95°C water bath
for 15 min and cooled in ice; the mixture was then
mixed and centrifuged at 950 rpm for 10 min. The
supernatant was separated and the absorbance of the

supernatant was measured at 535 nm in UV-visible
spectrophotometer. Malondialdehyde (MDA) standard
curve was prepared with different concentrations and
TBARS were expressed as mg MDA/g dry matter.

3. Results and Discussion

It is known that plant phenolic compounds constitute
one of the major groups of compounds acting as primary
antioxidants or free radical terminators. Flavonoids are
phenolic compounds mainly present in plant and
conserved in plant-derived foods. Flavonoids and
phenolic compounds can act as antioxidant by a number
of potential pathways. The most important is likely to be
by free radical scavenging in which the polyphenol can
break the free radical chain reaction. The P. indica tea
extract had the total phenolic content during storage for
2 months were also evaluated by 781.5 + 0.57, from the
initial time to 544.28+0.01 mg gallic acid equivalent/g
sample and total flavonoid content during storage for 2
months were also evaluated by 188.75 + 0.002, from the
initial time to 482.76+0.001 mg quercetin equivalent/g
sample, respectively. From the test, it was found that the
total phenolic and total flavonoid content was
significantly influenced by different concentrations of
tea extract. Therefore, the total phenolic content
decreased with storage time and total flavonoid content
significantly elevated in dose-dependent manner for a
long period of the storage time. [10].

To complete the study of the storage effect at room
temperature in darkness on the antioxidant behavior, it is
necessary to evaluate the inhibition of lipid peroxidation
in a model similar to those found in foods. Then, several
concentrations of Pluchea indica Less. tea stored for 1-2
months were tested in oil emulsion and lipid oxidation
with different indicators (conjugated dienes formation,
peroxide value and TBARS formation). The
concentration of conjugated diene increased during
storage time (0-72h). Interestingly, the inhibition of the
CD after the addition of the tea extract was observed.
The percentage of inhibition on the CD formation during
the storage time were 54.59%, 60.31% extract
concentration 0.0625 mg/ml of storage for 0 month at
initial time and after 72h of incubation, respectively and
27.93%, 46.38% after 2 months of storage time, when
incubated at 0 and 72h, respectively (Fig. 1). Therefore,
P. indica tea extract does not affect to the inhibition of
CD formation during 2 months of storage time.
However, P. indica tea extract can inhibit of CD during
storage time.




Figure 1. Percent of inhibition on the lipid oxidation
measured as CD of Pluchea indica Less. tea extract
according to the storage time (0, 2 months), when
incubated at 0 and 72h.

In case of the peroxide development in the emulsion
system, this value was strongly influenced by the
addition of the P. indica tea extract during the entire
test. Fig. 2 showed the percents of inhibition to the lipid
oxidation affected by the storage time. The PV was
measured by 91.11%, 97.65% at initial time and 72h of
incubation time, respectively. After 2 months of storage
time, these values appeared by 92.88%, 83.22% when
incubated at 0 and 72h, respectively. The result showed
that percents of inhibition on the peroxide values could
be strongly attenuated by P. indica Less. tea in
concentration dependent manner during 2 months of
storage.

Fig. 2 Percent of inhibition on the peroxide value of
Pluchea indica Less. tea extract according to the storage
time (0, 2 months) when incubated at 0 and 48h.

TBARs analysis expresses the formation of
secondary products of lipid oxidation, mainly
malondialdehyde, which may contribute off-flavour to
oxidized oil. The analysis of variance for the TBARs
data indicates that the TBARs values were relatively
affected between the control and samples that treated
with the wvarious antioxidants throughout storage
(Fig. 3). The result showed that the storage effect had
influenced to markedly elevate the oxidation of lipid.
However, TBARS could be markedly attenuated by
Pluchea indica Less. tea in concentration-dependent
manner. 1Csq against TBARS of extract during 2 months
was observed with the significant value by 0.0427,

0.0111 mg/ml for 0 and 2 months, when incubated at 0,
24, 48, and 72 h, respectively.

TBARSs value (ng MDA/mg of
emulsion)

0 0.0039  0.0078 0.0156 0.0313  0.0625

Concentration (mg/ml)

[A]

[B]

Fig. 3 Effect of Pluchea indica Less. tea extract at
different amounts during storage at 60°C against TBARs
value according to the storage time, [A] effect of the
amount of TBARS tea extract storage for 0 month, [B]
effect of the amount of TBARS tea extract storage for 2
months.

4, Conclusions

In this study, It showed antioxidant activities on the
inhibition of lipid peroxidation of Pluchea indica Less.
tea to support the use P. indica Less. herbal tea for
healthy benefits particularly in order to protect the lipid
peroxidation-related disorders. The oxidation of lipid
significantly elevated in dose-dependent manner for a
long period of the storage of P. indica Less. tea .
Nevertheless, P. indica Less. tea could efficiently inhibit
the lipid peroxidation. Eventually, it may be considered
to consume as a healthy food.
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Abstract: The genus Clerodendrum is ubiquitous
throughout Thailand and traditionally used as medicinal
plants for inflammatory related diseases. This study
focused on the antioxidative capacity and anti-
inflammatory activity of both polar (ethanol) and non-
polar (hexane) solvent extracts from stem, branch and
leaf of C. disparifolium Blume. The extracts were assessed
for their antioxidant using different in vitro assays i.e.
Folin-Ciocalteu assay (phenolic content), aluminium
chloride colorimetric assay (flavonoid content), ferric
reducing antioxidant power assay (FRAP) and lipid
peroxidation assay using ferric thiocyanate (FTC) and
thiobarbituric (TBA) methods and for their anti-
inflammatory  activity against lipid peroxidation
catalyzed by soybean lipoxygenase. Both ethanol and
hexane extracts from stem, branch, leaf of C.
disparifolium provided the phenolic content, flavonoid
content more than 990 mg GAE/g of dry extract and 10
mg QE/g of dry extract, respectively. FRAP of different
extracts increased with the concentration of the extract,
which correlated with the amount of antioxidants. In
FTC method, the inhibition of the hexane stem extract
showed the maximum inhibition of 73.58% at 2 pg/mL,
whereas the ethanol branch extract provided maximum
inhibition of 99.37% at 40 pg/mL by TBA method. In
addition, hexane stem extract possessed the greatest anti-
inflammatory activity with 1Cs, value at 35.36 pg/mL.
The results obtained in the present study indicate that C.
disparifolium can be a potential source of antioxidant and
anti-inflammatory agents.

1. Introduction

Oxidative stress and inflammation underlie the
pathogenesis  of illnesses.  Physiological and
biochemical processes in the human body may
produce free radicals as byproducts, which can cause
oxidative damage to biomolecules leading to various
diseases [1]. A number of species in the genus
Clerodendrum (family Lamiaceae) were widely
documented in indigenous systems of medicine
throughout the world especially Asian and African
continents [2]. The presence of antioxidant and anti-
inflammatory molecules in these plant species was
considerably evident their beneficial actions that led
researchers to investigate plant extracts targeting their
activity. Antioxidant activity could be characterized
with in vitro assays i.e. Folin-Ciocalteu assay
(phenolic content), aluminium chloride colorimetric
assay (flavonoid content), ferric reducing antioxidant

power assay (FRAP) and total antioxidant activity
using ferric thiocyanate (FTC) and thiobarbituric
(TBA) methods [3]. Whereas anti-inflammatory
activity was tested against lipoxygenase, which is
classified as the lipid-peroxidizing enzymes being
involved in the progression of inflammation. It
catalyzes the oxygenation of polyunsaturated fatty
acids to the corresponding hydroperoxy derivatives
and this reaction involves the formation of radical
intermediates [4-5].

As  mentioned  previously,  Clerodendrum
disparifolium Blume was selected to evaluate the
antioxidant and anti-inflammatory activities using
polar and non-polar extracts from stem, branch and
leaf. The extracts were supposed to demonstrate
molecules that could scavenge radicals and inhibit
lipoxygenase that may partly explain the health
attribute.

2. Materials and Methods

2.1 Chemicals

Ammonium thiocyanate, butylated hydroxytoluene
(BHT),Folin-Ciocalteu's reagent, sodium
tetraboratedecahydrate, quercetin dehydrate,

indomethacin, 2-thiobarbituric acid were all purchased
form Sigma-Aldrich (St. Louis, MO, USA).
Methanol, ethanol and hexane were purchased from
J.T. Baker (NJ, USA). Iron (Il) chloride (FeCly)
tetrahydrate, linoleic acid and hydrochloric acid were
purchased from Fluka (Buchs, Switzerland). Potassium
dihydrogen orthophosphate, orthophosphoric acid,
sodium hydroxide, potassium ferricyanide, sodium
carbonate anhydrous and aluminium chloride (AICIy)
were purchased from Ajax Finechem (NSW,
Australia). Gallic acid, calcium acetate
monohydrate,trichloroacetic acid, iron(lll)chloride
(FeCl;) hexahydrate, 5-lipoxygenase and boric acid
were purchased from Ascros organics (Geel, Belgium),
POCH S.A. (Gliwice, Poland), Unilab (General
Santos, Philippines), LOBA Chemie (Mumbai, India),
TCIl (Tokyo, Japan) and RCI Labscan (Bangkok,
Thailand) respectively.

2.2 Instrumentation
All spectra and absorbance measurements were
made on UV-Vis spectrophotometer Evolution 600




UV (Thermo Scientific, USA) and microplate UV-Vis
spectrophotometer Infinite M200 (TECAN®, USA).

2.3 Preparation of plant extract

C. disparifolium was taken from middle part of
Thailand.separated part of freshly stem, branch and
leaves were washed, cut into small pieces, air-dried
and crushed into powder.The sample powder was
extracted with ethanol and hexane by maceration at
room temperature for 72h. After filtering and
evaporating to dryness, the crude extracts were
obtained.

2.4 Total phenolic content

Total phenolic content was determined by Folin-
Ciocalteu method [6] using gallic acid as a standard.
Briefly, 125 uL of 2 mg/mL plant extract was mixed
with 2.5 mL of 2.0% sodium carbonate. Then, 125 uL
of Folin-Ciocalteu reagent was added and placed at
room temperature for 30 min. The absorbance was
measured at 680 nm against a reagent blank.

The standard curve of gallic acid was established
and total phenolic contents were calculated and
expressed in terms of mg gallic acid equivalent (GAE)
/g of dry extract.

2.5 Total flavonoid content

Determination of the total flavonoid content in the
plant extracts was carried out using aluminium
chloride colorimetric method [7].0.5 mL of 2 mg/mL
plant extract, 0.5 mL of 1.2% AICI; ethanol solution
and 0.5 mL of 0.12 M calcium acetate were mixed at
room temperature for 30 min. A yellow colour
indicated the presence of flavonoids. The absorbance
was measured at 430 nm against a reagent blank.

The calibration of quercetin was established and
total flavonoid contents were expressed in terms of mg
quercetin equivalent (QE) /g of dry extract.

2.6 Total reductive capability

The Fe*'reductive capability of all extracts were
determined using Oyaizu method [8]. One mL of C.
disparifolium extracts (500-1500 ug/mL) were mixed
with 2.5 mL of 0.2 M phosphate buffer (pH = 6.6) and
2.5 mL of 30 mM potassium ferricyanide. The mixture
was incubated at 50° C for 20 min. After incubation,
2.5 mL of 0.6 M trichloroacetic acid was added, and
the mixture was then centrifuged at 3000 rpm for 10
min. 2.5 mL of the supernatant was transferred to mix
with 2.5 mL of distilled water and 0.5 mL of 6 mM
FeCl;. The absorbance was measured at 700 nm
against a blank.

2.7 Total antioxidant activity
2.7.1 Ferric thiocyanate (FTC) method

The antioxidant activities of C. disparifolium
extracts were determined according to the FTC method
[9] with slightly modification. 2 mL of 1mg/mL
extracts, 2.05 mL of 80 M linoleic acid in 99.5%
ethanol, 4 mL of 50 mM phosphate buffer (pH 7.0),
and 1.95 mL of water were transferred to a vial and
placed in an oven at 40°C protecting from light until

use. 0.1 mL of the reaction mixture was transferred
and mixed with 9.7 mL of 75% ethanol and 0.1 mL of
3.9 M ammonium thiocyanate. Then, 0.1 mL of 20
mM ferrous chloride in 3.5% HCI was added to the
reaction mixture. Absorbance of the developed red
colour solution was measured in 3 min at 500 nm
every 24 h until 1 day after the absorbance of the
control reached its maximum. The percent inhibition
of linoleic acid peroxidation was calculated according
to the following equation:

% Inhibition of linoleic acid = 100-[(Asmpte / Acontror)
x100]

Where Acnror 1S the absorbance of the control
(containing all reagents except the tested compound)
and Agmple 1S the absorbance of tested compound.

2.7.2 Thiobarbituric acid method

Two mL of 1.2 M trichloroacetic acid and 2 mL of
46 mM TBA were added to 1 mL of extracts prepared
according to the FTC method. The solution was boiled
for 10 min and cooled before centrifugation at 3000
rpm for 20 min. The absorbance of supernatant was
measured at 532 nm. Antioxidant activity was based
on the absorbance on the final day of the FTC method.
The percent inhibition of linoleic acid peroxidation
was calculated using the same equation as the FTC
method [9-10].

2.8 Anti-inflammatory activity

Anti-inflammatory assay was studied using 5-
lipoxygenase enzyme and linoleic acid as substrate and
[12]. Test solution was dissolved in 25 uL of 2M
borate buffer pH 9.0 and added 25 uL of lipoxygenase
solution (20,000U/mL). The solution was incubated at
25°C for 5 min. After which, 100 uL of linoleic acid
solution (0.6 mM) was added, mixed well and
absorbance was measured at 234nm. Indomethacin
was used as a reference standard. The percent
inhibition was calculated from the following equation:

% inhibition = [(Acontrol — A sample)/A control] X100

A response curve was plotted to determine the 1Cs
values. ICx is defined as the concentration sufficient
to obtain 50% of a maximum anti-inflammatory
activity. All determinations were performed in
triplicates.

3. Results and Discussion

3.1 Total phenolic and flavonoid content
The quantitation of phytochemical constituent (i.e.

total phenolic and flavonoid contents) of C.
disparifolium ethanol and hexane extract is shown in
Table 1. Generally, plant phenols and flavonoids are
highly effective free radical scavenging and
antioxidant. Both ethanol and hexane extracts from
selected parts of C. disparifolium provided the
phenolic content and flavonoid content in the range of
990-1992 mg GAE/g of dry extract and 10-82 mg




QE/g of dry extract, respectively. Among all the
extracts, hexane branch extract showed the highest
amount of phenolic compounds, whereas ethanol
branch extract exhibited the highest amount of
flavonoid contents.

3.2 Total reductive capability

Reducing power assay is utilized to measure the
reductive ability of antioxidantand evaluated by the
transformation of Fe (I11) to Fe (1) in the presence of
the sample extracts [13]. The reducing power of C.
disparifolium extracts is shown in Figure 1. The higher
absorbance of the reaction mixture indicated the
greater reducing power. Reducing abilities of all
extracts increased with increasing in the concentration
of extracts.
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Figure 1 Antioxidant activity of C. disparifolium
extracts of stem, branch and leaf using reducing power
assay.

3.3 Total antioxidant activity

The total antioxidant activities of the C.
disparifolium extracts were evaluated by the FTC and
TBA methods. These methods based on the inhibitory
activity against lipid peroxidation, which determined
the FTC and TBA reactive substances obtaining in the
reaction.

ammonium thiocyanate and generated FTC in a red
colour. C. disparifoliumextracts at concentration of 2
png/mL exhibited mild to moderate activity (9.98%-
73.58 %) against linoleic acid oxidation (Table 1) and
the hexane stem extract showed the highest inhibition
of 73.58%.

3.3.2 Thiobarbituric acid (TBA) method

TBA method measured the total peroxide content,
which produced from the final stage of lipid
peroxidation. Analyses of C. disparifolium extracts at
the concentration of 40 pg/mL shows good inhibitory
activity against linoleic acid oxidation with 53.72-
99.37 %inhibition (Table 1). The ethanol branch
extract provided maximum inhibitory activity while
the ethanol stem extract offered the minimum
inhibition.

In comparison, the antioxidant (%inhibition) of all
extracts obtained from TBA method was higher than
that of FTC method. This might suggest that the
amount of peroxide in the initial stage of lipid per
oxidation is less than the amount of peroxide in the
final stage. Furthermore, the final product is much
more stable for a period of time [14].

3.3.3 Anti-inflammatory activity

All extracts except the hexane leaf extract
displayed promising 5-lipoxygenase inhibitory activity
with 1Cs values less than 96 pg/mL (Table 1). Both
hexane and ethanol branch extracts generated the
greatest inhibition capacity with 1Cs, values of 35.36
and 41.76 pg/mL, which correlated the total phenolic
content. Whereas, the hexane leaf extract showed the
lowest %inhibition. The results was comparable to the
standard indomethacin  (IC50=48.65ug/mL)  that
inhibited the formation of lipoxygenase products.

Table 1 Total phenolic and flavonoid contents, total antioxidant activity and anti-inflammatory activity of C.

disparifoliumextracts

*Extract: SH = hexane stem extract; SE = ethanol stem extract; BH = hexane branch extract; BE = ethanol
branch extract; LH = hexane leaf extract; LE = ethanol leaf extract

**ETC method = Ferric thiocyanate method
***TBA method = Thiobarbituric acid method

peroxide at the beginning of lipid peroxidation, in
which it reacted with FeCl,and subsequently produced
ferric ions (Fe*"). Then, ferric ions reacted with

4. Conclusions
C. disparifoliumstem, branch and leaf extracts of
different polarity (hexane and ethanol) composed of




varied total phenolic and flavonoid contents. These
phytochemical contents determined the antioxidant
potential of the extracts. The total antioxidant activities
of the C. disparifolium extracts were also evaluated by
the FTC and TBA methods that based on the inhibitory
activity against lipid peroxidation. The hexane stem
extract and the ethanol leaf extract showed the highest
antioxidant activity. All extracts displayed good
reducing power. They were also able to inhibit lipid
peroxidation catalyzed by 5-lipoxygenase. The extract
with highest amount of phenolics was better inhibit
lipoxygenase. The presence of extracts is able to
scavenge radicals and inhibits lipoxygenase, which
would benefit in health in particular as antioxidant and
anti-inflammation.
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Abstract: The effects of y-radiation on EPR spectra from
the two most abundant kaolin deposits in Thailand
(Ranong in the south and Lampang in the north) are
reported and compared with the free radical signals in
the natural kaolin samples, where they are assumed to
arise from the long-term accumulation of radiation
damage centres. The results show that in addition to a
dose-response effect of radiation exposure, there are
appreciable qualitative differences between the natural
and newly-produced free radical centres in the two
deposits. Thus such minerals offer the potential to
distinguish between recent and ancient radiation
exposure, although their sensitivities are strongly
influenced by the mineral crystallinity. The potential use
of EPR measurements of free radical centres in kaolin
minerals is discussed in the context of assessment of
recent mineral exposure to y-radiation as could occur in
the event of a nuclear accident.

1. Introduction

Kaolins are a common group of 1:1 layer silicate
minerals in which the individual layers are formed by
a combination of a sheet of SiO, tetrahedra and a sheet
of AlOg octahedra. The various minerals within this
group, namely kaolinite, dickite, nacrite, and
halloysite, are distinguished by the stacking order of
these layers and whether or not water is incorporated
between them. The kaolin group minerals occur on all
continents, and are used extensively, especially in the
manufacture of paint, paper, and ceramics.

Natural kaolin samples usually contain stable free
radical centres that can be detected by electron
paramagnetic resonance (EPR) spectroscopy, and these
radicals are associated with electronic defects in the
oxygen framework of the minerals that are created by
reactions with natural y-radiation. Since the intensity
of the EPR signal is proportional to the cumulative
radiation exposure to which the mineral has been
subjected, the kaolin minerals could act as natural
dosimeters to measure environmental radiation
exposure over geological time periods. More than 20
years ago, Muller et al. [1] reported that kaolinite
produced three clearly-defined paramagnetic defect
centres (called A, A’, and B) on exposure to v-
radiation, and that these “effectively reflected the
cumulative radiation dose”. These radiation-induced
radicals had different stabilities, and only the A-centre
was reported to be stable over geological time periods.
On the basis of these results, Muller et al. proposed

that the different types of defect centre in kaolinites
may “form arecord of successive irradiations linked to
geochemical conditions prevailing during and after
kaolinite formation”, since they can be considered as
being formed during different time periods. Therefore,
kaolinite could represent a sensitive in situ dosimeter
with the ability to be used for tracing the dynamics of
radionuclide transfer in the environment, and it was
suggested that the distribution of the paramagnetic
defect centres in kaolinites could also be used for
assessing the safety of nuclear wastes disposed of in
geological settings that contain kaolinites.

The kaolin minerals have diverse compositions and
variations in structural order [2], which might be
expected to influence both the chemical nature and
stability of free radical centres in their structures.
Recently, Worasith and Goodman [3] reported major
qualitative variations in the EPR spectra from free
radical centres in natural kaolins from different parts
of the World, a result which appears to confirm that
kaolin minerals from different deposits respond
differently to radiation exposure. As a consequence,
the current work was undertaken to measure the
responses of the minerals from the two major kaolin
deposits in Thailand to controlled additional radiation
dosages. However, instead of simply finding increases
in intensity of the free radical signals that are seen in
natural kaolin samples, the presence of different
signals was also observed. The present paper describes
the qualitative characteristics of these free radical
spectra determined using EPR spectroscopy, and
discusses the abilities of these samples to discriminate
between historical and recent damage to the mineral
structure. Finally, there is a discussion of the potential
of these kaolins to be able to determine the cumulative
radiation exposure that a soil could have received as a
result of a nuclear accident.

2. Materials and Methods

2.1 Kaolin samples

Ranong kaolin was obtained from the Had Som
Pan District, Muang, Ranong, Thailand. It is believed
to have been formed by the hydrothermal alteration of
granite [4], and contained both kaolinite and halloysite
[5]. Lampang kaolin was obtained from the Ban Sa
District, Jae Hom, Lampang, and is composed of
weathering products of rhyolite in siltstone, sandstone
and shale [4] with quartz as an impurity. Both kaolin




samples were washed with distilled water and dried in
an oven at 100 °C for 24 h before use. Additional
samples were prepared by (i) extraction with oxalic
acid to remove poorly crystalline iron oxides
associated with the kaolin minerals, or (ii) with the
Lampang sample, grinding to damage the long-range
order of the mineral structures. Grinding was
performed as described by [5] in a Retsch stainless
steel planetary ball mill for 1 hour with a rotation
speed of 300 rpm using a weight ratio of balls to
kaolin of 30:1.

2.2 Radiation treatment

Irradiation of samples was performed with v-
radiation from a Co-60 source housed in a Gammacell
220 SN 189R (MDS Nordion, Canada) (source activity
375.6 TBq in March 2010). The irradiation dose rate
was 2 Gy/sec, and samples were prepared with
received dosages of 10, 25, or 100kGy.

2.3 EPR measurements and spectral analysis

EPR spectroscopy was performed at X-band
frequencies using a Bruker BioSpin, model A300
spectrometer equipped with a Gunn diode microwave
bridge and an ER 4102ST rectangular cavity. Spectra
were acquired at ambient temperature as 1% derivatives
of the microwave absorption from 50-70 mg of sample
(accurately weighed) using the following acquisition
parameters: microwave power, 2 mW; centre field,
3520 gauss; sweep width, 200 or 300 gauss;
modulation  frequency, 100 kHz; modulation
amplitude, 3 gauss; conversion time, 81.92 ms; time
constant, 81.92 ms; resolution 1024 points, 10 scans;
the receiver gain was adjusted as appropriate. Spectral
intensities (SI) were calculated by double integration
of the 1% derivative spectra, after correcting for any
baseline non-linearity, and relative free radical
concentrations were calculated as SI/(W x G), where
W = sample weight and G = receiver gain

3. Results and Discussion

The paramagnetic A-centre is characterized by an
anisotropic EPR spectrum with g, = 2.050 and g, =
2.008, and is thought to originate from defects on the
oxygen atoms linking the octahedral and tetrahedral
sheets [6]. There is also strong evidence that this free
radical centre is associated with the boundaries of
clusters of trioctahedral cells in the normal
dioctahedral structure [7,8]. Usually, the A-centre
shows no evidence of hyperfine structure (hfs) (from
interaction of the unpaired electron with a nucleus with
non-zero spin), although there is one report of several
peaks with separations of ~2.3 gauss on the g, feature
of a sample from Georgia, USA [3]. These peaks
probably correspond to hfs from #’Al atoms, which
have nuclear spin | = 5/2, and hence produce sextet
patterns in the EPR spectra. However, its magnitude is
much smaller than for 2’Al in the B-centre (see below).

The EPR spectrum of the B-centre contains
extensive  hfs, although overlap with other

paramagnetic components sometimes prevents its
resolution. However, in Q-band spectra Clozel et al
[9,10] resolved 11 peaks with separations in the range
7.1-8.4 gauss from this resonance; thus it corresponds
to two Al atoms interacting with the unpaired
electron. There is currently no definitive evidence for
the location of the B-centre radical, which could in
principle be associated with (deprotonated) surface
oxygen atoms on the octahedral sheet or oxygen atoms
linking the octahedral and tetrahedral sheets.

In addition to the paramagnetic defect centres, the
EPR spectra of kaolin group minerals contain
components from various transition metal ions, usually
Fe(lll) along with some V(IV), Mn(ll), Mn(lV), or
Cu(ll) ions. The EPR spectra from the metal ions in
the Ranong and Lampang kaolins have been described
previously [3,5]; they are not of specific concern in the
present work, except for the relationship between the
Fe(l11) (g=4.3) signal and structural order [11.12].

The Fe(lll) signals indicate that the Lampang
sample is poorly ordered, whereas the Ranong sample
has a much higher degree of structural order. This
structural difference could influence the ability of the
minerals to stabilize radiation-induced defects, and
some differences in the free radical signals are
observed Fig. 1(a, ¢). Although the spectra from both
samples can be interpreted primarily in terms of a
combination of A- and B-centres, the differences
between the spectra in Figs. 1(a, ¢) suggests that either
these kaolin samples have experienced a different
radiation history, or they respond differently to
exposure to y-radiation.

Figure 1 EPR spectra of kaolin samples.

The free radical spectra observed after exposure of
these kaolin samples to y-radiation from Co-60 (100
kGy) are presented in Fig. 2. Major differences are
observed in the qualitative composition of these
spectra both respect to one another and to the
corresponding unirradiated natural samples. With the
Ranong sample there was a large increase in the
intensity of the signal from the B-centre, 8 peaks of
which are clearly resolved with separations of ~7.5
gauss in Fig. 2(a). This result is similar to that
reported for kaolinite irradiated with a-particles [13].




In contrast, the Lampang sample showed only minor
changes in the A- and B-centres on irradiation, but it
produced a completely new signal, which we refer to
here as the C-centre. This shows several peaks with
separations of ~21 gauss to the low and high field
sides of the A-centre, and these probably correspond to
an extensive hfs pattern, the central region of which is
obscured by resonances from the A- and B-centres.
This hfs almost certainly originates from Al atoms,
since these are likely the only atoms with appropriate
nuclear spin that are present in the mineral in
significant quantities.

Figure 2 EPR spectra of kaolin samples after 100 kGy
radiation dosage.

Close inspection of the spectrum from the natural
Ranong sample shows that the high field peaks of the
C-centre are also present, but the low field peaks are
obscured by the intense B-centre resonance.
Identification of the C-centre is difficult to make from
these data, but the observed peaks are consistent with
an 11-peak hyperfine structure, such as would occur
with two equivalent *’Al atoms. This pattern is then
similar to that from the B-centre, but the much larger
hfs from the C-centre indicates that it has a
correspondingly greater unpaired electron density on
the Al atoms. Also, its absence from the natural
samples indicates that the C-centre is less stable than
either the A- or B-centres.

Because of the presence of 2’Al hfs in each case,
both the B- and C-centre radicals are likely to be
located on oxygen atoms that are bound to aluminium
atoms in the octahedral sheet. Therefore, it seems
plausible that the B- and C-centres correspond to
defect centres located on bridging and surface oxygen
atoms, respectively. Surface radicals might be
expected to be less stable than those associated with
oxygen atoms bridging the octahedral and tetrahedral
sheets, because of the possibility of direct interaction
with O, and other paramagnetic species in the
environment. However, it is not clear why the relative
levels of production of these two centres by y-
irradiation should be so different for these two kaolin
mineral samples.

Since the Fe(lll) EPR signals indicated that the
Ranong kaolin has a much greater degree of order than
that from Lampang, the effects of chemical and
physical treatments on the subsequent generation of
free radicals on irradiation were also investigated.
Deferration by extraction with oxalic acid removed
some of the background signal from magnetically
interacting Fe(l11) ions, but had essentially no effect on
the free radical signals, either before or after
irradiation. This observation is consistent with the
deferration treatment simply removing poorly-
crystalline iron-rich phases from the sample, and not
affecting the kaolin minerals. In contrast, grinding the
samples had a major effect on the free radical signals.
Before irradiation, the ground samples had much
weaker signals from the A- and B-centres than the
corresponding natural kaolins (Fig. 1), consistent with
a destabilization of the defect centres as a result of
grinding-induced breakdown of the mineral structures.
Also, the responses of the ground samples to exposure
to Co-60 y-radiation were different from those of the
natural mineral samples (Fig. 2), with little if any
generation of any of the A-, B-, or C-centres.
Although there was a signal in a similar position to
that of the g, component of the A-centre, this signal is
not definitive, because many other free radical centres
occur in this region, and it could, therefore, correspond
to a minor mineral component in the deposit. Thus the
integrity of the kaolin mineral structure is essential for
stabilization of the radiation-induced free radical
centres in the kaolin minerals. The sharp peak that is
seen at ~3525 gauss in the Lampang sample, and
which makes a greater contribution after irradiation,
probably arises from a defect centre in quartz, which
was present as a major impurity in this specimen. The
much harder nature of the quartz crystals make them
more resistant to grinding, and it has been shown that
the presence of quartz increases grinding-induced
changes to the kaolin mineral structures [14].

Plots of total free radical signal intensity versus
received radiation dosage are presented in Fig. 3.

Intensity Intensity
(a. u.) Ranong Lampang (a. u.)
. : wral 10
. natural
40 PR 3 :
e ! 0 ——"— 8
-, | -
30 . L e .
- S 6
L] 4 1
20 R 0 -4
. 1 .-
v, 1 _oe--
10170 1 -
r | Lground 2
|
0 0

0 2I0 4IO 6IO 8'0 l(I)O (I) 2'0 4'0 GIO 8IO 1(I)O
Radiation dosage (kGy)

Fig. 3 Variation of EPR free radical spectral intensity

with radiation dosage.

These show a linear response of total radical signal
intensity to radiation dosage, but the plot for the well
crystalline Ranong sample is much steeper than that
for the poorly crystalline Lampang sample. Also, the
EPR signals from the ground Lampang sample showed
a considerably weaker response to y-radiation




exposure than the original mineral, thus providing
further evidence for the importance of mineral
crystallinity for stabilizing the free radical defect
centres.

It is also significant that the EPR spectra generated
in the kaolin minerals by y-irradiation are appreciably
different from those observed in the natural minerals,
and also from one another. In the natural minerals the
free radical centres are assumed to have accumulated
as a result of natural irradiation over geological time
periods, and the dominance of the A-centre is the
result of its greater stability [1]. However, in the
present samples, there appeared to be little generation
of the A-centre on irradiation in the laboratory,
whereas there was a major production of the B-centre
in the Ranong sample and the C-centre in the Lampang
sample. Thus the A-centre may represent a secondary
radical that is formed by electron hopping from either
the B- or C-centres. Furthermore, grinding the samples
substantially reduced their abilities to show radiation-
induced free radical centres, thus demonstrating that
mineral crystallinity has a major effect on the ability of
the mineral to stabilize the radiation-induced centres.

With the kaolin minerals investigated in the present
work, both qualitative and quantitative changes in the
EPR spectra were observed as a result of exposure to
y-radiation in the laboratory. Thus, as proposed by
Muller et al. [1], EPR spectroscopy can potentially
distinguish  between recently-formed free radical
centres and those built up over geological periods of
time. However, we also observed large qualitative
differences between the radiation-induced spectra from
specimens from the north and south of Thailand, and
substantial quantitative differences in the radiation-
induced responses. The quantitative differences in the
radiation-induced signals from these specimens may
be at least partly the consequence of different sample
crystallinities, since grinding the samples also reduced
the accumulation of the free radical signal. However,
the crystallinity of the samples does not explain the
qualitative differences in their responses to exposure to
y-radiation, and this is likely to be the consequence of
compositional differences between the minerals in the
two kaolin deposits.

4. Conclusions

The EPR spectra observed after exposure to v-
radiation of the Lampang and Ranong kaolins were
qualitatively different from those in the natural
minerals and from one another. In these samples there
was little if any production of the A-centre as a result
of irradiation of the sample in the laboratory, and this
centre therefore probably corresponds to a secondary
radical that is stable over geological time periods. The
B-centre was produced in large quantities in the
Ranong sample, but not that from Lampang. Since it
is also seen in the natural samples, this centre must
also be very stable, and its presence cannot be used to
indicate a recent radiation event. However, the C-
centre has not been reported in natural kaolins, and its
presence could, therefore, be taken as evidence for

recent irradiation of the mineral. However, there were
clear differences in the relative proportions of the B-
and C-centres that were produced in the Ranong and
Lampang samples as a result of irradiation in the
laboratory, so careful calibration of samples is
necessary if the C-centre radical intensity is to be used
to estimate a received dosage.

Although the kaolin specimens from both deposits
showed a linear response of EPR free radical signal
intensity to radiation dosage, it was only with the
relatively well-crystalline Ranong sample that the
slope of the plot is sufficiently steep for this approach
to have potential for use in accurately measuring
radiation exposure. With the poorly crystalline
Lampang sample, the errors in such a measurement are
sufficiently high for the approach to have only minor
value for calculating the received radiation dosage,
although identification of the presence of the C-centre
signal can be taken as strong evidence for exposure to
a recent radiation event.
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Abstract: This paper provides a brief summary of the
roles played by antioxidant molecules in foods, medicines
and nutrition and the methods used to determine their
concentrations. Critical assessments are made of the
types of molecule that are determined in typical chemical
assays of antioxidant activity. These include behaviour as
free radical scavengers as well as inhibitors of oxidation
processes. However, although the chemistry of some
specific molecules is well known, there is still a dearth of
information available many others, and specifically on
their contributions to the health of consumers.

1. Introduction

Antioxidant molecules, such as polyphenols, are
now accepted as important components of healthy
diets [1,2], and there is a plethora of chemical assays
for measuring “antioxidant status’ of various food
products and biological systems. As the name implies,
the principal function of antioxidant molecules is to
provide protection against oxidation by reactive
oxygen species (ROS), O,-related molecules that are
more powerful oxidizing agents than *0,, the stable
form of O,. ROS may be free radicals, such as O, or
"OH, or precursors of free radicals, such as H,O, or
10,. It is frequently assumed that antioxidants operate
by selectively scavenging ROS, and consequently that
they are also free radical scavengers. However, some
unstable radicals (e.g. ‘OH) react indiscriminately with
organic molecules, so their selective scavenging is
impossible in complex systems. Protection against
their reaction is thus only achieved by inhibiting their
formation. In addition, ROS also play roles in
important biological reactions, so their elimination
could be fatal for the organism.

According to the European Food Safety Authority
[3], antioxidants from dietary sources protect cells
from free radicals,, protect tissues, lipids, cells and
DNA from oxidative damage, and help to strengthen
the body's natural defenses against oxidative stress.
Some of the most common antioxidant molecules that
are consumed on a regular basis are the vitamins, C
and E, carotenoids, such as -carotene, lycopene and
lutein, and various types of polyphenols. These are all
generally considered to be important or essential
micronutrients and are frequently consumed as dietary
supplements, in addition to being common food
components. However, there is also a wide range of
other substances that have antioxidant properties, and

many of these are ill-defined and have largely
unknown biological functions.

This paper presents a brief overview of our
knowledge of antioxidants in food, medicine and
nutrition, and raises questions about some of the
common views on this important group of molecules.
Methodology used for determination of antioxidant
contents of food and biological systems is also
considered along with some specific reactions which
show that molecules which are considered to be
antioxidants can also catalyze oxidation reactions.

2. Antioxidants and food quality

Antioxidants are now recognized as important
components of foods. They are used to prolong shelf
life by inhibiting chemical processes and the
development of spoilage organisms that lead to
product deterioration. In addition, the consumption of
diets rich in antioxidant molecules has been linked to
longer life-spans.

The use of antioxidant preservatives in processed
foods is now common. These include synthetic
molecules, such as butylhydroxyanisole (BHA) and
butylhydroxytoluene (BHT), and naturally-occurring
molecules, such as ascorbic acid (vitamin C) and a-
tocopherol (vitamin E). Developments in food
preservation have had a major impact on our eating
habits, and although there have been questions raised
about the health aspects of consumption of large
quantities of synthetic antioxidants, the risks are
generally considered to be minimal at typical levels of
consumption [4,5]. Furthermore, since unsaturated
lipid oxidation is an important aspect of deterioration
in many food products, antioxidant preservatives have
a major beneficial effect by inhibiting the formation of
toxic lipid peroxidation products, such as the 4-
hydroxyalkenals [6,7], in addition to delaying
development of off-flavors.

In addition to their micro-nutritional properties,
many antioxidant molecules, especially polyphenols,
exhibit antimicrobial properties [8-12]. Since some
spoilage organisms produce potentially dangerous
toxins, it could be considered that a major function of
antioxidant molecules in foods is the preservation of
the integrity of the original product, by inhibiting the
formation of potentially dangerous molecules.

Thus there is a dual role for antioxidants in foods;
provision of important dietary components and




inhibition of the formation of toxins. Both are
probably important, but it should be noted that the
epidemiological evidence is not able to distinguish the
relative importance of the two types of function.
Finally, although the addition of antioxidant
preservatives extends the period of safe consumption
for food products, and thus decrease wastage during
storage, this extension of “shelf-life” can produce
complacency and result in products being sold in sub-
optimum conditions as a result of long-term storage.

3. Antioxidants as essential micronutrients

An important function of antioxidants is to provide
systemic protection against both degenerative and
infectious diseases, and the abundance of plant-derived
antioxidants has been suggested as a major factor in
the beneficial effects of the Mediterranean diet
[13,14]. In addition, antioxidants, such as ascorbic
acid, tocopherols and carotenoids, provide protection
against degenerative diseases of aging. An adequate
intake of these antioxidant molecules can build up
reserves to combat oxidative stress events.

The theory of free radicals in aging was originally
developed by Harman [16], and has been extensively
reviewed (e.g. [17,18]). Essentially, it starts from the
generation of superoxide radical anions (O;") in the
mitochondrial electron transport chain; this is
converted to H,O, by the enzyme superoxide
dismutase, and subsequently the highly reactive ‘OH
radical. Although catalase can remove H,0,, it is not
possible to selectively scavenge ‘OH and damage
resulting from its generation is limited by selectively
scavenging the (more stable) products of its reaction.
It is at this stage in the degenerative aging process that
simple antioxidant molecules can be effective. A
lifetime of adequate supply of antioxidant molecules to
minimize mitochondrila damage combined with a
nutritious calorie restricted diet has been suggested to
be able to increase average life expectancy at birth by
>5 years [16]. Also, supplementing a high fat diet with
red wine was observed to increase plasma antioxidant
capacity, decrease oxidative DNA damage, and
normalize endothelial function [19].

In addition to the well-known antioxidant
molecules discussed above, many uncharacterized
molecules in the average diet have antioxidant
properties, e.g. melanoidins in coffee and many
cooked foods. At the present time little in known about
their specific effects on the human body, and coffee
for example has been shown to have both mutagenic
and anti-carcinogenic properties (e.g. [20]).

4, Sources of antioxidants in normal diets

For many people the main sources of antioxidants
in their diets are the beverages coffee and tea, along
with various fruits and vegetables; on the basis of
chemical antioxidant assays, coffee has been shown to
be the major source of antioxidants in many western
diets [21,22]. However, a considerable proportion of
the antioxidant activity of coffee originates from the

melanoidin fraction [23], the biological properties of
which are still not well-known. Polyphenols have
attracted more attention, and some of their main
natural sources have been reviewed by Dimitrios [24].
In addition to the natural sources of antioxidants, it is
important to include the synthetic antioxidants that are
added in substantial quantities to processed foods, and
dietary supplements, the consumption of which has
grown substantially in recent decades.

Thus we need to address the question as to whether
instead of addressing deficiency situations, our
consumption of antioxidants might be too high.
Recommended daily intakes are produced by several
governments for individual supplements, but there is
little information available on the optimum overall
intake of antioxidant molecules. Yet there must be an
optimum range, because toxicity situations, though
rare, have been reported, and for example, congenital
malformations have been associated with both
maternal deficiency and over-use of vitamin A [25,26].

5. Medicinal properties of antioxidants

A quick look in magazines, newspapers or the internet
shows just how much publicity is given to the value of
antioxidant medicines. As was discussed for foods,
antioxidant medicines perform two distinctly different
functions; protection of the body against natural
deteriorative processes (aging and degenerative
diseases), and fighting infectious diseases. Systemic
protection against aging processes was considered
above, but in recent decades there has been a lot of
publicity given to antioxidant protection against
degenerative diseases, such as cancer, cardiovascular
disease, immune-system decline, brain dysfunction,
and cataracts [15]. A good example of protection
against infectious diseases is that of vitamin C and the
common cold, which was strongly advocated by Linus
Pauling in the 1970s. However, in a major review of
the literature, Hemil& et al [27] concluded that regular
ingestion of vitamin C had no effect on common cold
incidence, although it did reduce the duration and
severity of common cold symptoms. However, for
individuals who experience short periods of extreme
physical stress (including marathon runners and skiers)
vitamin C halved the common cold risk.

Biological systems are extremely complex and it is
likely that most antioxidants will exhibit a degree of
specificity in their actions. Thus for example, coffee
which could be considered to be a traditional
medicine, is associated with a decrease in incidences
of cancers of the upper digestive tract and the colon /
rectum, but an increased risk of stomach cancer [28]

5. Antioxidant Assays

When discussing the contents of antioxidant
molecules in complex systems such as foods or live
organisms, it is important to consider how these
molecules are assessed. Firstly, one must recognise
that all antioxidant assays are based on chemical
reactions carried out in vitro, and thus the values they




produce may not be biologically relevant, since they
do not take into account bioavailability, in vivo
stability, retention by tissues, and reactivity in tissues
[29]. Nor in the case of foods or “traditional”
medicines, do they take account of reactions with other
components.

Antioxidant assays should be rapid, because of the
possible occurrence of unwanted oxidation processes
during sample analysis, and synergistic effects of
antioxidant mixtures in real food samples [30].
Although many assays have been reported for
measuring total antioxidant capacity [29,31,32], there
are fundamental differences in the chemical processes
involved, and thus results correspond to specific
chemical properties and do not necessarily relate to
biological antioxidant behavior. Measurements made
by a single method can be misleading, and assays
involving 2 or more different types of chemical
reaction are necessary for a realistic assessment of the
overall antioxidant properties of a complex sample,
such as a food product.

In general, antioxidants are classified as preventive
or chain-breaking. Preventive antioxidants, such as
the enzymes superoxide dismutase, catalase or
peroxidase inhibit formation of ROS, whereas chain-
breaking antioxidants, such as vitamin C, vitamin E,
uric acid, bilirubin, polyphenols, etc., scavenge ROS
and thereby break radical chain reaction sequences.

Methods for the analysis of individual antioxidant
molecules are readily available [33] and will not be
discussed further here.

Chain breaking antioxidants can function either by
(i) hydrogen atom transfer, where an oxygen-derived
radical abstracts a hydrogen atom from the antioxidant,
resulting in formation of a (relatively) stable
antioxidant-derived radical, or (ii) single electron
transfer, in which an electron is first transferred to the
antioxidant, and then followed by a proton. Both
mechanisms occur in parallel at different rates and the
net result is the same, although the single electron
transfer reaction is solvent dependent because of the
need to stabilize the charged species [34].

Antioxidant assays can be classified according to
whether they involve competitive or non-competitive
reactions [32]. In a competitive reaction, the species
being tested competes with the antioxidant for the
oxidizing agent. However, one must be aware that the
antioxidant capacity is dependent on the relative
reaction rates of the test species and the antioxidant
with the oxidizing agent, and the concentration ratio of
antioxidants and target species. Ideally the target
species should react with an oxidant at low
concentration, the reaction should be measurable
through a drastic spectroscopic change after oxidation,
whereas no radical chain reaction after oxidation
should occur, and the antioxidant should not react with
the target species. In non-competitive assays,
antioxidants interact with oxidizing agents without any
other competing target molecules present, and only the
antioxidant and the reactive species are present in the
initial reaction mixture.

For all assays it is important to understand the
chemistry that actually occurs [35], and in principle
biologically relevant compounds (ROS, RNS) should
be utilized. However, this is not the case in most
electron transfer reactions, e.g. the quenching of stable
radicals such as DPPH or ABTS [36], although these
methods are relevant to the scavenging of the
relatively stable secondary radicals that are produced
after primary reactions by highly reactive species, such
as the hydroxyl radical.

6. Antioxidant chemistry

Much is known about the chemical reactions of
some specific antioxidant molecules. There are many
excellent texts on the subject (e.g. [37-40]), and these
should be consulted for more information on
antioxidant chemistry. However, it seems to be key
property of biological antioxidants that they can redox
cycle between (relatively) stable reduced and oxidized
forms, and the original reduced forms of antioxidants
can be regenerated by reaction of their oxidized forms
with natural reducing agents.

It should also be noted that reactions of antioxidant
molecules can produce net pro-oxidant effects,
especially in complex systems containing transition
metal species that can exist in more than one stable
oxidation state. An example is the role of
antioxidants, such as ascorbic acid, polyphenols,
carotenoids in reducing Fe(lll) to Fe(ll), which can
then react with hydrogen peroxide to produce hydroxyl
radicals. Such reactions can be important in fighting
microorganisms, but they can also be damaging to the
host.

7. Conclusions

Although there is strong evidence that diets rich in
natural antioxidants are beneficial to health, there is
still no definitive evidence for the reason, despite the
wide publicity that is given to free radical scavenging.
Highly reactive free radicals cannot be selectively
scavenged in complex systems, and the only effective
approach to prevent their reaction is to inhibit their
formation. That means controlling the production and
reactivity of precursors, such as H,O,.

One important function of antioxidants in foods is
to inhibit the formation of potentially toxic
compounds, either by preventing the formation of
toxic aldehydes or ketones from lipid peroxidation, by
inhibiting the development of food spoilage
organisms. Thus, it is too simplistic to assume that
antioxidants simply provide protection against free
radical damage. Indeed, as mentioned in the previous
section, antioxidant molecules actually stimulate
oxidation reactions.

Understanding the roles played by antioxidants is
further complicated by the fact that there is little
evidence for a positive effect of antioxidant
supplements for healthy individuals consuming a
balanced diet, although antioxidant supplementation
may be beneficial for people with inadequate diets, or




in stressful situations. As the EFSA has stated in the
context of the consumption of dietary polyphenols [3],
a cause and effect has not been established between
their consumption and the claimed beneficial health
effects. Nevertheless, several individual antioxidant
molecules clearly have important biological functions,
but these are not necessarily determined by the types
of chemistry that are measured in assays for
antioxidant properties. Thus there are still important
questions that must be answered concerning the
functions of the wide range of ill-defined molecules
that are measured in various types of antioxidant
assay.
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Abstract: The aim of this research was to investigate the
antioxidant activities of the phenolic extract from the
wood vinegar of Garcinia mangostana fruit. The extracts
were prepared by three different methods, standing for 3
months at room temperature, evaporating under vacuum
and filtering through charcoal. The antioxidant activities
of these extracts were analyzed using the DPPH radical
scavenging assay (ascorbic acid as a standard) and the
ferric reducing antioxidant power assay (FRAP) using
ascorbic acid and BHT as a standard. The extract from
evaporation exhibited the strongest antioxidant,
scavenging the DPPH radical with the 1Cs, value of 5.02
+0.18 pg/mL (ascorbic acid, 1Csq 3.60 £+ 0.18 gg/mL). The
FRAP result showed that all extracts have higher
potential antioxidant than the standard used. The
greatest activity was also the phenolic extract from
evaporated fraction. These results indicated that the
phenolic extract from the wood vinegar of Garcinia
mangostana fruit might serve as natural antioxidants.

1. Introduction

Wood vinegar is a dark brown condensed liquid
from smoke collected during pyrolysis or
carbonization of wood in airless and under high
temperature conditions. The wood vinegar composed
of many chemical components with acetic acid as the
major substance [1]. Several reports demonstrated that
the wood vinegar contained organic chemicals
exhibited the inhibitory activity against bacteria, fungi
and termites [1-3].

Garcinia mangostana Linn. (mangosteen), known
as the queen of fruits, is a slow-growing tropical tree
belonging to the Guttiferae family which widely
distributed throughout Southeast Asia including
Thailand. The fruit of G. mangostana is a dark purple
or reddish pericarp (hull) with white, soft and juicy
edible pulp. The fruit hulls have been used as a
traditional medicine in Thailand for the treatment of
diarrhea, skin infections and wounds [4-5]. The fruit
hulls of this plant have been composed of a variety of
secondary metabolites with xanthones as main
bioactive components especially o-, p- and -
mangostins [6-9]. The activities of xanthones isolated
from mangosteen have been shown on several reports
such as anticancer [10-11], antiallergy [12], anti-
inflammatory  [7,13], antimicrobial [14-15],
antimalarial [16] and antioxidant [17-18] activities.

Mangosteen fruits are released to markets in
excessive volume during harvest season and causes
depreciation of value of the produces. It is worthwhile
if some principle ingredients in the fruits could be
extracted for uses instead of throwing away.
Nowadays, there is no report on investigation and
evaluation of the wood vinegar from mangosteen-tree.
From this reason we are very interested to evaluate the
mangosteen fruits concerning antioxidant properties of
its wood vinegar.

2. Materials and Methods

2.1 General and chemicals

The absorbance was measured on a UVM 340
micro-plate reader apparatus and GENESYS 20
spectrophotometer. The distillated sample was
performed on a Bichi rotary evaporator R-220.
Chemicals were purchased from Merck and Sigma-
Aldrich. All solvents used were of analytical grade.

2.2 Plant materials

The fruit of G. mangostana was collected from
Phrom Khiri district, Nakorn Sri Thammarat province
in the Southern part of Thailand.

2.3 Preparation of wood vinegar

Wood vinegar was a condensed liquid, which was
produced from the smoke of charcoal production. The
carbonization process of G. mangostana fruit using a
200-liter fuel tank as charcoal brazier and the system
was set in air-closed condition. Wood vinegar was
cooled by outside air while passing through a chimney
and was collected from the vapors under temperatures
of 300-400°C. This temperature is indicated by the
production of acrid yellowish smoke. To separate tar
the raw wood vinegar was differentially prepared by
three methods; standing for 3 months at room
temperature, evaporating using rotary evaporator under
vacuum and filtering through charcoal.

2.4 Preparation of phenolic extract

Each wood vinegar fraction was exhaustingly
partitioned with ethyl acetate. The organic layer was
concentrated and then extracted with 5% NaHCOs;
(w/v) and 5% NaOH (w/v), respectively. The basic
portion was acidified by 20% H,SO, (w/v) prior to
extract with ethyl acetate several times to obtain
phenolic extracts from three different methods;
standing at room temperature (SPE), evaporating




under vacuum (EPE) and filtering through charcoal
(FPE).

2.5 DPPH radical scavenging assay

The free radical scavenging activity was
determined by DPPH radical decolourization assay
[19], with slight modifications. Briefly, 190 uxL of
freshly-prepared 0.002 %w/v DPPH radical solution
dissolved in ethanol was mixed with 10 uL of extracts
also dissolved in ethanol at the concentration of 200,
100, 50, 20, 10, 5 and 1 zg/mL in a 96-well plate. The
absorbance at 517 nm was measured after 10 min.
Ethanol, as a solvent blank, was run in each assay.
Ascorbic acid was used as a standard for comparison.
All measurements were performed in triplicate. The
DPPH radical scavenging activity (%) was calculated
by the following equation:

Scavenging activity (%) = (1 - Asampte/ Acontrol) X 100

where Aol 1S the absorbance of the control and
Asample 1S the absorbance of tested extract or standard.

2.6 Ferric reducing antioxidant power (FRAP)

The reducing power of extracts was assayed by the
method described by Giilgin, Oktay, Kirecgi and
Kifrevioglu [20]. Briefly, an aliquot of 0.2 mL of
extracts at the concentration of 100, 75, 50, 25, 10 and
5 pg/mL was mixed with 0.5 mL of phosphate buffer
(0.2 M, pH 6.6) and 0.5 mL of 1%w/v potassium
ferricyanide [K3Fe(CN)g]. After incubation at 50°C for
20 min, 2.5 mL of 10%w/v trichloroacetic acid was
added to the reaction mixture, followed by
centrifugation at 3000 rpm for 10 min. The 2.5 mL of
supernatant was mixed with an equal quantity of
distilled water and 0.5 mL of 0.1%w/v FeCl;. The
absorbance was measured at 700 nm using
spectrophotometer against the blanks that contained all
reagents except the extracts. Ascorbic acid and BHT
were used as standard for comparison. All
measurements were performed in triplicate. The
increased absorbance of the reaction mixture indicated
increased reducing power.

3. Results and Discussion

3.1 Preparation of phenolic extracts

Wood vinegar from the mangosteen fruit was a
dark brown liquid with pH and density ranges 4.08-
4.40 and 0.98-1.03 g/mL, respectively. The raw wood
vinegar (250 mL each) eliminated tar by standing at
room temperature for 3 months, evaporating under
vacuum and filtering through charcoal was separately
extracted with ethyl acetate yielding organic extracts
0.84, 0.91 and 1.57 g, respectively. After fractionating
the phenolic components using 5% NaOH, each
method gave the extracted yield of 0.64 g (76.7%),
0.75 g (82.8%) and 1.32 g (84.0%).

3.2 DPPH radical scavenging activity

DPPH radical assay was a suitable method for
measuring radical scavenging activity of antioxidants
due to the change in color of DPPH solution [21]. The
antioxidants could scavenge the radical by hydrogen
donation decreased the absorbance of DPPH at 517
nm. Figure 1 exhibited the DPPH radical scavenging
activity of phenolic extracts of mangosteen-fruit wood
vinegar which was also compared with the commercial
antioxidant, ascorbic acid. The results found that the
scavenging capacity of all samples tested was dose-
dependent. The linear regression equations were y =
6.2707x + 5.7521 (R? = 0.988) for SPE, y = 9.0559x +
45259 (R® = 0.963) for EPE, y = 6.7258x + 0.3432
(R? = 0.999) for FPE and y = 8.5612x + 19.223 (R* =
0.940) for ascorbic acid.

Figure 1. DPPH radical scavenging activity of
phenolic extracts and ascorbic acid

The inhibitory concentration of antioxidants
required for a 50% decrease in the absorbance of
DPPH radical (ICsy) of SPE, EPE, FPE and ascorbic
acid was 7.06+1.12, 5.02+0.18, 7.38+0.52 and
3.60+0.18 pg/mL, respectively, as shown in Table 1.
These results indicated that the evaporating portion
(EPE) showed the DPPH radical scavenging activity
stronger than SPE and FPE fractions and was nearly
those of ascorbic acid.

Table 1: 1Cs of phenolic extracts and standard
compound

Extract/standard 1Cso DPPH (rg/mL)
SPE 7.06+1.12
EPE 5.02+0.18
FPE 7.38+0.52

Ascorbic acid 3.60+0.18

3.3 Ferric reducing antioxidant power (FRAP)
Phenolic antioxidants were an electron-donating
molecule which used as an indicator for Fe** reduction
[22]. In the FRAP assay, the increased absorbance of
samples indicated the increase of reducing power.
Figure 2 demonstrated the dose-dependent for the
reducing power of phenolic extracts and reference
compounds. All phenolic extracts showed the reducing
power and also exhibited stronger power than BHT.
However, ascorbic acid displayed significant better
activity than those of all extracts. The reducing power




decreased in the order of ascorbic acid, EPE, FPE, SPE
and BHT in the presence of 100 gg/mL test sample.

Figure 2. Ferric reducing antioxidant power (FRAP) of
phenolic extracts and standard compounds

4. Conclusions

This work is the first report on the study of
antioxidant activity of the wood vinegar from G.
mangostana fruit. Investigation of the antioxidant
activities using DPPH radical scavenging and FRAP
assay showed that all phenolic extracts exhibited
strong activity. The EPE fraction was the most active.
These results indicated that the phenolic extracts from
the wood vinegar of G. mangostana fruit might serve
as natural antioxidants.
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Abstract: The effect of soy fortification on staling and
keeping quality of white wheat bread was investigated.
Full-fat soy flour (SF) and soymilk residue, or okara
(OK), were used to substitute wheat flour in bread recipe
at 5-15% by weight. Moisture and freezable water
contents of freshly baked soy-containing breads were
significantly higher than those of all-wheat control
(p<0.05). Both moisture and freezable water contents
became decreasing with increasing storage time, with a
sharper reduction demonstrated in the control.
Meanwhile, unfreezable water content was not
significantly different among the samples (p>0.05) and
remained relatively constant throughout the 7-day
storage. Amylopectin recrystallization, as monitored
using a differential scanning calorimetry technique, was
observed to be most pronounced in the control. The OK
bread exhibited  slightly lower  amylopectin
recrystallization as compared to the SF bread at the same
substitution level. For instance, at Day 3 of storage, the
enthalpy required to melt recrystallized amylopectin in
the control, 15% SF and 15% OK samples were equalled
to 0.77, 0.35 and 0.23 J/g, respectively. The increasing
trend of amylopectin recrystallization was in consistent
with the decreasing trend of the water-soluble starch
content, implying an increase in the crystalline structure.
Crumb hardness was found to be increased at a greater
extent in the control in comparison to that of the soy-
containing samples. These changes were found to occur
rapidly in the first two days of storage. In summary, soy
fortification contributed a positive effect on the storage
quality of white wheat bread by retarding starch
retrogradation.

1. Introduction

A sizable economic loss of bread industry is
resulted from bread staling which characterizes by
crumb firming, development of crumbliness and flavor
changes [1]. Over the years, attempts have been made
to elucidate bread staling mechanisms as well as to
search for a means to reduce bread staling. The
majority of bread staling studies have been focusing on
retrogradation of starch, the prime component of the
product. Nevertheless, some other studies reported that
moisture migration could also play a role in bread
staling [2,3].

High protein and high fiber ingredient was reported
to help retain moisture in food products and thereby
prolong their freshness [4]. Soy flour is a good source
of protein and fiber. It contains approximately 40%
protein and 5% fiber on a dry basis [5].

Soymilk residue or okara is a by-product of
soymilk and tofu manufacture. Even though, a portion
of the protein present in soybeans is extracted during

soymilk production. A significant amount of protein
still remains in the residue. It was reported that okara
contains 27% protein and 56% fiber on a dry basis
[6,7]. However, it should be noted that okara
composition may vary depending on the preparation
method used. The protein and fiber, with their
excellent water holding capacity and emulsifying
property, could be advantageous to the keeping quality
of bakery products [8].

This study aimed to investigate the substitution of
soy flour or okara to wheat flour in white bread and its
effect on staling and keeping quality of the stored
bread.

2. Materials and Methods

2.1 Materials

Bread ingredients, including bread flour, instant
baker's yeast, sdt, sugar and shortening, were
commercial products. At a level not exceeding that
permitted by the Ministry of Public Health [9], food-
grade calcium propionate was used as a mold inhibitor.

Dehulled soybeans for okara preparation was
obtained from Thai Cereals World (Bangkok,
Thailand) and full-fat soy flour was a product of Doi
Kham (Bangkok, Thailand).

2.2 Okara Preparation

Okara was prepared using a hot water-blanching
soymilk  production method [10] with some
modifications. The wet okara obtained after separating
soymilk was steamed at 100 °C for 30 minutes to
ensure a complete inactivation of antinutritional
factors present in raw soybeans. The steamed okara
was then dried at 60 °C for about 14 hours until
obtaining 10% (wb) moisture content.

2.3 Bread Making

Bread samples were prepared using a method
adapted from that described earlier [11]. The
ingredients, expressed as baker’s percentage, for all-
wheat control sample included 100% bread flour, 1.2%
instant yeast, 4.8% shortening, 4.8% sugar, 1.8% salt,
59.9% water and 0.3% calcium propionate. For the
soy-fortified samples, either full-fat soy flour (SF) or
okara (OK) was used to substitute bread flour at 5, 10
and 15% by weight.

2.4 Evaluation of Bread Properties




Moisture  Content:  Moisture content  was
determined using the AOAC standard method [12].

Freezable and Unfreezable Water Contents:
Freezable water was monitored using differential
scanning calorimetry (DSC) technique [13]. An
endothermic peak transition around 0 °C is attributed
to ice melting [14]. Freezable and unfreezable water
contents were calculated using Equations (1) and (2)
[13]:

%Freezable water = h/(AHgs X M) ..(D

Where h is the peak enthalpy (J/g). AHgs is the
latent heat of fusion of ice (334 J/g) and M is g water/g

sample.
%Unfreezable water = %moisture-%freezable
water ..(2
Amylopectin  Recrystallization: ~ Amylopectin

recrystallization was monitored using DSC technique
[13]. An endothermic peak transition around 40-70 °C
is attributed to the heat required to melt amylopectin
crystallite  [13]. The degree of amylopectin
recrystallization was reported in terms of peak
enthalpy per g sample.

Water-Soluble Starch Content: Water-soluble
starch content was determined according to the method
described previously [15].

Crumb Hardness: Texture profile analysis of bread
crumb was carried out using a universal materials
testing machine (Instron, Norwood, MA). A 2x2x2
cm® sample cube was compressed using a 6 cm-
diameter cylindrical probe with a cross-head speed of
1.0 mm/s until 70% deformation was achieved.
Hardness was obtained from the maximum force of the
first penetration.

2.5 Statistical Analysis

Experiments were done in triplicate. A completely
randomized design was used. Data were analyzed
using Analysis of Variance. A Duncan's new multiple
range test was used to determine the difference among
sample means at p=0.05.

3. Results and Discussion

3.1 Moisture Content

Moisture content of the bread samples was
illustrated in Figure 1. Freshly baked soy-containing
breads (Day 0) contained more moisture than the all-
wheat control did. Upon storage for a period of 7 days,
moisture content of all bread samples decreased in a
similar fashion, but the decrease was slightly more
pronounced in the control. Moisture reduction of bread
during storage has been attributed to moisture
migration from the crumb to the crust and also from
bread to the surrounding atmosphere [2]. The presence
of soy ingredients resulted in an increased water-
holding capacity due to their high fiber content [13].

3.2 Freezable and Unfreezable Water Contents

In the current study, it was observed that onset
temperature of ice melting in the bread samples was in
the range of -14.4 to -12.4 °C. Freezable and

unfreezable water contents of the bread samples are
depicted in Figures 2 and 3.

Figure 1 Moisture content of wheat (control), soy
flour-substituted (SF) and okara-substituted (OK)
breads during 7-day storage

Figure 2 Freezable water content of wheat (control),
soy flour-substituted (SF) and okara-substituted (OK)
breads during 7-day storage

Figure 3 Unfreezable water content of wheat (control),
soy flour-substituted (SF) and okara-substituted (OK)
breads during 7-day storage

Freshly baked control bread contained 28.9%
freezable water on a dry basis (Figure 2). Upon
substituting with SF or OK, freezable water content
became significantly increased (p<0.05), with the OK
samples showing higher freezable water content than
the SF ones. Freezable water content increased with
increasing level of soy substitution. This was in
consistent with the higher moisture content of the soy-
containing breads.




Freezable water content in all samples became
decreasing with increasing storage time. The control
exhibited greater reduction in freezable water over
time than the soy-containing breads did. This was due
to the fact that soy ingredients helped promote
homogeneous moisture distribution throughout the
bread loaf and the minimal changes in freezable water
could be attributed to the low degree of moisture
migration in soy-containing bread during storage [16].

In the case of unfreezable water (Figure 3), the
content in all freshly baked breads was not
significantly different (p>0.05). In addition, the
unfreezable water content also remained relatively
constant during 7-day storage. This was in good
agreement with previous study [13] which suggested
that the freezable water, which is more available, was
the fraction undergoing detectable changes during
storage.

3.3 Amylopectin Recrystallization

Amylopectin crystallite was monitored using a
DSC technique. In the current study, an endothermic
peak corresponding to the melting of amylopectin
crystallite was observed in the temperature range of
65-80 °C. The energy required to melt amylopectin
crystallite was illustrated in Figure 4.

Figure 4 Melting enthalpy of amylopectin crystallite in
wheat (control), soy flour-substituted (SF) and okara-
substituted (OK) breads during 7-day storage

For all freshly baked samples, no endothermic peak
was observed in the amylopectin crystallite melting
region. This indicated negligible amount of
amylopectin recrystallization in freshly baked breads.
With increasing storage time, the melting enthalpy was
found to increase, with the most pronounced in the
control, followed by the 5%-substituted, 10%-
substituted and 15%-substituted samples, respectively.
The 15% OK exhibited the lowest amylopectin
recrystallization throughout the storage time studied.
Generally, OK sample possessed slightly lower degree
of amylopectin recrystallization as compared to the SF
sample of the same substitution level. Amylopectin
recrystallization seemed to rapidly occur during the
first two days of storage and the recrystallization rate
became leveling off after that.

Previous study [3] suggested that there was a
correlation between the degree of amylopectin

recrystallization and crust-crumb moisture gradient.
Soy ingredients helped promote homogeneous
moisture distribution, thus minimizing moisture
gradient within the loaf of bread. Besides, the high
water-holding capacity of soy components (i.e., soy
protein and soy fiber) resulted in less water available
for starch component, hence lowering starch
recrystallization during storage.

Apart  from  water-holding and  moisture-
distributing effect of soy ingredients, it was also
proposed that soy components strongly interacted with
starch, hence interfering starch-starch interaction and
retarding amylopectin recrystallization [17].

3.4 Water-Soluble Starch Content

As starch retrogrades, starch molecules (i.e.,
amylose and amylopectin) become re-associate via
hydrogen bonding with a formation of ordered
crystalline structure. The increased crystallinity results
in lowered solubility. Water-soluble starch content of
the bread samples was shown in Figure 5.

Figure 5 Water-soluble starch content of wheat
(control), soy flour-substituted (SF) and okara-
substituted (OK) breads during 7-day storage

Freshly baked control bread contained the highest
water-soluble starch. Upon substituting with SF or
OK, water-soluble starch content was lowered
significantly (p<0.05). All samples exhibited a
decrease in water-soluble starch content with
increasing storage time but the change was higher in
the control. This decrease in water-soluble starch
content suggested an increase in the formation of
water-insoluble entity or the crystalline structure. This
was also in consistent with the increase in amylopectin
recrystallization discussed above.

3.5 Crumb Hardness

Changes in crumb hardness during 7-day storage
were shown in Figure 6. All samples exhibited
increasing crumb hardness over time. As compared to
the control, a lesser increase in crumb hardness was
observed in the soy-containing samples, implying that
incorporation of soy ingredients could help retard
bread staling. However, it should be noted that, with
soy substitution, particularly at high levels of OK-
substitution, freshly baked bread was harder in texture




than the control. This was due to the high fiber content [11] http://www.dianadesserts.com/  (Retrieved May 5,

of okara. 2010).
[12] AOAC, Official Methods of Analysis, 17" ed., the

Association of Analytical Chemists, Washington, D.C.
(2000).

[13] E. Vittadini and Y. Vodovotz, J. Food Sci. 68 (2003)
2022-2027.

[14] Y. Vodovotz, I. Hallberg and P. Chinachoti, Cereal
Chem.73 (1996) 264-270.

[15]1.M. Shaikh, S.K. Ghodke and L. Ananthanarayan,
Food Chem. 101 (2007) 113-119.

[16]A. Lodi and Y. Vodovotz, Food Chem. 110 (2008)
554-561.

[17]KJ. Ryan, C.L. Homco-Ryan, J. Jenson, K.L.
Robbins, C. Prestat and M.S. Brewer, J. Food Sci.
67 (2002) 2385-2390.

Figure 6 Hardness of wheat (control), soy flour-
substituted (SF) and okara-substituted (OK) bread
crumbs during 7-day storage

4, Conclusions

The role of soy ingredients, namely soy flour and
okara, in retarding starch retrogradation and bread
staling was demonstrated. This was due to the
moisture-retaining ability of the soy components,
protein and fiber, thus promoting homogeneous
moisture distribution and minimizing moisture
gradient within the loaf of bread. The high water-
holding capacity of soy components also resulted in
less water available for starch component. In addition,
soy components could strongly interact with starch and
interfere with starch-starch interaction, resulting in
retrogradation-retarding effect.
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Abstract: The objective of this study was to examine the
effect of different binding agents, namely wheat flour
(WF), soy protein isolate (SPI) and the mixture of both,
as well as transglutaminase treatment on properties of
fish ball product which contained 1.25 or 1.50% by
weight of sodium chloride. To study the effect of binding
agents, minced fish in the fish ball recipe was substituted
with binding agent at 2% by weight. For the effect of
transglutaminase treatment, microbial transglutaminase
(MTGase) was added at 0.6% level. Among the binding
agents studied, SP1 was found to significantly improve
gel strength, hardness, cohesiveness, springiness and
water holding capacity of the product (p<0.05). On the
other hand, transglutaminase treatment was shown to
improve gel strength, hardness, cohesiveness, springiness
and water holding capacity of the product. Using SPI
and/or WF together with MTGase produced fish ball
product with increased gel strength. Neither binding
agent nor transglutaminase treatment posed an effect on
whiteness of the fish ball. Upon MTGase addition, an
increase in protein cross-linking was confirmed by the
SDS-PAGE pattern which revealed a decrease in
intensity of the bands represented myosin heavy chain
(205 kDa) and actin (45 kDa) of the fish protein with a
concomitant increase in the band intensity of protein
with molecular weight greater than 205 kDa.

1. Introduction

Texture is among the foremost quality attributes of
fish ball product. High quality fish balls can be
obtained from certain types of fish such as cod and
haddock. In Thailand, clown knifefish is considered
prime raw material since it gives fish ball with
desirable textural quality. Due to high demand, the
cost of clown knifefish is relatively high compared to
other fish.

Isok barb, or Jullien's golden carp, is a freshwater
fish distributed in Mekong, Chao Phraya, Nan, Ta Jeen
and Meklong basins of Thailand. At present, the
Department of Fisheries supports the aquaculture of
Isok barb in a commercial scale. The use of Isok barb
for fish ball production is growing in volume because
of its incentive price. However, the quality of Isok
barb fish ball is still inferior as compared to that made
from clown knifefish. Manufacturers have therefore
been seeking for techniques for improving texture of
fish ball produced from Isok barb, as well as other
moderately-priced fish which, by themselves, give a
product with merely moderate textural quality.

Tapioca flour is the most common binder used to
improve fish ball texture. However, often times,
experienced consumers could differentiate between the

fish ball made from only minced fish and those added
with tapioca flour. Flour-containing fish balls are
usually lower in their hardness, cohesiveness and
springiness as compared to the all-meat product.

Various proteins are known for their gelation
ability. Many protein gels are high in cohesiveness and
springiness. Wheat flour contains about 13% protein
[1]. Wheat gluten is known for providing strong gel
and could therefore help improve gel strength of the
fish ball. In addition, the starch could also act as
stabilizer hence improving the gel texture. Soy protein
isolate, on the other hand, contains mostly protein
(>90% protein). Soy protein gel has been praised for
its excellent strength and cohesiveness and could also
be used to improve texture of various food products.

Owing to its ability to catalyze the cross-linking
between glutamine and lysine residues of a protein,
transglutaminase has been successfully used to
improve a myriad of properties that are related to the
degree of protein-protein interaction.
Transglutaminase treatment could therefore be of
advantage in improving texture of protein foods, such
as fish ball.

This study aimed to investigate the effect of wheat
flour and/or soy protein isolate fortification and
transglutaminase treatment on properties of fish ball
made from Isok barb.

2. Materials and Methods

2.1 Materials

Fresh Isok barb was purchased from a local market
(Bangkok, Thailand), ice-packed in an insulated
container and immediately transported to the
laboratory.

Wheat flour (WF) (United Flour Mill, Bangkok,
Thailand) and soy protein isolate (SPI) (Mighty
International, Bangkok, Thailand) were commercial
products. Microbial transglutaminase (MTGase)
(ACTIVA™ TG-AK) was kindly provided by
Ajinomoto (Bangkok, Thailand).

2.2 Fish Ball Preparation

Upon arrival at the laboratory, the fish was
headed, gutted and washed with chilled water. After
that, it was hand-filleted to obtain only white muscle
meat and then minced. The minced fish was then
processed into fish ball according to the method of the
Department of Fisheries [2] with some modifications
as detailed in Figure 1.




Minced Isok barb

Transferring to a food processor

]

Adding sodium chloride and crushed ice (50% of the required

amount) and mixing for 5 minutes

Adding ground white pepper, monosodium glutamate and the

remaining crushed ice (50% of the required amount) and mixing

for 5 minutes

Forming the paste into ball shape (3 cm in diameter)

Heating in 50 °C water for 20 minutes

Heating in 90 °C water for 10 minutes

Removing from hot water and placing in iced bath at 10 °C for 5

minutes

Draining and storing at 4 °C for 18 hours before undergoing

further analyses

Figure 1 Production flowchart for control fish ball

Sodium chloride was added at either 1.25 or
1.50%. For those samples with WF, SPI and 1:1
WEF/SPI mixture, the binder was used to replace the
minced fish at 2% by weight. For the effect of
transglutaminase treatment, MTGase was added at
0.6% level.

2.3 Evaluation of Fish Ball Properties

Gel Strength: Measurement of the gel strength of
fish ball was carried out using a universal materials
testing machine (Instron, Norwood, MA). The sample
was compressed using a 6 mm-diameter ball probe
with a cross-head speed of 1.0 mm/s until 75%
deformation was obtained.

Texture Profile Analysis: Texture profile analysis
of the fish ball was carried out using a universal
materials testing machine (Instron, Norwood, MA).
The sample was compressed twice using a 56 mm-
diameter cylindrical probe with a cross-head speed of
1.0 mm/s until 50% deformation was obtained.
Hardness, cohesiveness and springiness was extracted
from the texture profile.

Water Holding Capacity: To determine water
holding capacity, the fish ball was cut into a 1x1x2
cm® and put into a centrifuge tube with two pieces of
3x3 cm? Whatman No.1 filter paper placing over and

three pieces placing under the sample piece. The tube
was centrifuged at 1500xg for 5 minutes. Water
holding capacity was reported in terms of
%expressible water, calculated using Equation (1):

%Expressible water = (W;-W;)100/W; (1)

Where W is the weight of filter papers after
centrifugation; W; is the weight of filter papers before
centrifugation and W; is the sample weight.

Whiteness: Color was measured using ColorFlex®
color meter system (Hunter Associates Laboratory,
Reston, VA). The measurement was done in the
CIELAB color system using D65 light source.
Whiteness was calculated using Equation (2) [3]:

Whiteness = 100-[(100-L*)*+a*?+b*?]"? ..(2)

Where L* is the lightness coordinate, a* it the
red/green coordinate and b* is the yellow/blue
coordinate.

2.4 SDS-PAGE

Three grams of fish ball sample were solubilized
with 27 mL of solution containing 5% sodium dodecyl
sulfate and 0.1% 2-mercaptoethanol. The sample was
centrifuged at 17,500xg for 20 minuters to remove
undissolved debris. The supernatant was determined
for its protein content using a modified Lowry method
[4]. The supernatant (0.3 mL) was mixed at 1:3 (v/v)
ratio with sample buffer (60 mM Tris-HCI, pH 6.8
containing 2% SDS, 25% glycerol, 14.4 mM 2-
mercaptoethanol and 0.1% bromophenol blue) and
boiled for 2 minutes. Ten uL of the sample were
subjected to SDS-PAGE. The electrophoresis was
conducted using a Hoefer mini VE gel electrophoresis
unit (Amersham Pharmacia Biotech, Uppsala,
Sweden) and stained with Coomassie Brilliant Blue R-
250 solution [5].

2.5 Statistical Analysis

Experiments were done in triplicate. A completely
randomized design was used. Data were analyzed
using Analysis of Variance. A Duncan's new multiple
range test was used to determine the difference among
sample means at p=0.05.

3. Results and Discussion

3.1 Gel Strength

Gel strength of the fish ball samples was illustrated
in Figure 2. 1t was found that incorporation of a binder
(WF, WF/SPI or SPI) helped increase gel strength of
the fish ball at both levels of sodium chloride used.
Among the binders studied, SPI seemed to be most
effective in terms of improving gel strength of the fish
ball.

With transglutaminase treatment, gel strength of
the fish balls increased to even higher value, as
compared to the non-treated sample (Figure 2). This
was due to the protein cross-linking ability of MTGase
[6, 7, 8]. The sample added with SPI and treated with
MTGase exhibited the highest gel strength.




Figure 2 Gel strength of fish balls as affected by binder
addition and transglutaminase treatment

3.2 Texture Profile Parameters

Hardness, cohesiveness and springiness as obtained
from texture profile analysis of the fish ball samples
were shown in Figures 3, 4 and 5.

Hardness was found to be greatly affected by
binder addition and transglutaminase treatment (Figure
3). Hardness became increasing with the addition of
binder or MTGase, with the sample added with SPI
and treated with MTGase exhibited the highest
hardness.

Even to a lesser extent as compared to hardness,
cohesiveness (Figure 4) and springiness (Figure 5) also
increased upon addition of binder or MTGase.

Figure 3 Hardness of fish balls as affected by binder
addition and transglutaminase treatment

Figure 4 Cohesiveness of fish balls as affected by
binder addition and transglutaminase treatment

Figure 5 Springiness of fish balls as affected by binder
addition and transglutaminase treatment

3.3 Water Holding Capacity

Water holding capacity of the fish balls was
reported in terms of expressible water (Figure 6). A
sample with high water holding capacity will result in
lower amount of expressible water upon
centrifugation. It was found that both binder and
MTGase helped decrease the amount of expressible
water significantly. This was due to the fact that
binder and MTGase helped increase the strength of gel
network thus increasing it water holding capacity [9].

Figure 6 Expressible water of fish balls as affected by
binder addition and transglutaminase treatment

3.4 Whiteness

Whiteness of the fish ball samples was shown in
Figure 7. Addition of WF, SPI and WF/SPI mixture
was found to pose no significant effect on whiteness of
the product. This may be due to the low amount of the
binders used. A former study [10] reported that use of
SPI in the amount greater than 4% resulted in an
increase in yellowness of low-fat bologna.

Transglutaminase treatment, on the other hand, did
not affect whiteness of the fish ball. The observed
effect was similar to previous reports [8, 11].




Figure 7 Whiteness of fish balls as affected by binder
addition and transglutaminase treatment

3.5 SDS-PAGE
The SDS-PAGE protein pattern of the fish ball
samples was shown in Figure 8.
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Figure 8 SDS-PAGE protein pattern of (a) 1.25%
NaCl fish ball, analyzed using 10% separating gel, (b)
1.25% NaCl fish ball, analyzed using 7.5% separating
gel, (c) 1.50% NaCl fish ball, analyzed using 10%
separating gel, and (d) 1.50% NacCl fish ball, analyzed
using 7.5% separating gel. M represents protein
marker; Lane 1 was the control; Lanes 2, 3, 4 were the
fish ball samples containing WF, WF/SPI and SPI,
respectively; Lanes 5, 6, 7 were the fish ball samples
containing WF, WF/SPI and SPI, with added MTGase,
respectively. MHC represents myosin heavy chain
(205 kDa) of the fish protein. o, o, and 3 represent the
o', o, and B subunits of soy pB-conglycinin. AS
represents the acidic subunit of the soy glycinin.

It was observed that the band intensity of the fish
myosin heavy chain (MHC) (205 kDa) (Figure 8a and

8c) as well as that of the fish actin (45 kDa) (Figure 8b
and 8d) were not affected by the addition of binders.

In contrast, upon transglutaminase treatment, the
bands represent the fish MHC (Figure 8a and 8c) and
actin (Figure 8b and 8d) noticeably decreased in
intensity. At the same time, there was also an increase
in the band intensity of the proteins with molecular
weight greater than 205 kDa, shown as darker band on
top of the stacking gel in Figures 8a and 8c. These
changes indicated the increase in protein cross-linking
due to the action of MTGase.

4, Conclusions

Binders, especially soy protein isolate, were proved
to be effective in improving gel strength, hardness,
cohesiveness, springiness and water holding capacity
of the fish ball. Transglutaminase treatment was
shown to increase protein cross-linking, thus
improving gel strength, hardness, cohesiveness,
springiness and water holding capacity of the product.
On the other hand, whiteness of the fish ball was not
affected by addition of binders or transglutaminase.
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Abstract: This research was aimed at studying the effect
of coagulants (hydrochloric acid and citric acid) on
solubility and emulsifying properties of protein
concentrates from mung bean (Vigna radiata (L.)
Wilczek) and adzuki bean (Vigna angularis). Both mung
bean protein concentrate (MPC) and adzuki bean protein
concentrate (APC) were prepared using isoelectric
precipitation method. = The pH of suspension was
adjusted to 5.0 and then 4.5, respectively. The obtained
protein precipitates were adjusted to pH 7.0 and were
dried in a tray dryer at 55 °C for 8 hours. The minimum
solubility of MPC and APC was found at the pH range of
4.0-5.0. The protein solubility increased when the pH was
higher or lower than the pH range of 4.0-5.0. However,
APC exhibited better solubility than the MPC at all pH
studied (p<0.05). Protein concentrates from both beans
precipitated with hydrochloric acid were more soluble
compared to samples treated with citric acid. The
highest solubility of MPC and APC treated with
hydrochloric acid was found at pH 10 with the value of
80.12% and 91.59%, respectively while that of the MPC
and APC treated with citric acid was also found at the
same pH with the value of 77.40% and 86.36%,
respectively. The water-holding capacity (WHC) of
protein concentrates was determined at various pH (3.5,
5.5 and 7.5). It was found that, at the pH studied, MPC
and APC treated with hydrochloric acid showed a higher
WHC than samples treated with citric acid. The
emulsifying property was influenced by type of
coagulants. Protein concentrates treated with
hydrochloric acid exhibited higher emulsifying activity
index but lower emulsifying stability index than those
treated with citric acid. The difference in functional
properties of MPC and APC prepared using different
coagulants may come from the chemical composition of
protein concentrates.

Keywords: Protein concentrates; Mung bean; Adzuki
bean; Coagulants; Solubility

1. Introduction

Protein concentrates, containing a minimum of
70% protein, are produced from various sources of
food such as legumes, cereals and whey. Protein
concentrates can be prepared from various processes,
for example, acid precipitation, extraction with 20-
80% aqueous ethanol and moist heat [1]. One of the
most popular techniques is the precipitation with
coagulants at isoelectric point of proteins. Legume
proteins have the isoelectric point at a pH range of 4.0-
5.0 [2]. The commonly used coagulants are acid
solutions. They can be either organic acids such as

citric acid and acetic acid or inorganic acids, for
instance, hydrochloric acid and sulfuric acid [3].

Using different coagulants affect chemical
compositions and functional properties of the obtained
protein concentrates. It was found that potato protein
concentrate  precipitated with hydrochloric  acid
contained higher protein and lipid content than protein
concentrate treated with citric acid [4]. In mung bean
protein precipitation, using hydrochloric acid gave
higher amount of protein than citric acid [5].
Furthermore, coagulants also affect protein
functionality. The functional properties of proteins
mean those physicochemical properties affecting the
behavior of proteins in food systems during
preparation, processing, storage and consumption [6].
The main functional properties are the solubility, water
holding capacity, oil binding capacity, foaming and
emulsifying property. Wongpratheep and Pukruspan
[5] reported that mung bean protein concentrate treated
with hydrochloric acid exhibited better solubility and
emulsifying property than protein concentrate treated
with citric acid

Since, proteins from legumes are increasingly
interesting as ingredient in food products. Protein
concentrate prepared via coagulant precipitation is
considered as simple and convenient technique. Thus,
this research is aimed at studying the effect of
coagulants (hydrochloric acid and citric acid) on
functional properties of protein concentrates from
mung bean and adzuki bean.

2. Materials and Methods

2.1 Materials

Mung bean from Raitip® brand and adzuki bean
from Royal Project Foundation were ground using
Soybean grinder (NSB-6, Lita Hatsuyuki, Bangkok,
Thailand). Flours from both beans were then passed
to 100-mesh sieve and packed in aluminum foil
laminated bag.

2.2 Preparation of mung bean and adzuki bean protein
concentrates

Each flour (mung bean and adzuki bean) was
dispersed in distilled water by 1:10 (w/v) ratio. The
slurry was adjusted to pH 9.5 with 1 M NaOH and
kept at room temperature (302 °C) for 1 hour. It was
then centrifuged at 3,500xg for 20 min. The




Table 1 : Chemical composition of mung bean and adzuki bean protein concentrates treated with HCI and citric acid

Chemical composition MPC-HCI MPC-CA APC-HCI APC-CA
moisture 5.17°+0.31 5.14°+0.29 5.83% 0.31 5.69%+0.11
lipid 1.10°0.11 0.84°0.14 1.61% 0.27 1.43%+0.48
protein 80.67°+0.35 77.71°+1.34 73.70°+0.81 71.45%1.53
ash 4.38°+0.28 4.89°+0.14 4.40°+0.07 4.69°+0.18
carbohydrate’ 8.689+0.45 11.42°+1.12 14.46°+0.94 16.74°+1.88

* (a,b,c,d):Different superscript letters in the same row indicate significant difference (p < 0.05).

+ Carbohydrate content is calculated from 100 — (moisture -lipid - protein —ash)

supernatant was adjusted to pH 5.0, holding about 15
min, and then to pH 4.5 with two different coagulants
(6 M HCI and 6 M citric acid). The obtained slurry
was then centrifuged at 3,500xg for 20 min. The
obtained protein precipitate was adjusted to pH 7.0
using 1 M NaOH. The sample was dried in a tray
dryer at 55 °C for 8 hours. Dried protein (moisture
content < 6%) was passed to 100-mesh sieve and filled
in aluminum foil laminated bag and stored at room
temperature (30+2 °C).

2.3 Chemical composition analysis

Four types of protein concentrates, mung bean
protein concentrate treated with either HCI or citric
acid (MPC-HCI and MPC-CA) and adzuki bean
protein concentrate treated with either HCI or citric
acid (APC-HCI and APC-CA), were determined for
their moisture, lipid, protein (conversion factor 6.25)
and ash content according to the standard methods of
analysis [7]. Carbohydrate content was calculated as
follows: Carbohydrate content = 100 — (moisture -
lipid - protein — ash)

2.4 Functional properties

2.4.1 Protein solubility

The protein solubility was determined according to
the method of Adebowale and Lawal [8] with a slight
modification. Protein concentrate was dissolved in
distilled water to obtain 1% (w/v) solution. The pH of
the suspension was adjusted with 1 M HCl or 1 M
NaOH to cover the range of 2 to 10. The suspension
was stirred for 1 hour at room temperature (30+2 °C)
and then centrifuged at 4,000xg for 15 min. The
protein content of the supernatant was determined
using the Lowry's method [9]. The percentage of
protein solubility was calculated as follows: Protein
solubility (%) = (amount of protein content in the
supernatant)/(amount of protein content in the sample)
x 100

2.4.2 Water holding capacity (WHC)

Water holding capacity was determined according
to the method of Quinn and Paton [10]. Sample (1 g)
was added to 10 ml of distilled water. The pH of the
suspension was adjusted with 0.1 M HCI or 0.1 M
NaOH. After being stirred for 1 min, the suspension
was then centrifuged at 8,200xg for 15 min.  Three

different pH values (3.5, 5.5 and 7.5) were tested. The
supernatant was carefully removed and the sample
was weighed. The water holding capacity was
expressed as gram of water per gram of the sample.

2.4.3 Emulsifying properties

The emulsifying activity index (EAI) and
emulsifying stability index (ESI) of the protein
concentrates were determined according to the method
of Pearce and Kinsella [11]. The emulsion was diluted
(1:400 v/v) with 0.1% (w/v) sodium dodecyl sulfate.
The absorbance was measured at 500 nm. EAI and ESI
were calculated as follows: EAI (m2/g) = (2 x 2.303 x
Ay x dilution factor)/(c x @ x 10000), ESI (min) = (t X
At)/At  where c is the initial concentration of protein
(g/ml), @ is the fraction of oil used to form the
emulsion (0.25), A, is the absorbance of diluted
emulsions, t is the turbidity at Ao, and At is the
change in turbidity after a time interval (60 min),
respectively.

2.5 Statistical analysis

All experiments in this study were reported as mean
and standard deviation of three replicates. Analysis of
variance (ANOVA) was carried out to compare the
mean values. Differences in the mean values were
determined using Duncan's multiple range tests (SPSS
v.11 for Windows®, SPSS Inc., Chicago, IL).

3. Results and Discussion

3.1 Chemical composition

The chemical composition of four protein
concentrates is shown in Table 1. The protein
concentrates from same type of bean exhibited no
significant difference (p > 0.05) in moisture and fat
contents but the significant difference (p < 0.05) was
found in protein, ash and carbohydrate contents.
MPC-HCI and APC-HCI contained considerably
higher protein content but lower ash and carbohydrate
content than MPC-CA and APC-CA. Using HCI, a
strong acid, creates more dissociated intermolecular
forces between protein molecules in the protein bodies
attached to starch granules than citric acid, a weak
acid, does. So protein molecules are better promoted
for coagulation and precipitation in the precence of
HCI [3,12]. These results corresponded to
Wongpratheep and Pukruspan [5] who reported that
mung bean protein concentrate treated with HCI




exhibited significantly higher protein content than
protein concentrate treated with citric acid (p < 0.05).
Knorr [4] also found that, in potato protein
precipitation, using HCI showed higher protein content
than citric acid.

Mung bean protein concentrates showed higher
protein content but less carbohydrate content than
adzuki bean protein concentrates. It was because
proteins in adzuki bean are tightly bound to starch
structure compared to that in mung bean [13]. This
leads to the difficulty in protein extraction.

3.2 Functional properties

3.2.1 Protein solubility

Protein solubility at different pH (2-10) of four
protein concentrates is shown in Figure 1. The pH
solubility curves obtained for four protein concentrates
exhibited minimum value in the range of 4.0 to 5.0.
The protein solubility increased when the pH was
higher or lower than this pH range. The minimum
solubility for most plant proteins is at their isoelectric
point at pH 4.0-5.0 [14]. At isoelectric point, net
charge on the proteins is close to zero. As a result,
there are no repulsive interactions, protein
precipitation occurs. At low pH, positive net charge of
proteins is induced, while the proteins at high pH are
conducted to the negative net charge. Thus, repulsive
forces increase, resulting in more solubility of those
proteins [15]. This observation is in good agreement
with those reported for soy protein concentrate [2],
adzuki bean protein isolate [16] showing the minimum
solubility at a pH range of 4.0 to 5.0.

MPC-HCI and APC-HCI exhibited better solubility
than MPC-CA and APC-CA (Figure 1la and 1b). The
highest solubility of MPC-HCI and APC-HCI was
found at pH 10 with the value of 80.12% and 91.59%,
respectively while that of the MPC-CA and APC-CA
was also found at the same pH with the value of
77.40% and 86.36%, respectively. Protein concentrates
treated with citric acid had lower solubility. It may be
due to the increasing of the hydrophobic amino acid
contents on surface of protein molecules [4]. This
results in lower protein-water interaction than in
protein concentrates treated with HCI.

Protein concentrates from adzuki bean showed
higher solubility than that from mung bean at all pH
studied (p < 0.05). It might be possible that protein
solubility is affected by the hydrophilic-lipophilic
balance of amino acids on the protein molecules [17].
The glutamic and aspartic acids contents in the adzuki
bean were reported to be higher in the mung bean [18].
Both amino acids showed negative net charge at a pH
higher than pl, thus increasing the protein-water
interaction in adzuki bean protein.

3.2.2 Water holding capacity (WHC)

In Table 2, no significant difference (p > 0.05) was
found in water holding capacity (WHC) of four protein
concentrates at pH 3.5 whereas the significant

difference (p < 0.05) was found in WHC of four
samples at pH 5.5 and 7.5. All samples showed the
highest WHC at pH 7.5; the lowest WHC was at pH
5.5. pH 5.5 was found to be close to isoelectric point
of protein concentrates (4.0-5.0, Figure 1). At this pH,
it led to a decrease in the formation of hydrogen
bonding between water molecules and protein
molecules at pH 5.5.
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Figure 1. Protein solubility (%) of (a) mung bean
protein concentrate and (b) adzuki bean protein

concentrate treated with HCI and citric acid at pH-
range 2-10

MPC-HCI and APC-HCI showed higher WHC
than MPC-CA and APC-CA because the protein
content of protein concentrates treated with HCI was
higher than protein concentrates treated with citric
acid, so they could bind more water. Kinsella [6]
reported that water holding capacity increased with
increasing protein concentration. These results were
agreed well with Wongpratheep and Pukruspan [5]
who reported that mung bean protein concentrate
treated with HCI exhibited significantly higher WHC
than protein concentrate treated with citric acid (p <
0.05).

Adzuki bean protein concentrates exhibited better
WHC than mung bean protein concentrate because
protein concentrates from adzuki bean possess higher
amount of polar or hydrophilic amino acid compared
to mung bean [19]. It resulted in an increase in the




amount of water remaining within the protein
molecules by forming hydrogen bonding.

Table 2 : Water holding capacity of mung bean and
adzuki bean protein concentrates treated with HCI and
citric acid at pH 3.5, 5.5 and 7.5

sample WHC (g water/g protein)

pH 3.5™ pH 5.5 pH 7.5
MPC-HCI  2.64°+0.12 2.45"°+0.09 3.13“°+0.10
MPC-CA  2.53°+0.06 2.23%°40.07 2.89°%+0.04
APC-HCI  2.73°+0.14 2.63"°+0.14 3.67°%+0.12
APC-CA  2.65°+0.04 2.46"°+0.06 3.39%%+0.01

* (A,B,C,D):Different superscript letters in the same column indicate
significant difference (p < 0.05).

* (a,b,c,d):Different superscript letters in the same row indicate significant
difference (p < 0.05).

*ns = no significant differences (p > 0.05) in the same column.

3.2.3 Emulsifying properties

Emulsifying properties of all protein concentrates
are shown in Table 3. MPC-HCI and APC-HCI
exhibited significantly higher emulsifying activity
index (EAI) but lower emulsifying stability index
(ESI) than MPC-CA and APC-CA (p < 0.05). The
EAI of protein concentrates is related to its solubility
[2,16]. The higher value of EAIl of mung bean and
adzuki bean protein concentrates treated with HCI may
be attributed to its higher solubility (Figure 1). The
higher solubility of proteins will increase protein
migration to oil-water interface which enhances
interaction between unfolding proteins and oil at the
interface [20]. The lower value of ESI was observed
in bean protein concentrates treated with HCI. This
was due to the higher amount of protein in HCl-treated
bean protein concentrates. High amount of protein
may lead to protein-protein interaction instead of
protein-oil interaction at oil-water interface [20].
This process promoted flocculation and coalescence,
resulting in reducing emulsion stability.

Protein concentrates from adzuki bean exhibited
higher EAI but lower ESI than mung bean protein
concentrate. The results were attributed to higher
solubility of adzuki bean protein concentrates,
resulting in improving emulsifying activity. The
decreasing in emulsion stability of adzuki bean protein
concentrates may be attributed to higher polar amino
acid of adzuki bean protein concentrates can reduce
protein-oil interaction [19].

Table 3 : Emulsifying properties of mung bean and
adzuki bean protein concentrates treated with HCI and
citric acid

sample EAI (m?/g) ESI (min)

MPC-HCI 12.36" + 0.04 135.31° + 2.50
MPC-CA 10.19° + 0.09 152.58* + 0.87
APC-HCI 13.02° + 0.50 126.00° + 2.83
APC-CA 12.41° + 0.15 135.96" + 1.90

* (a,b,c,d):Different superscript letters in the same column indicate significant
difference (p < 0.05).

4. Conclusions

Various coagulants can be used for protein
concentrate preparation. Using different coagulants
had a significant effect on chemical composition,
protein solubility, water holding capacity and
emulsifying properties. The protein precipitated with
HCI exhibited higher protein content, solubility, WHC
and EAI but lower ESI than those treated using citric
acid. Protein concentrates from adzuki bean showed
higher solubility, WHC and EAI but lower protein
content and ESI than mung bean protein concentrates.
This information may be useful for food processors to
use these protein concentrates as a food ingredient.
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Abstract

Coconut milk is an emulsion which is stabilized by
naturally protein occurring in coconut milk. Protein in
coconut milk can be decomposed by protease enzyme
including erepsin which is commonly found in cucumber.
The main objective of this work was comparative study
of coconut oil production processes using enzyme from
cucumber (37°C, 3h), heating (90°C, 3h), chilling (4°C, 3
hr), fermentation (37°C, 3h) and combination of enzyme
from cucumber follow by chilling. The data implied that
a combination of enzyme from cucumber follow by
chilling provided highest %oyield of coconut oil (20.8%)
as compared another coconut oil production processes
including enzyme from cucumber (18.4%), thermal
(13%0), chilling (16.0%), fermentation (0.4%). Moreover,
Physical and chemical properties including free fatty acid
and peroxide value are evaluated for coconut oil. These
methods of coconut oil production processes provided
coconut oils with low free fatty acid and peroxide value.

1. Introduction

Coconut milk is an oil-water emulsion
which is stabilized by the naturally occurring
protein such as albumins and globulins and
phospholipids such as lecithin and cephalin
[1]. This emulsion is destabilized by using
extra energy to obtain oil by dry and wet
process [2]. In dry process, oil is exposed to
high temperature during refining.
Disadvantage of oil obtained from dry
process is without the natural antioxidant
such as vitamin E. Virgin coconut oil (VCO)
was obtained from fresh and mature coconuts
without thermal treatment and refining which
has more beneficial effect than coconut oil
obtained from dry process [3]. VCO retains
most of the nutritional components,
especially antioxidant [4]. VCO s rich
medium chain fatty acids and contains 48%-
53% lauric acid. The lauric acid in VCO can
be used to antibacterial, antifungal and
antiviral functions [5]. Moreover, VCO is
used in skin care product to prevent wrinkles
and sagging [6]. VCO production processes
was developed from traditionally method
such as fermentation method to new method
to obtain high yield and quality of VCO. In

fermentation method, the milk is allowed to
ferment for a longtime (24-36 h) at ambient
temperature. The disadvantages of this
method are low oil recovery, fermented odor
in the oil and using long time for producing
to obtain oil. Alternative of VCO production
processes is the use of enzymatic
destabilzation of coconut milk emulsion
without the need of thermal treament or
fermentation. This method is stringent
environmental, safety and using short time
for producing to obtain high %yield of
coconut oil. Protein in coconut milk can be
decomposed by protease enzyme including
erepsin  which is commonly found in
cucumber. The main objective of this work
was comparative study of coconut oil
production processes using enzyme from
cucumber, heating, chilling, fermentation and
combination of enzyme from cucumber
follow by chilling.

2. Materials and Methods
2.1 Materials

Coconut milk was obtained form mature coconuts
(10-12 months old). It was procured from the local
Thong song market, Nakhon Sri Thammarat. All
chemicals as analytical grade were procured from J.T.
Baker chemicals, USA.

2.2 Treatment of coconut oil production

2.2.1 Thermal treatment

Freshly extracted coconut milk was heated in a
constant temperature (90°C) for 3 h to destabilize the
coconut milk emulsion. Finally, clear oil was separated
from cream .

2.1.2 Chilling treatment

The coconut milk emulsion was chilled at 4°C for
3h and thawed to ambient condition (37°C). Further,
thawed coconut milk emulsion was centrifuged at
6000 rpm for 30 min to obtain oil.

2.1.3 Fermentation




The coconut milk emulsion was thawed at ambient
temperature (37°C) for 3 h. Further, thawed coconut
milk emulsion was centrifuged at 6000 rpm for 30 min
to obtain oil

2.1.4 Enzyme treatment

Fresh cucumber was procured from the local Thong
song market. It was washed and spin extractor with
pulp mill to obtain solution of crude enzyme. Then
solution of crude enzyme was filtered with four layers
of cheeseclothes. Crude enzyme was mixed with
coconut milk emulsion in ratio 1:1 v/v. This mixture
was thawed to ambient condition (37°C) for 3 h and
then was centrifuged at 6000 rpm for 30 min to obtain
oil.

2.1.5 Combination of crude enzyme from cucumber
and chilling treatments

Fresh cucumber was procured from the local Thong
song market. It was washed and spins extractor with
pulp mill to obtain solution of crude enzyme. Then
solution of crude enzyme was filtered with four layers
of cheeseclothes. Crude enzyme was mixed with
coconut milk emulsion in ratio 1:1 v/v. This mixture
was thawed to ambient condition (37°C) for 1 h and
following by chilling at 4°C for 3 h. Then it was
centrifuged at 6000 rpm for 30 min to obtain oil.

2.3 Chemical properties

Peroxide value and % free fatty acid of
coconut oil from different treatments were
analyzed according to standard method [7,8].
Free fatty acid and peroxide value were
expressed as percentage FFA as lauric acid
and meq O,/kg, respectively.

2.4 Statistical analysis

Oil yield from different treatments was carried out
in triplicates for oil from different treatment.
Significant differences were determined by t-test using
statistical package for social science (SPSS).
Significance of differences was defined at p< 0.05

3. Results and Discussion
3.1 Qil yield from different treatments

Table 1 Oil yield from different treatments

Treatment % Qil yield p-value
Enzyme 18.4 + 1.40 -

Chilling 16.0 = 2.00 0.164
Heating 13.0 = 1.00 0.006
Combined 20.8 = 0.52 0.099
Ferrmentation 0.4 = 0.20 0.000

Oil yield obtained from different treatments
are significantly different at p<0.05
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The oil yield from different treatments including
enzyme from cucumber, heating, chilling, fermentation
and combination of enzyme from cucumber followed
by chilling is presented in fig. 1 and table 1.
Destabilization of coconut milk emulsion was
achieved by employing different treatments such as
heating, enzymes from cucumber, chilling and
combination of enzyme from cucumber followed by
chilling. Oil yield of 18.4% obtained from enzyme
from cucumber treatment is slightly difference as
compared with combination of using enzyme from
cucumber followed by chilling (20.8%) and chilling
(16%) treatments but it is significantly different as
compared with heating (13%), and fermentation
(0.4%) treatments. In enzyme from cucumber
treatment, coconut milk emulsion can be destabilized
by erepsin as protease enzyme in cucumber which
hydrolyzes peptides bonds in the interior of
polypeptide chain to obtained shorter fragment of
protein/peptides.  These  shorter fragments  of
protein/peptides move to the aqueous phase and after
that a high oil yield was observed [9]. Moreover,
combination of using enzyme from cucumber followed
by chilling provide highest yield of coconut oil and
was more effective for the destabilization of coconut
milk emulsion compared to all other treatments. This
result indicated chilling plays an important role in
complete destabilization of coconut milk emulsion by
enzyme from cucumber treatment. At low temperature
in chilling, the solidification of oil take place and
during thawing oil globules loose their spherical
structure and coalesce to form large droplets, resulting
in the high destabilization of the coconut milk
emulsion[10].

3.2 Chemical properties

Chemical properties such as peroxide value and free
fatty acid of coconut oil obtained from different
treatment like enzyme from cucumber, heating,
chilling, fermentation and combination of enzyme




from cucumber followed by chilling as shown in Table
2. The free fatty acid content of coconut oil obtained
from all treatment was relatively low and within the
limits  of  Asian and Pacific Coconut
Community(APCC) standard (<0.5%). It is know that
free fatty acid is responsible for an undesirable flavor
in oils. Free fatty acid is formed during hydrolytic
rancidity, caused by the hydrolysis of and ester by

lipase or moisture [11]. Peroxide value was found to
be 0.30, 0.33, 2.83, 0.36 and 3.16 meq Oy/kg in oil
samples obtained from chilling, heating, combination
of enzyme from cucumber followed by chilling,
fermentation and enzyme from cucumber treatments,
respectively and are within the limits of APCC
standard for VCO (<3meq O,/kg). The peroxide value
of oil obtained from all treatment was low indicating
their high stability against oxidation. However the
stability coconut oil obtained from combination of
enzyme from cucumber followed by chilling and
enzyme from cucumber treatments is lower than
coconut oil obtained from heating, chilling and
fermentation treatments.

Table 2 Free fatty acid (% as lauric acid) and peroxide
value (meq O,kg) of coconut oil

Treatment Free fatty acid Peroxide value
chilling 0.30%+0.02 0.324+0.02
heating 0.21£0.001 0.33£0.04
combined 0.42 £0.01 2.831+0.007
fermentation  0.32 £ 0.00 0.36%0.06
enzyme 0.46£0.00 3.16£0.28

Value are averages * SD from tree replication analysis
4. Conclusions

Destabilization of coconut milk emulsion to
obtain coconut oil was achieved by enzyme
from cucumber, heating chilling,
fermentation and combination of enzyme
from cucumber followed by chilling. The
combination of enzyme from cucumber
followed by chilling was found to play a
significant  role in  the  complete
destabilization of coconut milk emulsion to
obtain the highest oil vyield (20.08%).
Moreover, coconut oil from all treatments
was low free fatty acid and peroxide value
which are within the limits of APCC
standards.
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Abstract: Carbon monoxide (CO) has been used in
modified atmosphere packaging (MAP) of fresh meat in
order to extend the shelf life, maintain their attractive
fresh red color appearance and decrease growth of
spoilage organisms and pathogenic bacteria. However,
CO does not completely inhibit pathogen growth. There
is concern that CO-MAP products might look fresh even
though bacterial levels are high and the meat products
are spoiled. Due to the food safety risk, methods for
sample preparation and determination of CO in meat
and fish tissues for the trace of CO-MAP were proposed
in this research.

The meat drips from tuna, beef and pork tissues were
analyzed by the headspace gas chromatography/mass
spectrometry (headspace GC/MS) with selected ion
monitoring (SIM) mode at m/z 32 (0-5 min) and m/z 28
(5.01-10 min), following the chemical liberation of CO
using potassium hexacyanoferrate(lll) as a gas-releasing
agent. The results had high precision.

Another technique used was the double-wavelength
visible absorption spectrophotometry at 420 and 431
nanometers to determine the percentage of
carboxymyoglobin in the meat drips from tuna, beef and
pork tissues using sodium dithionite solution as a
reducing agent. The calculated results showed high
matrix interferences and this technique was suitable for
tuna meat only.

1. Introduction

The meat industry is continuously developing new
technologies to extend the shelf life, maintain their
attractive fresh red color appearance and decrease
growth of spoilage organisms and pathogenic bacteria.
Modified atmosphere packaging (MAP) of perishable
food is a well-known and approved method in food
industry. The principle of MAP is to replace the
normal atmosphere by a single gas or a mixture of
gases, such as nitrogen (Ny), carbon dioxide (CO,),
oxygen (O,), argon (Ar) and carbon monoxide (CO).
CO was successfully used in fresh and frozen meat
packaging because CO masks the natural surface
discoloration of meat by reacting with myoglobin
(Mb) in the meat and producing a bright-red color
carboxymyoglobin (CO-Mb). [1-3]. CO-Mb is much
more resistant to oxidation than oxymyoglobin (oxy-
Mb), therefore is not transformed into brown iron(ll)
metmyoglobin (met-Mb) [4-6]. However, CO does not
completely inhibit pathogen growth. CO-treatment of
meat product is not allow in the European Community.
There is concern that CO-MAP products might look
fresh even though bacterial levels are high and the

meat products are spoiled. Due to the food safety risk,
methods for sample preparation and determination of
CO in meat and fish tissues for the trace of CO-MAP
were reported, such as gas chromatographic (GC)
method with flame ionization (FID) detection [7], gas
chromatography/mass spectrometric method (GC/MS)
[8] and spectrophotometric method [4,9].

A simple and rapid sample preparation method as
well as determination methods for CO in fish and meat
products by headspace GC/MS with selected ion
monitoring (SIM) mode and double-wavelength
visible absorption spectrophotometry were proposed in
this research.

2. Materials and Methods

2.1 Chemicals and Reagents

All solutions were prepared with analytical grade
reagents and water from a Milli-Q® Water Purification
System (Millipore, USA). The 5 M sulfuric acid
solution was prepared by appropriate dilution of
sulfuric acid (analytical grade, 95-97%, 1.84 g mL™,
Merck, Germany). The 20% (w/v) potassium
hexacyanoferrate(lll) solution was prepared by
dissolving potassium hexacyanoferrate(lll) (analytical
grade, Merck, Germany) in Milli-Q water. The 20 mg
mL™ sodium dithionite solution, used as a reducing
agent, was prepared by dissolving sodium dithionite
(analytical grade, Sigma-Aldrich, USA) in Milli-Q
water. The phosphate buffer solution (PBS, pH 7.0,
analytical grade, deoxygenated) was purchased from
Merck (Germany).

2.2 Sample preparation

Fresh and frozen samples of tuna, beef and pork
were obtained from local markets. Frozen products
were thawed in their original packages. The meat drip
of sample was collected by a gas-tight syringe,
transferred to a vial and closed tightly.

Headspace GC/MS method

A 2.00 mL portion of meat drip was transferred
into a 20-mL headspace vial using a gas-tight syringe.
The vial was immediately capped and connected to
solid phase extraction manifold (Supelco, USA) to
pump the air from the top of sample vial for 10-15
minutes. Then, a 3 mL of a gas-releasing agent was
added into the vial through a septum with a gas-tight
syringe, vortex-mixed and released CO was
immediately analysed by headspace GC/MS.




Visible absorption spectrophotometric method

A 200 uL portion of meat drip was transferred into
avial. 10 pL of 20 mg mL™ sodium dithionite solution
and 3.00 mL PBS pH 7.0 was added. The mixture was
then vortex-mixed, transferred to 1-cm cuvette and
analysed by visible absorption spectrophotometry.

2.3 Analysis

Headspace GC/MS method

Headspace GC/MS analysis of CO was performed
using an Agilent 6890 N gas chromatograph coupled
with an Agilent 5973 mass selective detector (Agilent
Technologies, USA). The system was equipped with
an Agilent 7694 headspace sampler (Agilent
Technologies, USA). Headspace vial equilibration
time was set to 15 min, the purging time was 5 min,
and headspace temperature was maintained at 70 °C.
The GC oven temperature was held constant at 40 °C
and injection port temperature was 200 °C. A HP-
PLOT MOLSIEVE capillary column, 30 m x 0.322
mm i.d. x 12 pm (J&W Scientific, USA) was used.
The carrier gas, helium, was set to a constant flow rate
of 1.5 mL min™. The transfer line was set at 280 °C,
and the Agilent 5973 mass selective detector was
operated in electron ionization (EI) mode at 70 eV.
After 1.00 min solvent delay, the filament was turned
on. Selected ion monitoring (SIM) mode at m/z 32 (0-
5 min) and m/z 28 (5.01-10 min) was used for O, and
CO, respectively. A dwell time of 150 ms was chosen.

Visible absorption spectrophotometric method

Visible absorption spectra of the samples were
recorded with ultraviolet-visible spectrophotometer
(HP 8453, Hewlett Packard, USA). The absorbance
was measued at two different wavelengths, 420 and
431 nanometers, corresponding to the absorption
maxima of CO-Mb and deoxy-Mb, respectively. The
relative amount of CO-Mb (yco) in the presence of
deoxy-Mb was calculated by Equation (1):

_ P 078 Ay <087

where A0y and Az are the absorbance values at 420
and 431, respectively [9].

Xco

3. Results and Discussion

3.1 Headspace GC/MS method

Optimum CO-releasing agent

In this work, headspace GC/MS was used to
measured CO released from the meat drips of MAP
frozen meat products. Therefore, the results of CO
were depended on CO-releasing agent. Two types of
CO-releasing agent, 5 M sulfuric acid (H,SOy)
solution [7] and 20%  (w/v)  potassium
hexacyanoferrate(lll), KsFe(CN)g, solution [8], were
compared. As shown in Table 1, the amount of CO
liberlated from the meat drips of treated tuna, pork and
beef samples via potassium hexacyanoferrate(l11) were
higher than those obtained with sulfuric acid.
Therefore, 20% (w/v) potassium hexacyanoferrate(l11)
solution was selected for further work.

Table 1: Percentage of CO determined by headspace
GC/MS, following the chemical liberation of CO using
different gas-releasing agent, sulfuric acid or
potassium hexacyanoferrate(lI1).

%CO
Sample
H,SO, KsFe(CN)g
Treated tuna 67.45 74.74
Treated pork 63.52 74.31
Treated beef 66.32 76.34

Analysis of frozen treated tuna, pork and beef

Exemplary chromatogram of CO liberated from the
meat drip of treated meat sample is presented in Figure
1. Typical retention times were 1.17 min for O, peak
and 6.43 min for CO peak. The percentage of CO was
calculated by the ratio of the area of CO peak and the
sum of the area of CO peak and O, peak. The
exemplary EI mass spectrum of CO liberated from the
meat drip of treated tuna are shown in Figure 2. Table
2 shows CO content of gas liberlated from the meat
drips of treated tuna, pork and beef as determined by
headspace GC/MS, following the chemical liberation
of CO using potassium hexacyanoferrate(lll) as gas-
releasing agent. High percentage of CO detected in
these samples indicated that these meat products has
been packaged in CO modified atmosphere. Moreover,
the results had high precision.

Figure 1. Exemplary chromatogram of gas released
from the meat drip of treated tuna sample.

3.2 Visible absorption spectrophotometric method

Optimum amount of reducing agent

To determine the relative amount of CO-Mb (xco),
the iron(111) met-Mb was reduced to iron(ll) deoxy-Mb
using 20 mg mL™ sodium dithionite solution. The
effect of the amount of reducing agent on yco was
studied using 10, 20 and 30 pL of 20 mg mL™ sodium
dithionite solution. The results in Table 3 showed no
significant difference in yco when different volumes of
sodium dithionite solution were used. Consequently,




Figure 2. Exemplary El mass spectrum of CO released
from the meat drip of treated tuna sample.

Table 2: CO content from the meat drips as determined
by headspace GC/MS, after the chemical liberation of
CO using KsFe(CN)g as gas-releasing agent.

Table 4: yco from the meat drips as determined by
visible absorption spectrophotometric method using
sodium dithionite solution as reducing agent.

Sample %co (%0) %RSD

Fresh tuna 39.97 (N=3) 5.98

Treated tuna 56.55 (N = 5) 8.89

Fresh pork 62.34 -
Treated pork 137.62 -
Fresh beef 76.52 -
Treated beef 91.05 -

Table 5: Comparison of CO content of the meat drips
determined by headspace GC/MS and visible
absorption spectrophotometry.

headspace visible absorption

Sample GC/MS spectrophotometry

CO RSD  yco RSD RPD*
(%) (%) (%) (%)

Sample CO (%) RSD (%)
Treated tuna 74.74 (N = 5) 3.00
Treated pork 74.31 (N =3) 8.59

Treated beef

76.34 (N = 3) 0.14

Table 3: yco determined by visible absorption
spectrophotometric method using different volumes of
sodium dithionite solution.

Treated tuna 74.74 3.00 56.55 8.89 -18.19
Treated pork 74.31 8.59 13762 -  +63.31
Treated beef 76.34 0.14 91.05 - +14.71

Volume of Absorbance
sodium dithionite Xco

0)
solution (uL) 420nm  431nm (%)

Treated tuna 0.99800 0.89947  21.59
Treated pork 1.01420 0.91497 2151
Treated beef 1.32300 1.22240 19.43

10 uL of 20 mg mL™ sodium dithionite solution was
used for complete reduction of met-Mb to deoxy-Mb.

Analysis of frozen treated tuna, pork and beef

Table 4 shows yco determined by double-
wavelength visible absorption spectrophotometric
method at 420 and 431 nm. yco values from the meat
drips of the CO-treated samples are markedly higher
than those obtained from the untreated fresh samples.
However, yco values of both treated and untreated
pork and beef are rather too high. This may be caused
by high matrix interferences of the meat drips from
pork and beef. Then, Equation (1) which previously
reported for determination of CO in treated fish tissues
[9], was not practical to calculate yco values of the
meat drips from pork and beef samples. Therefore, this
method was suitable for tuna only.

Validation of visible spectrophotometric method
The results of CO determined by visible absorption
spectrophotometric method were compared with those

*RPD = relative percent difference

obtained by high accuracy and precision headspace
GC/MS method are shown in Table 5. The relative
percent difference (RPD) for analysis of CO in treated
tuna by both methods was lower than 20%, which
confirmed that the visible absorption
spectrophotometric method was acceptable method for
determination of CO in treated tuna.

4. Conclusions

A simple and rapid sample preparation method and
determination methods for CO in the meat drips from
CO-MAP frozen fish and meat products by headspace
GC/MS with SIM mode and double-wavelength
visible absorption spectrophotometry were developed.
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ABSTRACT: The objective of this study was to
investigate the allelopathic effects of T. erecta extracts on
seed germination and seedling growth of Chinese
amaranth (Amaranthus tricolor L.) and barnyardgrass
(Echinochloa crus-galli [L.] Beauv.). The crude methanol
extract from the leaves of T. erecta was fractionated using
four solvents: n-hexane, dichloromethane, ethyl acetate
and n-butanol. The seeds were germinated in petri dishes
with varied concentrations (500-4000 ppm) of different
fractions; distilled water was used as the control. The
results indicated that the n-hexane and dichloromethane
fractions influenced the seed germination and seedling
growth of Chinese amaranth. At 500 ppm, the n-hexane
and dichloromethane fractions completely inhibited the
germination of Chinese amaranth. For the
barnyardgrass, the n-hexane fraction was observed at
2000-4000 ppm concentrations reduced the seed
germination, shoot, and root length while the
dichloromethane fraction at 4000 ppm inhibited the
shoot and root length. These results indicated that T.
erecta may contain growth inhibitory substances and
possess allelopathic activity. Further studies are required
to identify and isolate effective allelochemicals from this
plant which can be used as an environmental friendly
herbicide for weed control.

1. Introduction

Allelopathy is most commonly defined as the direct
or indirect detrimental or beneficial effects of one
plant including microorganisms on the germination,
growth, or development of other plants through the
production of chemicals (allelochemicals) that escape
into the environment [1]. Allelopathic interactions
between plants have been implicated in the patterning
of vegetation and weed growth in an agricultural
system and in inhibition of the growth of several crops
[2]. There are several natural products or mixtures of
natural products, mostly extracts from plant origins,
such as essential oils that are commercialized as crop
protection products for use in organic agriculture [3].
Allelochemicals are found in all plant parts, including
the roots, stems, rhizomes, flowers, inflorescences and
leaves [1]. Kamara et al. reported the strong
allelopathic activity of Tetrapleura tetraptera leaf
extracts on cowpea germination and early reduction
developments of cowpea dry matter in pot experiments
[4]. Organic solvents have always been used for the
extraction of bioactive compounds from plant
materials with different efficiencies for individual
classes of bioactive compounds. Various solvent

systems have been used for the extraction of secondary
metabolites from plant materials because extraction
efficiency depends on the nature of the chemical.
Tagetes erecta belongs to the family of Asteraceae, a
prevalent garden plant and is commonly known as
Marigold. It is very popular garden plants and yields a
strongly aromatic essential oil (tagetes oil), which is
mainly used for the compounding of high-grade
perfumes. Different parts of this plant are used in folk
medicine to cure various diseases [5]. Phytochemical
studies carried out with different species of Tagetes
have revealed the presence of flavonoids and terpenes
displaying pharmacological and insecticidal properties
[6,7]. Although much research has been done on T.
erecta in different aspects, little information is
available concerning the allelopathic potential of T.
erecta on weed. Its was, therefore, of interest to
determine the allelopathic potential of T. erecta using
crude organic extracts of T. erecta leaves by
evaluating its effect on the seed germination and
seedling growth of test plant species, Chinese
amaranth (A. tricolor L.) and barnyardgrass (E. crus-
galli [L.] Beauv.), in the laboratory bioassay condition.

2. Materials and Methods

2.1 Plant materials and test plants

The study consisted of 3-factors (i) Test plants: 2
[Chinese amaranth (A. tricolor) and barnyardgrass (E.
crus-galli (L.) Beauv.)], (ii) crude organic extracts in
solvents: 4 (hexane, dichloromethane, ethyl acetate
and butanol) and (iii) crude organic extracts
concentrations: 5 (0, 500, 1000, 2000, 4000 ppm). The
seeds of Chinese amaranth were purchased from Thai
Seed & Agriculture Co., Ltd., Bangkok, Thailand and
the barnyardgrass seeds were collected (August 2011)
from paddy fields in the Minburi District, Bangkok,
Thailand. The germination of test seeds was > 80%.

Leaves of T. erecta were collected from the
Faculty of Agricultural Technology at King Mongkut’s
Institute of Technology Ladkrabang, Bangkok,
Thailand in June of 2011. After collection, the mature
and healthy leaves were washed with tap water to
remove soil and other debris, then dried in a hot air
oven at 45 °C for 3 days. The dried leaves were kept at
room temperature until extraction.




2.2 Extracting of T. erecta

The dried leaves (1.2 Kg) of T. erecta were ground
to powder in an electric blender and macerated in
methanol (4 L) at room temperature for 7 days with
occasional stirring and shaking. The extract was then
filtered first through a fresh cotton plug and finally
with Whatman No. 1 filters paper. The filtrate was
concentrated to dryness under reduced pressure using a
rotary evaporator at 50 °C. The methanol paste crude
extract (216.10 g) was suspended in water (400 mL)
and was then further partitioned with n-hexane,
dichloromethane (DCM), ethyl acetate (EtOAc) and n-
butanol using a separatory funnel. The collected
extracts were evaporated to dryness using a rotary
evaporator before left air dried in a fume cupboard.
Dried paste extracts were kept in refrigerator at 4 °C
for further bioassay.

2.3 Bioassay

The 4-dried samples concentrated from hexane,
dichloromethane, ethyl acetate and n-butanol were
again dissolved in each solvent to compare their
inhibitory effects. Five-hundred pL of each crude
extract solutions (5000, 10000, 20000 and 40000 ppm
concentrations) were added to petri dishes (9 cm
diameter) lined with germination paper. The solutions
were allowed to evaporate for 3 h at room temperature.
After evaporation, 5 mL of distilled water was added
on the germination paper to obtain 500, 1000, 2000
and 4000 ppm concentrations. Then 20 seeds of the
test plant were placed on the germination paper as per
the treatments. The control received only distilled
water. The treatments were replicated 4-times in a
completely randomized design. All petri dishes were
covered and left at room temperature (32 °C day and
28 °C night) under natural light conditions (0600 h —
1800 h). After 7 days, germination (%), shoot and root
length were recorded for all treatment. Inhibition (%)
relative to control, was calculated as under:

Inhibition (% of control) = [1-(sample extracts/control)]
x100

2.4 Statistical analysis

Differences in the percentages of seed germination
and root and shoot lengths were assessed by an
analysis of variance statistical method. Comparisons
between the treatments were made at a 0.05
probability level using Duncan’s Multiple Range Test
(DMRT).

3. Results and Discussion

3.1 Effects of crude organic extracts of T. erecta
leaves on seed germination of the test plant species
The inhibitory activity of crude organic extracts of
T. erecta leaves on the seed germination of Chinese
amaranth and barnyardgrass is shown in Table 1.
Crude hexane and DCM extracts at concentrations of
1000-4000 ppm completely inhibited the seed

germination of Chinese amaranth while crude EtOAc
and n-butanol had no the inhibitory effect on the seed
germination of Chinese amaranth. In barnyardgrass, a
crude hexane extract at concentrations of 2000-4000
ppm inhibited the seed germination while the other
crude extracts had no inhibitory effect on seed
germination.

Table 1: Effect of crude organic extracts of T. erecta

leaves on germination of the test plant species

Concentrations  Chinese amaranth Barnyardgrass
(ppm) (%inhibition) (Y%inhibition)
Control (0) 0.00 + 0.00d 0.00+5.12¢c
Hexane 500 40.00 + 8.16b 17.95 + 0.00bc
Hexane 1000 100.00 £ 0.00a 17.95 + 0.00bc
Hexane 2000 100.00 + 0.00a 58.97 + 5.92ab
Hexane 4000 100.00 £ 0.00a 71.79 £ 6.40a
DCM 500 90.00 + 0.00a 12.82 + 5.92bc
DCM 1000 100.00 + 0.00a 2.56 +5.92c
DCM 2000 100.00 + 0.00a 17.95 + 0.00c
DCM 4000 100.00 + 0.00a 33.33 £ 5.92abc
EtOAc 500 0.00 +0.00d 5.13+£9.82c
EtOAc 1000 2.50 + 5.00cd 2.55+5.92¢c
EtOAc 2000 35.00 = 5.77bcd 0.00£5.12¢
EtOAc 4000 42.50 £ 5.00b 5.13+9.82c
n-Butanol 500 0.00 + 0.00d 20.51 +9.82bc
n-Butanol 1000 2.50 + 5.00cd 15.38 + 5.12hc
n-Butanol 2000 5.00 = 5.77bcd 20.51 £ 9.82bc
n-Butanol 4000 15.00 £ 5.77bcd 5.13 £ 5.12¢c

Mean values in each column followed by the same letter are not
significantly different at P=0.05 according to the Duncan’s multiple
range test.

3.2 Effects of crude organic extracts of T. erecta
leaves on seedling growth of the test plant species

The effects of the crude extracts of T. erecta leaves
on the shoot and root length of Chinese amaranth are
shown in Table 2. Crude hexane and DCM extracts
exhibited marked shoot and root growth inhibition on
Chinese amaranth which was also concentration
dependent. At 500 ppm concentration, the crude
hexane extract reduced root length by 53.46% but it
had no inhibitory effect on shoot length while the
crude DCM extract reduced both shoot and root length
by 79.22% and 84.85%. The results indicate that
seedling growth of Chinese amaranth was completely
inhibited at 1000-4000 ppm concentrations.




Table 2: Effects of crude organic extracts of T. erecta
leaves on seedling growth of Chinese amaranth

Concentrations

Chinese amaranth

(ppm) (%inhibition)

Shoot length Root length
Control (0) 0.00 +5.02cde 0.00 + 4.57de
Hexane 500 26.94 + 1.12bcd 53.46 + 1.19bc
Hexane 1000 100.00 + 0.00a 100.00 + 0.00a
Hexane 2000 100.00 + 0.00a 100.00 + 0.00a
Hexane 4000 100.00 + 0.00a 100.00 + 0.00a
DCM 500 79.22 +5.52ab 84.85 + 1.65ab
DCM 1000 100.00 + 0.00a 100.00 + 0.00a
DCM 2000 100.00 + 0.00a 100.00 + 0.00a
DCM 4000 100.00 + 0.00a 100.00 + 0.00a
EtOAc 500 4.42 + 4.72cde -21.48 £2.07e
EtOAc 1000 -10.65 + 4.41de -7.83 £ 6.38e
EtOAc 2000 -10.91 + 1.23de 20.82 + 3.60cde
EtOAc 4000 45.45 + 3.99bc 54.70 + 7.96bc
n-Butanol 500 7.79 = 7.78cde -21.82 +3.07e
n-Butanol 1000 -19.48 + 6.52de -13.49 + 3.63e
n-Butanol 2000 -38.96 £ 5.97¢ -14.82 + 2.37e
n-Butanol 4000 -11.95 + 2.49de 4155 +5.81cd

Mean values in each column followed by the same letter are not
significantly different at P=0.05 according to the Duncan’s multiple

range test.

In barnyardgrass, crude hexane at 2000-4000 ppm
concentrations slightly high inhibited shoot and root
length while DCM at the highest concentration (4000
ppm) inhibited root length by 71.14% (Table 3). All
the applied concentrations of crude EtOAc and n-
butanol had no inhibitory effect on either shoot or root

length of barnyardgrass.

Table 3: Effects of crude organic extracts of T. erecta
leaves on seedling growth of barnyardgrass

Concentrations Barnyardgrass
(ppm) (%inhibition)

Shoot length Root length
Control (0) 0.00 + 4.07bc 0.00 + 2.70cde
Hexane 500 17.49 + 4.88bc 23.09 £ 1.29cd
Hexane 1000 18.09 + 2.96bc 32.41 +3.81bc
Hexane 2000 66.74 + 3.34a 71.37 +2.83ab
Hexane 4000 68.02 £5.11a 83.57 +4.37a
DCM 500 -0.97 £ 2.72bc -1.11 £ 7.09cde
DCM 1000 2.10 + 7.84bc 4.11 £ 7.18cde
DCM 2000 3.53+1.77bc 32.19 £ 8.28bc
DCM 4000 34.01 + 3.26ab 71.14 £ 5.23ab
EtOAc 500 2.07 £ 6.78bc -0.67 £ 2.98cde
EtOAc 1000 1.35 + 4.69bc -34.74 + 4.90e
EtOAc 2000 3.08 +1.35bc 15.65 +5.21cd
EtOAc 4000 -1.35 +4.01c 2.11 + 0.40cde
n-Butanol 500 0.97 +2.78bc -18.53 £ 2.79de
n-Butanol 1000 -3.68 + 4.62¢ -30.63 + 0.50e
n-Butanol 2000 -0.60 * 3.78bc -19.76 £ 2.09de
n-Butanol 4000 -5.93 +4.90c -6.22 = 1.12cde

Mean values in each column followed by the same letter are not
significantly different at P=0.05 according to the Duncan’s multiple
range test.

The results from this study showed that crude hexane
and DCM extracts of T. erecta leaves significantly
inhibited seed germination and the shoot and root

growth of test plants used in this research. This
inhibitory activity was proportional to the extract
concentrations and higher concentration had the
stronger inhibitory effect. Chinese amaranth was more
sensitive to the extracts than was barnyardgrass. It has
been reported that leaves of T. erecta contains
essential oils including terpenoids and flavonoids
[6,9,10]. Substances broadly recognized for their
allelopathic potential, such as essential oils and
flavonoids [2] were already reported as components of
T. erecta leaves.  Therefore, the inhibition by the
extracts on seed germination and seedling growth of
the test plants might be due to the presence of
allelopathic substances in T. erecta extract. The
inhibitory effect might occurr through a variety of
mechanisms like reduced mitotic activity in roots and
shoots, a reduced rate of ion uptake and inhibition of
photosynthesis [8].

4. Conclusions

The current research indicates that the crude hexane
and DCM extracts of T. erecta leaves have a strong
inhibitory effect on Chinese amaranth. The biological
activity of extracts increased at higher concentrations.
These results suggest that T. erecta leaves may contain
growth inhibitory substances and possess allelopathic
activity. This may be due to the solvents to extract the
different constituents having allelopathic activity.
Hexane a non-polar solvent was expected to extract the
non-polar compounds such as essential oils including
terpenoids. DCM a moderately polar solvent was
expected to extract the less polar compounds such as
flavonoids. Further analysis of possible growth
inhibitory substances in T. erecta leaves should be
done in further studies. The identification of these
substances might provide a chemical basis for the
development  of  novel bio-herbicides  for
environmentally  friendly sustainable agricultural
systems.
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Abstract: Adzuki bean (Vigna angularis) is a major food
legume containing various nutrients such as proteins,
lipids, vitamins and minerals and some phytochemicals
possessing natural antioxidant activities. The objectives
of this study were to analyze the chemical compositions
of adzuki beans and to investigate antioxidant activities
of the enzyme-hydrolyzed adzuki bean protein
hydrolysate (ABPH) by ferric reducing antioxidant
power (FRAP), the metal ions chelating activity and also
by the determination of total phenolic compounds (TPC)
by Folin-Ciocalteau method. The hydrolysis was achieved
by using Flavourzyme® 500 MG at variable
concentrations (1, 3, 5 and 7 % w/w) and hydrolysis time
(1, 2, 3 and 4 h). The beans are composed of 25.74 %
protein, 1.97 % lipid, 4.30 % ash, 3.61 % crude fiber and
64.38 % carbohydrates (dry basis). Degree of hydrolysis
(DH), TPC and metal ions chelating activity of ABPH
tended to increase with increasing enzyme concentration
and hydrolysis time, when compared with fresh adzuki
bean extract but such effects were not remarkably
observed for FRAP. ABPH hydrolyzed with 7 % enzyme
concentration for 4 h exhibited the highest value of 47.94
% DH and 58.30 % metal ions chelating activity.
However, the TPC was the highest at 120.14 ng GAE/g
for the sample hydrolyzed by 7 % enzyme concentration
for 2 h. Therefore, ABPH reveals the possibility for being
applied as an antioxidant in food products.

1. Introduction

Adzuki or small red beans are used as staple foods
in many countries [1] and are rich source of nutrients
such as proteins, lipids, vitamins and minerals [2] and
some phytochemicals such as phenolic compounds
possessing natural antioxidant activities [3]. Thus,
adzuki bean is one of the important foods for human.

Protein hydrolysates are the chemically or
enzymatically hydrolyzed proteins which are broken
down into free amino acid and peptides of varying
sizes. Some properties of the hydrolyzed food proteins
can be altered and are different from those of the
native sources [4].

In recent years interest in utilizing natural
antioxidants has increased substantially [5]. This has
led to new investigations into assessing the antioxidant
potential of protein hydrolysates from various food
tissues.

This research aimed to analyze the chemical
compositions of adzuki beans and to investigate
antioxidant activities of the enzyme-hydrolyzed adzuki
bean protein hydrolysate. The acquired information

will possibly help expand the application of its
hydrolysate as antioxidant in food products.

2. Materials and Methods

2.1 Materials

Adzuki beans were purchased from the Royal
Project Foundation (Khunphae development center),
Chiangmai, Thailand during March 2010.The beans
were ground into powder and passed through a 100
mesh sieve. The screened powder was packed in 15 cm
x 21cm aluminium-laminated bags (PET/AL/PE) and
kept in a desiccator until used.

2.2 Proximate analysis

Chemical compositions including  moisture,
protein, lipid, ash and crude fiber were analyzed
according to the AOAC methods [6]. Carbohydrate
content was obtained as difference from 100 %.

2.3 Adzuki bean extraction

The extraction of adzuki bean was achieved with
the methods of Xu and Chang [7] and Amarowicz,
Estrella, Herndndez and Troszynska [8] with some
modifications .Ten grams of sample was mixed with
100 ml of solvent (acidic 70 % acetone, ratio of
acetone/water/acetic acid (99.8 %) being 70:29.5:0.5,
v/v/v). The mixture was shaken at 100 rpm at 50 °C
for 30 min in a shaking water bath. The extraction was
repeated twice, supernatants combined and centrifuged
at 3,500 rpm for 15 min. The solvent was evaporated
in a rotary evaporator. The prepared extract was stored
at -20 °C until used.

2.4 Preparation of the enzyme-hydrolyzed adzuki bean
protein hydrolysate (ABPH)

Ten grams of sample were mixed with the distilled
water at a ratio of 1: 10 (w/v). After that,
Flavourzyme® 500 MG were added to the solution at
50 °C and pH 7. Enzyme concentrations were varied at
1, 3,5 and 7 % (w/w) and hydrolysis times were 1, 2,
3 and 4 h, respectively. These treated samples were
inactivated at 70 °C for 10 min, rapidly cooled and
centrifuged at 3,500 rpm for 15 min. The supernatants
were kept at -20 °C until used. The degree of
hydrolysis (DH) was determined by using the o-
phthaldialdehyde (OPA) method as described by
Nielsen, Petersen, and Dhambmann [9].




2.5 Ferric reducing antioxidant power

The FRAP assay was measured according to
Benzie and Strain [10] with some modifications. The
stock solutions included 300 mM Na acetate buffer,
pH 3.6; 10 mM TPTZ (2, 4, 6-tripyridyl-s-triazine)
solution in 40 mM HCI and 20 mM FeCl;-6H,0
solution. The fresh working solution was prepared by
mixing 25 ml Na acetate buffer, 2.5 ml TPTZ solution
and 2.5 ml FeCl;-6H,0 solution and then warmed at
37 °C before use. The sample solution (200 ul) was
allowed to react with 2000 ul of the FRAP solution for
30 min in the dark condition. Reading of the colored
product (ferrous tripyridyltriazine complex) was taken
at an absorbance of 593 nm. The standard curve was
linear between 0.05 and 0.3 mM Trolox. Results were
expressed in umol trolox equivalent (TE)/g. Additional
dilution was needed if the FRAP value measured was
over the linear range of the standard curve.

2.6 Metal ions chelating activity

Metal ions chelating activity was measured
according to the modified method described by Xie,
Huang, Xu and Jin [11]. One ml of sample solution
was premixed with 0.05 ml of iron dichloride (FeCl,)
solution (2 mM) and 3.7 ml of distilled water.
Afterwards, 0.1 ml of ferrozine solution (5 mM) was
added and mixed vigorously and the mixture was left
in darkness (20 min) and measured for its absorbance
at 562 nm, i.e., distilled water being used as a control.
The chelating effect was calculated by using the
following equations

Chelating effect (%) = (1_10\5625amplejx100

A562 control

2.7 Determination of total phenolic compounds

The TPC was determined by the Folin-Ciocalteau
(FC) method, which was adapted from Waterhouse
[12]. One ml of sample was added into a 100 ml
volumetric flask and added with 70 ml distilled water
and 5 ml of 2 N FC reagent. The content was
incubated at room temperature (25 °C) for 4 min and
added with 15 ml of saturated Na,CO; solution and
mixed well. The mixture was made up to volume with
distilled water, mixed and incubated at room
temperature in the dark for 2 h. The absorbance was
measured at 765 nm. The TPC was expressed in pg
gallic acid equivalent (GAE)/qg.

2.8 Statistical analysis

Determination of proximate compositions was
performed and analyzed with triplicates. The data for
DH, FRAP, metal ions chelating activity and TPC
were analyzed using a symmetric 4x4 factorial in
completely randomized design (CRD) with duplicates.
Duncan’s New Multiple Rang Test (DNMRT) was
used to compare the means at p<0.05. All the
statistical analyses were carried out using SPSS
(version 16.0).

3. Results and Discussion

3.1 Proximate Compositions

Adzuki beans contain carbohydrates and proteins
as the first two major nutrients whose contents are
more than eighty percent (Table 1). These data are
similar to those reported by Nwokolo and Smartt [13]
who found the chemical compositions of this bean as:
moisture 15.0 %, protein 21.1 %, lipid 1.0 %, ash 3.4
%, crude fiber 3.9 % and carbohydrate 59.5
%.Variation of proximate compositions could be due
to seed size, cultivar differences and environmental
factors during growth [14].

Table 1: Proximate compositions of adzuki bean

Compositions % wet basis

Moisture 10.84 +0.28
Protein 22.95+0.90
Lipid 1.76 £0.22
Ash 3.83 +0.09
Crude fiber 3.22+0.25
Carbohydrate 57.40 £ 0.70

All values are means of triplicate determinations + SD.

3.2 Degree of hydrolysis

Degrees of hydrolysis of ABPH were ranged from
29.36 % to 47.94 % as shown in Figure 1. It was
increased by increasing enzyme concentration and
hydrolysis time especially at 2, 3 and 4 h. This was
due to cleavage of proteins into free amino acids and
peptides of varying sizes. DH affects the functional
properties of hydrolysate. Vioque et al. [15]
categorized hydrolysates into three main groups based
on their DH that determined their application: i)
hydrolysates with low DHs were those with improved
functional properties features, ii) hydrolysates with
various DHs were generally used as flavourings, and
iii) hydrolysates with broad DHs were mostly used as
nutritional supplements and in special medical diets.
Consequently, it was decided that these ABPHSs should
be investigated for their antioxidant activities which
are not only important for food applications but also
for health benefits.
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Figure 1. Degree of hydrolysis of ABPH.

3.3 Ferric reducing antioxidant power

FRAP is the method based on electron transfer
(ET) used frequently to measure antioxidant activity of
peptides and phenolics [16]. In Figure 2, the FRAPs of
ABPHs were lower than the control which could
possibly be due to fewer amounts of those two groups
of compounds especially the phenolics, in the
hydrolysates. In addition, there was a tendency that the
longer the hydrolysis time the higher the FRAPS,
except for those values obtained at 3 h. It might be
possible, in the control, that free or unbound phenolic
compounds were extracted more and they were solely
responsible for the FRAP. However, for the
hydrolysates, the effect caused by the resultant
peptides seemed to be more pronounced in comparison
with that of the phenolics.

5 . .
0.5 H Control #1 Y% enzyme concentration % 3 % enzyme concentration

5 % enzyme concentration X 7 % enzyme concentration

=
[

=)
=

=

FRAP (pumol TE/g sample)

=
=

Hydrolysis time (b)

Figure 2. Ferric reducing antioxidant power of ABPH.

3.4 Metal ions chelating activity

The metal ions chelating activities of ABPHs were
higher than the control. This could be explained by the
higher contents of free amino acids and smaller
peptides especially in the samples hydrolyzed with
longer hours.

Metal chelation appears to be at least partly
responsible for the antioxidant activity that has been
found with several free amino acids [17, 18].
Furthermore, antioxidant peptides containing Pro and
His have synergistic effect in the presence of other
antioxidants such as polyphenols [19]. In addition,
chelation of iron by His, Glu, Asp, and Cys results in
enhanced iron absorption, and also in reduction of
ferric to ferrous ion [20]. Previous study showed that
peptides containing acidic and/or basic amino acids
might play an important role in Fe?* and Cu®*
chelation [21].
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5 Y% enzyme concentration X7 % enzyme concentration

2 =
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2% metal ions chelating activity
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Figure 3. Metal ions chelating activity of ABPH.

3.5 Total phenolic compounds
The total phenolic compounds of ABPHs seemed
to be increased with increasing enzyme concentration
and hydrolysis time especially at 1 or 2 h. The highest
TPC was 120.14 ng GAE/qg for the sample hydrolyzed
by 7 % enzyme concentration for 2 h and the lowest
was 90.70 pg GAE/g for the sample hydrolyzed by 1
% enzyme for 3 h and the value for fresh adzuki bean
extract (control) was 108.91 pg GAE/g (Figure 4).
Some samples had lower TPC values than the control
because some phenolics possibly lost during
hydrolysis and the others probably involved in the
formation of insoluble complexes with proteins and/or
other compounds [22]. Interestingly enough, a half of
the hydrolysate samples had higher TPCs than the
bean extract although the values were not significantly
different. Nevertheless, this might reflect the need of
hydrolysis to release more TPCs into the hydrolysates.
Amarowicz et al. [8] reported the dominant
phenolics in the adzuki bean extract as catechin,
epicatechin glucosides, procyanidin dimers, myricetin,
protocatechuic acid and quercetin glucosides, which

possess antioxidant activities.
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Figure 4. Total phenolic compounds (TPC) of ABPH.

4. Conclusions

Adzuki bean is composed of various nutrients such
as carbohydrates, proteins, lipids, ashes and some
phytochemicals  possessing  natural  antioxidant
activities. The antioxidant activities of ABPHSs tended
to increase with increasing enzyme concentration and
hydrolysis time. Therefore, ABPH reveals the
possibility for being applied as an antioxidant in food
products.

Acknowledgements

This research was supported the enzymes by Brenntag
Ingredients (Thailand) Public Company Limited.

References

[1] H. Yoshida, Y. Tomiyama, N. Yoshida, and Y.
Mizushina, Food Chemistry. 115 (2009) 1224-1429.

[2] S. Sai-Ut, S. Ketnawa, P. Chaiwut, and S. Rawdkuen,
Asian Journal of Food Agro-Industry. 2(04) (2009) 493-
504.

[3] R. Amarowicz and R.B. Pegg, European Journal of
Lipid Science and Technology. 110 (2008) 865-878.

[4] H.G. Kristinsson and B.A. Rasco, Critical Review in
Food Science and Nutrition. 4(1) (2000) 43-81.

[5] Y. Li, B. Jiang, T. Zhang, W. Mu, and J. Liu, Food
Chemistry. 106 (2008) 444-450.

[6] AOAC, Ofiicial Methods of Analysis of AOAC
International, 18th ed, AOAC International.
Gaithersburg. (2006), pp. 1-61.

[7] B.J. Xu and S.K.C. Chang, Journal of Food Science.
72(2) (2007) 159-166.

[8] R. Amarowicz, I. Estrella, T. Hernandez, and A.
Troszynska, Journal of Food Lipids. 15 (2008) 119-
136.

[9] P.M. Nielsen, D. Petersen, and C. Dhambmann, Journal
of Food Science. 66(5) (2001) 642-646.

[10] I.F.F. Benzie and J.J. Strain, Methods in Enzymology.
299 (1999) 15-27.

[11] Z. Xie, J. Huang, X. Xu, and Z. Jin, Food Chemistry.
111 (2008) 370-376.

[12] A.L. Waterhouse In: R.E. Wrolstad, T.E. Acree, E.A.
Decker, M.H. Penner, D.S. Reid, S.J. Schwartz, C. F.
Shoemaker, D. Smith, and P. Sporn, Editors, Handbook

of Food Analytical Chemistry, Vol. 2, John Wiley and
Sons, Hoboken (2008), pp. 463-464.

[13] E. Nwokolo and J. Smartt, Editors, Food and Feed from
Legumes and Oilseeds, Chapman and Hall, London
(1996), pp. 206-207.

[14] T.A. Lumpkin and D.C McClary, Editors, Azuki Bean:
Botany, Production and Uses, Chapter 8, CAB
International, Wallingford (1994), pp. 157-172.

[15] J. Vioque, A. Clemente, J. Pedroche, M.M. Yust, and F.
Milléan, Grasas Aceites. 52 (2001) 132-136.

[16] L.K. McDonald-Wicks, L.G. Wood, and M.L. Garg,
Journal of the Science of Food and Agriculture. 86
(2006) 2046-2056.

[17] W.Y. Huang, K. Majumder, and J. Wu, Food
Chemistry. 123(3) (2010) 635-641.

[18] L. Zhu, J. Chen, X. Tang, and Y.L. Xiong, Journal of
Agricultural and Food Chemistry. 56(8) (2008) 2714-
2721.

[19] D.D. Kitts and K. Weiler, Current Pharmaceutical
Design. 9 (2003) 1309-1323.

[20] S. Storcksdieck, G. Bonsmann, and R.F. Hurrell,
Journal of Food Science. 72(1) (2007) 19-29.

[21] A. Saigo, S. Tanabe, and T. Nishimura, Journal of
Agricultural and Food Chemistry. 51(12) (2003) 3661-
3667.

[22] F. Shahidi and M. Naczk, Editors, Food Phenolics:
Sources, Chemistry, Effects and Applications,
Technomic Publishing Company, Inc. Lancaster.
(1995), pp.13-17.




MECHANICAL AND MOISTURE BARRIER PROPERTIES OF SOY
PROTEIN FILM INCORPORATED WITH PHENOLIC-CONTAINING
EXTRACTS FROM MULBERRY LEAVES

Suparut Sangnate’, Kiattisak Duangmal®, Thanachan Mahawanich®”

! Department of Food Technology, Faculty of Science, Chulalongkorn University, Patumwan, Bangkok, 10330 Thailand

* Author for correspondence; E-Mail: thanachan_m@hotmail.com, Tel. +66 2 2185535, Fax. +66 2 2544314

Abstract: Phenolic compounds have been shown to
possess protein cross-linking ability and, therefore, could
be used to improve mechanical properties of a protein
film. This study aimed to investigate the effect of
different degrees of oxidation of phenolic-containing
mulberry leaf extract on mechanical as well as barrier
properties of soy protein isolate film. Water extracts of
mulberry leaves at three different degrees of oxidation,
namely unoxidized (UNOX), mildly oxidized (MILD-OX)
and highly oxidized (HIGH-OX), were added to the film-
forming solution at three different levels (2, 5 and 10%
by weight of protein). UNOX was obtained using water
extraction of steamed mulberry leaves to inactivate any
oxidizing enzyme endogenous to the leaves, especially
polyphenol oxidase. MILD-OX was the obtained from
unheated leaves while HIGH-OX was obtained by 60-
minute aeration of the unheated-leaf extract. It was
found that the film samples containing 10% UNOX, 2, 5,
10% MILD-OX and 2 or 5% HIGH-OX exhibited
significantly increased tensile strength (p=0.05) as
compared to the control. On the other hand, elongation
at break was not affected by the extract incorporation.
Cross-linking of the soy protein as a result of mulberry
phenolics was confirmed by SDS-PAGE. A decrease in
water vapor permeability was also demonstrated in the
samples containing the extracts. Phenolic-containing
extracts from mulberry leaves, especially those with
higher degrees of oxidation, could therefore be used to
improve the tensile strength and moisture barrier
property of soy protein isolate film.

1. Introduction

Due to environmental impact of non-biodegradable
waste, biodegradable packaging materials have been
growing of interest in recent years. Several
biopolymers, including protein from various sources
were proved to be a good candidate as raw material for
biodegradable film. However, protein film, in general,
exhibits poor mechanical properties as compared to
plastic films, thereby limiting its uses. Improvement of
mechanical properties can be achieved via cross-
linking of the protein to produce a strong network
structure.  Aldehydes, such as formaldehyde,
glutaraldehyde and glyoxal, were reported to be
effective protein cross-linkers by reacting with amino
and sulfhydryl side chains of the polypeptide [1]. In
spite of that, safety of aldehyde-added film is still
questionable [2].

Many polyphenols naturally occurred in plants are
known to react with side chain amino group of

peptides, leading to the formation of protein cross-link
[3]. Mulberry leaves contain phenolic compounds,
with the majority being p-coumaric acid, benzoic acid,
cathechin, and chlorogenic acid [4] and may therefore
be used to improve protein film strength. Additionally,
phenolic at different states of oxidation may differ in
its ability to cross-link protein. The capability of
phenol to be oxidized to a quinone structure was
reported to be the important factor underlining its
reactivity towards protein [5].

This study therefore aimed to investigate the effect
of phenolic-containing mulberry leaf extract at
different degrees of oxidation and concentrations on
mechanical and moisture barrier properties of soy
protein isolate film.

2. Materials and Methods

2.1 Materials

Soy protein isolate (> 90% protein) was purchased
from Mighty International (Bangkok, Thailand).
Glycerol was a product of Ajax Finechem (Taren
Point, Australia). Mulberry (Morus alba L.) leaves
were obtained from Queen Sirikit Sericulture Center
(Nan, Thailand).

2.2 Preparation of phenolic-containing mulberry leaf
extract

Mulberry leaf extract was prepared using a
modified method of that described earlier [6]. For
UNOX extract, the leaves were steamed at 90 °C for 5
min, to inactivate oxidizing enzymes indigenous to the
leaves, before extraction. Fresh mulberry leaves were
used for MILD-OX and HIGH-OX extraction. To
prepare extracts, the leaves were cut and ground with
distilled water at room temperature using a leaf-to-
water ratio of 1:3. The slurry was then filtered through
several layers of cheese cloth and the filtrate was
centrifuged at 3000 rpm for 10 min to obtain a MILD-
OX extract. For the HIGH-OX extract, the extract
obtained using the same method as MILD-OX was
further undergone 60-min air bubbling to accelerate
the oxidation of phenolic compounds to corresponding
quinone. After obtaining the extract, it was freeze-
dried, sealed in an aluminum foil-laminated bag
together with a satchel of silica gel and oxygen
absorber, and kept in a dessicator until needed.




2.3 Determination of total phenolic content

The mulberry leaf extracts were determined for
their total phenolic content spectrophotometrically
according to the method described earlier [7]. Dry
extract powder (0.25 g) was solubilized in 50 mL
distilled water. A 0.1 mL aliquot was then mixed with
7 mL of distilled water and oxidized with 0.5 mL of
Folin-Ciocalteau’'s reagent. The reaction was
neutralized with 1.5 mL of sodium carbonate solution
and incubated for 2 h at room temperature. The
absorbance of the resulting blue color was measured at
765 nm using UV/Vis spectrophotometer (model V-
530, Jasco, Easton, MD). Total phenolic content was
expressed as mg gallic acid equivalents/g of extract
powder.

2.4 Film preparation

Film samples were prepared using a modified
method of that described previously [8]. Film forming
solution was prepared by solubilizing 5 g of soy
protein isolate to 75 mL of 0.05 M Tris-HCI buffer
(pH 8.0). Glycerol, at a concentration of 55% by
weight of soy protein isolate, was used as a plasticizer.
The mixture was homogenized using a Ystral
homogenizer (Model X10/25, Ballrechten-Dottingen,
Germany) at 22,000 rpm for 1 min until a
homogeneous solution was obtained. The solution was
heated at 70 °C for 30 min to partly denature the soy
protein. The extract powder was added at 2, 5 and 10%
by weight of soy protein isolate. To prepare the
extract-containing film-forming solution, the extract
powder was solubilized in 25 mL of 0.05 M Tris-HCI
buffer (pH 8.0) and then added to the plasticizer-
containing protein solution. The solution was
homogenized again at 22,000 rpm for 2 min. The
solution obtained was then undergone ultrasonic
degassing technique to remove air bubbles. An aliquot
(45 mL) of the film-forming solution was then casted
onto 15 cm-square acrylic plate and let dry at 25 °C for
24 h. The film was then peeled off and stored at 25 °C
in a chamber with 50% relative humidity for a period
of 48 h before undergoing further analyses.

2.5 Mechanical properties

Tensile properties (tensile strength and elongation
at break) of the film samples were determined using
universal materials testing machine (Model 5565,
Instron, Norwood, MA) equipped with a 5-kg load
cell. A 30 mmx100 mm strip of film sample was
measured using a pneumatic side-action grips probe
(Instron, Norwood, MA).The film sample was pulled
at a constant rate of 5.0 mm/s until failure.

2.6 SDS-PAGE

Protein pattern of the film samples was analyzed
using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using modified method
of that described elsewhere [9] with some
modifications. Film sample (0.3 g) was dissolved in 4
mL of extracting solution (60 mM Tris-HCI (pH 7.5)
containing 2% (w/v) SDS). The mixture was stored at
room temperature for 12 h and boiled for 3 min.

Supernatant was obtained after centrifugation at 1000
rpm for 15 min. Protein content of the supernatant was
determined [10]. The supernatant was then mixed
with sample buffer (0.5 M Tris-HCI (pH 6.8)
containing 10% (w/v) SDS, glycerol, B-
mercaptoethanol and 1% (w/v) bromophenol blue) at a
ratio of 7:3 (v/v). Sample (20 pg protein) was loaded
onto the polyacrylamide gel made of 4.5% stacking gel
and 10% separating gel. The electrophoresis was
carried out in Hoefer electrophoresis unit (Model
miniVE, Hoefer, Holliston, MA) using a current of 20
mA/gel. After that, the gel was stained with
Coomassie blue R-250 in 50% (v/v) ethanol and 10%
(v/v) acetic acid and destained with 25% (v/v) ethanol
and 10% (v/v) acetic acid. Wide range molecular
weight protein markers (Sigma-Aldrich, Munich,
Germany) were used to estimate the molecular weight
of the proteins.

2.7 Water vapor permeability

Water vapor permeability (WVP) was determined
using an ASTM standard method [11]. The film was
mounted over a glass permeation cup containing silica
gel (0% relative humidity) and sealed with silicone
vacuum grease. An O-ring was used to hold the film in
place. The cup was then placed in a chamber
containing distilled water and stored at 25 °C. Weight
gain of the cup was determined at 2-h interval for a
period of 30 h. WVP was calculated using Equation
D:

WVP = w x/A t (P,-Py) .1

Where w is the weight gain (mg), x is the film
thickness (mm), A is the area of the exposed film (m?),
t is the time (h) and P,-P; is the vapor pressure
differential across the film (Pa).

2.8 Statistical analysis

Experiments were done in triplicate. A completely
randomized design was used for all experiments. Data
were analyzed using Analysis of Variance. A
Duncan’s new multiple range test was used to
determine the difference among sample means at
p=0.05.

3. Results and Discussion

3.1 Total phenolic content of extract powder

Total phenolic content of mulberry leaf extract
powders are show in Table 1. Total phenolic contents
of UNOX, MILD-OX and HIGH-OX, expressed as
gallic acid equivalent, were 75.3, 72.4 and 59.2 mg/g
extract powder, respectively. The decrease in total
phenolic content with increasing degree of oxidation
was a result of the conversion of phenolic compounds
into their respective quinones.

3.2 Mechanical properties
Tensile strength and elongation at break of the film
samples were illustrated in Figures 1 and 2.




Table 1: Total phenolic content of mulberry leaf
extract powder at different degrees of oxidation.

Extracts Total phenolic content”
Unoxidized 75.3+0.336
Mildly-oxidized 72.4 +0.336
Highly-oxidized 59.2 + 0.767

“Expressed as mg gallic acid equivalents/g of extract
powder
Values are given as means + SD (n=3).

Figure 1. Tensile strength of the film samples
containing no extract (control), unoxidized extract
(UNOX), mildly oxidized extract (MILD-OX) and
highly oxidized extract (HIGH-OX) at 2, 5 and 10%

by weight of soy protein isolate.
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Figure 2. Elongation at break of the film samples
containing no extract (control), unoxidized extract
(UNOX), mildly oxidized extract (MILD-OX) and
highly oxidized extract (HIGH-OX) at 2, 5 and 10%

by weight of soy protein isolate.

It was found that the 2 and 5% UNOX films
exhibited similar tensile strength to the control soy
protein isolate film (Figure 1). However, the 10%
UNOX sample possessed significantly higher tensile
strength than the control (p<0.05). At 2% extract
powder fortification, the MILD-OX and HIGH-OX

films exhibited an even higher tensile strength, with
the 2% HIGH-OX possessed 61.47% increase in
tensile strength as compared to the control. The
increment in tensile strength could be linked to the
formation of a more stable network due to attractive
interactions between protein and phenolics. Phenolic
compounds could be converted to quinone, a protein
cross-linker, in which new covalent cross-link could be
formed. Quinones react with amino or sulfhydryl side
chains of polypeptides to form covalent C-N or C-S
bonds [3]. Oxidized phenolic might contribute to the
formation of non-disulfide covalent bond. Thus, the
incorporation of oxidized extract effectively improved
tensile strength of resulting film [12].

It should be noted here that higher levels (5 and
10%) of MILD-OX and HIGH-OX extract powder
addition resulted in inferior tensile strength as
compared to 2% addition. The decreased tensile
strength might be associated with self-aggregation of
phenolic compounds, leading to the loss in capability
to cross-link protein. High concentration of phenolic
compounds was shown in earlier study to exhibit
lower efficiency in interacting with protein [13].

For elongation at break (Figure 2), extract addition
seemed to pose less effect on the property, as
compared to the tensile strength.

3.3 SDS-PAGE pattern

Protein pattern of the film samples under reducing
condition are shown in Figure 3. As compared to the
control, the films added with extract powder exhibited
lower intensity of the bands representing lower
molecular weight proteins. This suggested the cross-
linking of proteins induced by phenolic compounds.
Incorporation of 10% UNOX, 2% MILD-OX and 2%
HIGH-OX resulted in the noticeably decrease in band
intensity, implying extensive protein cross-linking in
these samples. Non-disulfide covalent bond, disulfide
bond as well as other weak bonds were suggested to
contribute to the film strengthening effect [14].

3.4 Water vapor permeability

Addition of extract powder into soy protein film
significantly lowered its WVP (p<0.05) (Figure 4).
Increasing amount of cross-links via hydrogen and
hydrophobic interaction might produce a protein
network with decreased free volume of the polymeric
matrix. This, in turn, resulted in the lower WVP of the
film [15].




Figure 3. Protein patterns of soy protein films added
with mulberry leaf extract at different degrees of
oxidation; protein marker (M), control without extract
(C), samples with unoxidized extract (UNOX),
samples with mildly oxidized extract (MILD-OX) and
samples with highly oxidized extract (HIGH-OX).
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Figure 4. Water vapour permeability of the film
samples containing no extract (control), unoxidized
extract (UNOX), mildly oxidized extract (MILD-OX)
and highly oxidized extract (HIGH-OX) at 2, 5 and

10% by weight of soy protein isolate.

Conclusion

Incorporation of mulberry leaf extracts, especially
at higher degrees of oxidation could effectively induce
cross-linking of soy protein. This resulted in a film
with increased tensile strength and decreased water
vapor permeability. However, higher levels of extract
addition, especially in the case of MILD-OX and
HIGH-OX, may result in inferior tensile strength.
Increased protein cross-linking in  the sample
containing oxidized extract was attributed to the
conversion of phenolic compounds to quinones which
are effective protein cross-linker.
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Abstract: Poly(ethylene terephtalate) PET bottles are
commonly used as packaging for Thai fish sauce due to
it is less expensive and lighter weight than glass bottles.
However, PET bottles still some disadvantages and
discoloration in fish sauce is thus far one of the major
problems. The color change obviously caused consumer
misunderstanding that fish sauce started degrading and
becoming unsafe to consume. Previously, several studies
reported that reaction between aldehyde from natural
source such as glucose degradation with protein in fish
sauce was one of the factors leading to discoloration
through Millard reaction. Additionally, it was known
that PET undergoes 1,5-sigmatropic rearrangement at
elevated temperature releasing acetaldehyde trapping
inside itself during extrusion blow molding process. To
confirm whether acetaldehyde entrapped in PET bottle
could contribute to any discolorations in fish sauce, the
amount of acetaldehyde trapping inside bottles needed to
be evaluated. In this study, Thermal gravimetric analysis
mass spectrometer (TGA-MS) and gas chromatography-
flame ionization (GC-FID) were employed and it was
found that TGA-MS of PET sheet with thickness range
from 0.45-0.55 mm (1x1 cm?®) showed a weight loss
approximately 0.16% and the acetaldehyde trapping in
the PET sheet was not detected under this procedure. To
reconfirm the results, a purge and trap technique using
GC-FID was further applied. Interestingly, it was found
that acetaldehyde was detected in the range of 0.248 to
0.360 (ng mL™) in PET bottle with SD < 0.039 (n=9).
With such a very low concentration of acetaldehyde
detected in PET bottle, it was clearly shown that Millard
reaction between acetaldehyde trapping in PET bottle
and proteins in fish sauce should not affect the drastic
color change in fish sauce over periods of 8 months and
this might assume that acetaldehyde trapping in PET
bottle was not a main factors for discoloration in fish
sauce.

1. Introduction

Browning of food is commonly found during
processing and storage especially during manufacture
of meat, fish, and vegetable products. Browning
usually impairs the sensory of products due to
associated changes in the color, flavour, and softening
besides nutritional properties. [1] Browning effect is
originated from both enzymatic and non-enzymatic
oxidation of phenolic compounds [2] as well as from
Maillard reaction (Figure 1) that occurs when mixtures
of amino acids and reducing sugars are heated. [3]

Protein amino group HO (o) CH,0OH

HO OH \—vg

| 2

Reducing sugar

Dicarbonyl

Schiff's bases

|

Amadori products
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Figure 1 Mechanism of Millard reaction between
reducing sugar with amino group of protein.[4]

Fish sauceis acondiment thatis the most
consumed in Thailand. [5] In the past, fish sauce, the
important seasoning in the household and industry,
plays animportant impact to both local and
international economy especially, fishery industry and
salt pan. Generally, it has been known that each Thai
people regularly consume fish sauce approximately
17-20 ml per day. Additionally, it was discovered that
businesses that consume fish sauce at the highest
rate were restaurants and eateries and this caused the
expansion of fish sauce production. [6] Thus far, the
total values of fish sauce were over 1 billion baht
annually for both domestic consumption and export.
More than 95 percent of production is for local
consumption and the rest is exported to the major trade
partners such as U.S.A., Japan, Australia, Hong Kong
and France. [7] Fish sauce is a condiment that is the
most consumed in Thailand. With the largest
production and total values over 7,500 million baht
annually for domestic consumption and export, Thai’s
fish sauce industry is perhaps the world’s biggest. [6]
During this process sucrose can degrade, through the
caramelization reaction, leading to non-enzymatic
browning and thus colour changes.

Characteristic color of fish sauce is red-brown,
browning results from both enzymatic browning
reaction and non-enzymatic browning reaction.
Browning can occur during processing and product
storage. In the case of fish sauce, browning occurs
from non-enzymatic causing by three types of
reactions; 1) the reaction of carbonyl groups (reducing
sugar, aldehydes, ketones, lipid oxidation products)
and amino compound (lysine, glysine, peptide, amine,




ammonia proteins), [3] 2) ascorbic acid browning that
is the spontaneous thermal decomposition of ascorbic
acid under both aerobic and anaerobic conditions
either in the presence or absence of amino-compound
and 3) lipid browning which is probably oxidative of
unsaturated deterioration of glyceride components
followed by polymerization which is accelerated by
the presence of ammonia, amines or proteins. [8]

In Thailand, fish sauce is generally prepared by
adding one part of salt to three parts of small fish such
as anchovies or sardines and allowing them to become
soluble in closed tanks at room temperature. When
most of the fish tissue has been solubilized, the liquid
fish sauce is then drained off and filtered to give a
clear amber solution or first grade fish sauce. After
that, it is usually packed in glass bottles and then
transports to consumers via either trucks or ship. The
shipment cost is depending on the volume and weigh
of fish sauce. Therefore, most of capital cost for fish
sauce production is mainly contributed from the
weight of glass bottle.

In order to reduce such a high trasportation cost,
new container for fish sauce is introduced to the
industry. Expectedly, plastic bottle becomes the most
attractive choice especially, PET bottles, due to their
light weight, durability and cheap. It has been
estimated that the PET bottles have been used for
packing fish sauce more than 6 million bottles per
year. [9]

After employment of PET bottle for a certain
period of time, it was found that the shelf-life of the
fish sauce is shorter than those in glass bottle using the
color change from brown to dark brown as indicator
which is easily noticeable with eyes. Interestingly, it
was found that the discoloration of fish sauce in plastic
bottle occurred within 8 months compared with 24
months in glass bottle leading to an economic loss for
both producers and consumers. For producers, it
obviously affects consumer’s purchasing judgment.
For consumers, color of fish sauce changes rapidly
once opened and become too dark to consume with the
concerns whether it is safe to consume.

Generally, Poly(ethylene terephthalate) (PET)
bottles are widely used for beverages especially for
mineral water. For this application, high levels on the
neutrality of odor and taste of the packaging materials
are required. For mineral water in PET bottles, the
migration of acetaldehyde is of special interest,
because acetaldehyde is detectable in low
concentrations in mineral water as a fruity of flavor.
Acetaldehyde that found in PET bottles is a
degradation product of the PET polymer during pre-
form production. After cooling down, acetaldehyde is
trapped in the PET bottle wall and migrates into the
mineral water after filling and storage. The proposed
acetaldehyde formation mechanism is given in Figure
2.
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Figure 2 Proposed mechanism of the formation of
acetaldehyde from PET polymer during perform
production [10]

With such a different in size of PET bottles,
employment of raw material and processing
procedures should affect to the amount of trapped
acetaldehyde in PET bottles that produce in Thailand.
In this investigation, the amount of acetaldehyde
trapping in PET bottles with size of 750 mL which is a
normal size for packing the fish sauce in Thailand
were measured in order to observe whether the trapped
acetaldehyde in PET bottles could contribute to
discoloration in Thai fish sauce.

2. Materials and Methods

2.1 Thermogravimetric analysis-mass spectrometry
(TGA-MS)

PET sheet with a size of 1x1 cm? was cut from
PET bottles size of 750 mL. Thermogravimetric
analysis-mass spectrometry (TGA-MS) series mettle-
toledo cirrus 2 was conducted at Mettle-Toledo
Laboratory with heating rate at 500 °C / min from 30-
200 °C and flow rate of liquid Nitrogen was 50
ml/min.

2.2 Gas chromatography-flame ionization detector
(GC-FID) [11]

The sample preparation part is consisted of a
laboratory-built heating box. PET bottles was flushed
with nitrogen gas for 1 min. and the incubate at 60 °C
for one hour.[12] The heating process is accelerated
the releasing of acetaldehyde. After that, nitrogen gas
and residue wwas then transferred to GC-FID (Agilent
6890N series) by vacuum pump. The injector port was
modified by integrating a six-port valve (gas sampling
valve) that acted as an injector. The DB-1 (156mx0.53
mmx 0.32 um) capillary column coupled with GC-FID
(Agilent 6890N series) was used for analysis.
(Figure3)
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Figure 3 Instrumentation for acetaldehyde analysis
using a flame ionization detector [11]

3. Results and Discussion

3.1 Determination of acetaldehyde via thermogravi-
metricanalysis-mass spectrometry (TGA-MS)

Figure 4 (A. showed the TGA result of
Poly(ethylene terephthalate) (PET). The plot showed
the mass as a function of sample temperature for the
Poly(ethylene terephthalate) (PET) under a nitrogen
purge. Approximately 30.652 mg of sample was
heated at a rate of 50 °C/min. The TGA result
displayed that the Poly(ethylene terephthalate) (PET)
underwent thermal degradation beginning at 109 °C
and the sample showed a gradual weight loss step from
30 °C to 200 °C. The absolute weight loss of the
sample was up to 49 ug corresponding to a percentage
of 0.16%. The mass fragments of acetaldehyde were
displayed in Figure 4(B.) were monitored in the MID
(multi-ion detection) mode with patterns mass signal
of acetaldehyde m/z = 29, 44, 43, 42, 26, 15 and 45.
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Figure 4 (A)TGA curve of the PET sheet with size of
1x1 cm? from PET bottles size 750 mL, (B) Mass
fragments of acetaldehyde patterns (C) Mass
fragments from the PET sheet

During the experiment, no apparent information
was observed which indicates the release of
acetaldehyde (Figure 4C) because there is lack of
evidence in the MS signals of acetaldehyde. The only
mass that was detected is the signal of mass fragment
of water (m/z 18). A broad peak was observed within
the temperature range corresponding to the weight
loss. This indicated that moisture was evolved in the
whole weight loss process. The possibility exists that a
very small amount of acetaldehyde (below the
detection limit of procedure and detection method)
was possibly evolved during the weight loss process.

Therefore, the developed rapid and sensitive
method by using a lab-built heating system coupled
with GC-FID for qualitative and quantitative analysis
of acetaldehyde residue in PET bottles with good
precision was then further selected for next
investigation. The advantages of the method were
simple did not require any solvent and had a low
detection limit, can be wused with industrial
applications and is effective for analyzing with a wide
range of sizes of bottles.[11]
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Figure 5 Chromatogram of acetaldehyde in PET
bottles.

3.2 Gas chromatography-flame ionization detector
(GC-FID) [11]

Heating PET bottles at 60 °C for one hour to
stimulate the movement of PET polymer chain to
releasing trapping acetaldehyde, Chromatogram of




acetaldehyde from PET bottles was showed in Figure 5
with a retention time at 0.72 min. In order to calculate
the amount of acetaldehyde releasing from PET
bottles, it can be determined from the peak height from
the equation below [13] and the results was shown in
Table 1.

peak height (pA) = 9.82[concentration (ng mL™)] — 2.37

Table 1 Concentration of Acetaldehyde in PET bottles

Sample _ﬁ?;'e Aria Height Conc.ﬁ1

(min) (pA*s) (PA) (hg mL ™)
1 0.731 0.069 0.155 0.250
2 0.726 0.052 0.133 0.248
3 0.728 0.141 0.322 0.268
4 0.729 0.113 0.265 0.262
5 0.727 0.055 0.154 0.251
6 0.728 0.392 0.828 0.320
7 0.727 0.339 0.730 0.310
8 0.727 0.315 0.740 0.311
9 0.727 0.550 1.223 0.360

From Table 1, it was shown that the average
retention of acetaldehyde was approximately 0.728
and the peak height was ranged from 0.133 to 1.223.
The concentration of acetaldehyde trapping in PET
bottles was 0.248 - 0.360 ng.mL‘. From Millard
reaction, trace amount of acetaldehyde that released
from PET bottles would eventually react with amino
acid in fish sauce producing a trace amount of
browning products in a short period of time and
leading to slightly change in color of fish sauce. By
monitoring the color change in fish sauce by industrial
sector, the browning process in fish sauce was
however gradually increased over a period of 8
months. Therefore, it can assume that active aldehyde
derivatives still continuously generated in the fish
sauce and causing discoloration. Clearly, the
acetaldehyde trapping in PET bottles should not be
associated under the color change incident due to such
a low concentration that observed from this
investigation.

4. Conclusions

The investigation of acetaldehyde in poly (ethylene
terephtalate) PET bottles found that PET undergoes
1,5-sigmatropic rearrangement at elevated temperature
releasing acetaldehyde trapping inside PET bottles
during extrusion blow molding process. However,
concentration of detected acetaldehyde in PET bottles
was very low in the range of 0.248 - 0.360 ng.mL ™. It
could assume that discoloration of fish sauce in PET
bottles over periods of 8 months was not mainly
contributed from acetaldehyde trapping in PET bottles.
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Abstract: The effect of soy protein on dyeability of jackfruit
wood extract on cotton fabrics was studied. At first, crude
soybean milk as a source of soy protein was treated with 5
g/L NaOH to depolymerize soy protein and then diluted to
obtain various solid contents of 5, 10, 15, 20, 25, and 30 g/L.
Thus obtained soybean milk was applied onto cotton fabrics.
In the mean time, jackfruit wood extract was prepared using
various liquor ratios of 1:10, 1:20, 1:30 under the condition
as follows: temperature of 100°C and time for 1 hour. Soy
protein treated cotton fabric was then dyed with jackfruit
wood extract at temperature of 60°c for 45 min. The effect of
soy protein concentration on dyeability and fastness
properties (wash fastness, light fastness and rubbing) of
jackfruit wood extract were studied. The result showed that
an increase in concentration of soy protein resulted in an
increase in colour strength. This indicated that Morin dye
flavourably interacted via hydrogen bonding with soy
protein presented in the cotton fabric, leading to dyeability
enhancement.

1. Introduction

Nowadays, natural dyes are attractive for textile
dyeing for the reason of growing health concern
associated with synthetic dyes. However, the dyeing of
natural dyes still cannot be claimed to be the
ecofriendly dyeing process due to the typical usage of
toxic mordants such as copper sulphate. Mordants are
toxic but important to nature dyes in terms of fastness
properties enhancement. Even though, natural dyes
exhibit biodegradability and compatibility with the
environment but the application of mordants with
natural dyes do more harm than good. In search for
environmentally friendly mordant, attention has been
drawn to metal ion-free mordants such as tannin [1].
Tannin enhances fastness of natural dyes through
complexation mechanism. Like tannin, proteins such
as silk and wool exhibit higher natural dye uptake
than cellulose. Thus, in this work, soy protein was
investigated to improve dyeability of jackfruit extract
on cotton fabric.

Jackfruit is classified as Artrocarpus heterophyllus
Lam. Historically, the wood of the jackfruit tree has
been used for dyeing silk and cotton fabrics. The main
colour component in the jackfruit wood is morin.
(Figure 1.) In Thailand, jackfruit wood extract is well-
known for yellow colouring of hand-made textiles.

However, its usage is not popular due to low fastness
property.

In this work, the effect of soy protein on dyeability
of jackfruit wood extract on cotton fabrics was studied.
Soybean milk as a source of protein was pretreated
onto cotton fabric prior to dyeing with jackfruit wood
extract. Colour strength as well as wash fastness were
evaluated.

Figure 1. Chemical structure of Morin

2. Materials and Methods

2.1 Materials

Bleached cotton knit fabric was purchased from
Boonchuay Industrial Co., Ltd (Thailand). Sodium
hydroxide was purchased from Ajax Finechem.
Jackfruit wood was obtained from local source. Crude
soybean milk was prepared from soybean seed with
addition of citric acid to prevent spoiling.

2.2 Pretreatment of cotton fabric

Soybean milk was treated by 5 g¢/L sodium
hydroxide under continuous stirring for half an hour.
Then treated soybean milk was diluted to obtain
various concentrations of 5, 10, 15, 20, 25, and 30 g/L.
The scoured and bleached cotton fabric were
immersed into the soybean milk solution and squeezed
by the padder roller to obtain about 80 % wet pick-up
and then dried at room temperature. The presence of
soy protein on fabric surface was analyzed using
ATR/FTIR technique.




2.3 Extraction of jackfruit wood and dyeing cotton
fabric

Jackfruit wood extract was prepared using various
liquor ratios of 1:10, 1:20, 1:30 under the condition as
follows: temperature of 100°C and time for 1 hour.
Then treated cotton fabric was dyed with jackfruit
wood extract under the condition as follows:
temperature of 60°C and time for 45 min. After
dyeing, dyed cotton fabric was washed thruoghly and
dried in open air.

2.4 Percent nitrogen content determination on fabric

The percents of nitrogen content on fabric were
measured by Elemental Analyzer (PerkinElmer
PE2400 seriesll)

2.5 Colour measurement and fastness determination

Colour strength of dyed fabric was evaluated
using reflectance  spectrophotometer (Machbeth
colour-EYE 7000) as expressed by K/S and L* a* b*.
The colour fastness of dyed fabric was assessed
according to the standard method including I1ISO 105-
C06 2010 (A1M) for wash fastness, AATCCI16E for
light fastness and AATCC Test Method 8-2007 for
rubbing.

3. Results and Discussion

3.1 The analysis of soy protein on cotton fabric surface
by ATR/FTIR

The soy protein treated fabric was analyzed by
ATR/FTIR spectroscopy to confirm the existence of
soy protein on the fabric surface. The representative
spectra are shown in Figure 2.

1690 cm™®

Figure 2. ATR/FTIR spectra of (a) soy protein treated
cotton fabric (b) cotton fabric

The spectrum of cotton fabric treated with soy protein
exhibits absorption peak at 1690 cm™ corresponding to
amide group of protein.

3.2 Application of soy protein onto cotton fabric

Depolymerized soy protein were applied onto
cotton fabric. The soy protein content on the fabric
surface were estimated via nitrogen determination. The
results are showed in Figure 3. From Figure 3, it is
found that the nitrogen content slightly increase as the
applying concentration of soybean milk increases.
These indicated that the nitrogen content increases
with an increase in concentration level of soy protein.
The average percents of nitrogen content on fabric
about 0.25

Figure 3: The nitrogen content on 5.0g cotton fabric




3.3 The effect of soy protein on K/S and colour
difference

Table 1 shows the effect of soy protein on K/S and
colour difference of dyed fabrics. The results show
that fabric treated with soy protein exhibit an increase
in colour strength with an increase in percent soy
protein add-on. This indicates that protein on the fabric
is able to attract morin dye via hydrogen bonding
interaction, resulting in an increase in colour strength.
The AE* is represented to the colour difference
calculated from CIE L*a*b* value. The L* value
defines the white-dark range; the higher L* the whiter
or lighter. The a* defines the red-green range; the
higher a* the more reddish. The b* defines the yellow-
blue range; the higher b* the more yellowish. CIE
L*a*b* value provides information that change in
colour shade of morin dyed fabric is derived from the
protein-morin dye interaction. Even though the dyed
fabric gave the yellow shade, there were not exactly
the same. There were a few differences in each yellow
shade.

Table 1: Effect of soy protein on dye properties of
dyed fabric

Soy bean K/S L* a* b* AE*
conc. (410

(g/L) nm)
untreated 1.8 884 -59 385 0.00
5 1.9 884 -6.0 39.1 0.6
10 20 881 -59 401 1.7
15 2.1 87.7 -5.7 405 2.1
20 2.1 876 -55 405 2.2
25 2.2 87.7 -55 39.7 2.5
30 2.3 87.0 -54 417 35

3.3 Effect of soy protein on colour fastness

Table 2 shows the effect of soy protein on colour
fastness properties (light fastness, wash fastness and
rubbing) of dyed fabrics treated with soy protein and
untreated fabric. The results show that there is no
difference in fastness properties between treated and
untreated dyed fabrics. Light fastness rating of morin
dye is 3-4. Wash fastness rating is 1-2 which is
considered poor. It could be said that even though
protein was capable of attracting morin dye but the
attractive force mainly hydrogen bonding was not
strong enough to withstand washing, resulting poor
wash fastness.

Table 2: Fastness properties

WEF RF
Soybean LF  Colour staining

conc. (g/L) change Dry  Wet

Untreated 3/4 1/2 4/5 4/5  3/4
5 3/4 1/2 4/5 5 3
10 3/4 1/2 4/5 4/5 3
15 3/4 1/2 4/5 4/5 3/4
20 3/4 1/2 4/5 4/5 3/4
25 3/4 1/2 4/5 4/5 3
30 3/4 1/2 4/5 4/5 3

4. Conclusions

In this study, depolymerization of soy protein using
sodium hydroxide was carried out and applied onto
cotton fabrics. ATR/FTIR analysis provided evidence
to confirm that amide group of soy protein presence on
the fabric surface. The nitrogen content slightly
increased as the applying concentration of soybean
milk increased. Effects of soy protein on dyeing
properties and fastness were evaluated. It was found
that the colour strength increased with an increase in
concentration of soy protein. However, there was no
difference in light fastness and wash fastness between
dyed treated and untreated dyed fabric due to weak
bonding interaction of morin dye.
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Abstract: Lipid Oxidation is one important reaction in
food system.The occurrence of this reaction gives the
rancidity in food products. The aim of this work was to
analyse the malondialdehyde content in soybean and soy
milk products that sold in the market by reverse phase
high performance liquid chromatography technique.
Malondialdehyde is one of an index to indicate the
occurrence of lipid oxidation in food. The soymilk
products samples were pasteurized soymilk and UHT
soymilk which were brought from fresh market and
super market in Bangkok. All those soymilk products
were analysed as soon as possible after sampling.The
results of the analysis showed the malondialdehyde
content in soybean approximately 5x10-6.0x10* ppm
and in soymilk samples  approximately 0.07-0.16
ppm.This indicated that the lipid oxidation reaction tend
to increase after soybean was processed to soymilk
products.

1. Introduction

Lipid peroxidation is one of important reaction
in food especially food containing fat. This reaction
is associated with cell aging and many chronic
diseases such as atherosclerosis ,cancer, inflammation,
etc. [1-4].The reactive oxygen species (ROS) can
react with double bonds of polyunsaturated fatty acids
(PUFASs) in food to yield lipid hydroperoxides. The
important ~ oxidation products of peroxidized
polyunsaturated fatty acids is malondialdehyde (MDA)
[5,6], which has been referred to have mutagenic and
cytotoxic effects[7]. It may  participate in the
atherosclerosis [8]. MDA has been used as biomarker
to indicate oxidative stress in cell[7,8]. MDA is also
widely used in food sciences as an index of lipid
oxidation and rancidity in foods and food products
too[9]. There have many works that report the MDA
content in food systems as cooking oil[10],fish
[11],cow milk[12]. However, the analysis of MDA is
most frequently determined by spectrophotometrically
as thiobarbituric acid reactive substances (TBARS)[8].
There was no report about the content of MDA in
soymilk products as drinking milk. The aim of this
work was to study the MDA content in soybean and
soymilk products using reverse phase high
performance liquid chromatography.The soybean was
analysed first to compare the MDA in soymilk
products. The results from this research may give the
detail about the oxidative stress from soybean in
processing by heat.Soybean is the one important cereal

for vegetarian people,it contain lipid for 19.94 %
[13].The soybean was processed to be many products
such as snack , soy milk etc. This work attened to
prove the lipid peroxidation occurrence in soybean
after processing to soymilk samples. However, there
are many types of soymilk products that sold in
Thailand market such as pasteurized pure soymilk,
pasteurized mixed soymilk with sesame or cowmilk
JUHT pure soymilk ,UHT soymilk mixed with other
food as .wheat germ ,corn milk, sesame, greentea,
chocolate.Thus,all samples are very interested to
analysed the lipid oxidation occurrence between
processing.

2. Materials and Methods

2.1 Study on the optimization for analysis by High
performance liquid chromatography

2.1.1 Preparation of Standard solution and
Thiobarbituric acid.[14]

The 1,1,3,3-Tetraethoxypropane (TEP)( AR grade
from Sigma) 23.0mg was weighed and dissolved in 10
ml of 0.IN HCl.Then, the standard solution was
incubated in water bath at 40°C for 40 min. to form
standard Malondialdehyde(MDA) 10 mM.The MDA
standard was prepared as standard series solution
between 0.5 — 10 nM.

The 2-thiobarbituric acid (TBA)(AR grade from
Fluka) was prepared to 0.6 %(W/V) in deionised
water.

2.1.2 Analysis of Standard MDA solution by High
performance liquid chromatography.

Both of standard solution MDA and TBA were
mixed together and incubated in water bath at 95 °C
for 60 min. and rapidly cool down to 10 °C. The
standard solution from derivertized products was
injected to the reverse phase column chroma-
tography(C18, SphereClone 5 um ODS, 250 x 4.60
mm, Phenomenex) couple with High performance
liquid chromatography( Agilent HP1100), detected
signal by Diode array UV detector at 532 nm.

2.1.3. Optimization method for analysis.

2.1.3.1 Study on buffer(KH,PO,) ratio to
ethanol solution.The KH,PO, buffer(pH6) for mobile
phase system was prepared as 20 mM and mixed with
ethanol in the ratio between 50:50 ,55:45,60:40,65:35
and 70:30. Those system was used to separated the
MDA-TBA derivertised products in HPLC system in
2.1.2.




