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Abstract

The antioxidant and anticandidal activities of leaves obtained from Camellia sinensis by non-fermentation (green
and white teas), semi-fermentation (red tea) and fermentation method (black tea) were investigated. It was evaluated
the total phenolic content by Folin-Ciocalteau assay; antioxidant capacities were evaluated in vitro using DPPH and
ABTS radicals, hypochlorous acid and superoxide anion scavenger assays, induced hemolysis, lipid peroxidation by
conjugated diene formation and myeloperoxidase activity. Anticandidal activity was performed on three strains of
Candida spp. The results showed that non-fermented teas have a higher concentration of phenolic compounds, and then
presented the best inhibitory activity of AAPH-induced hemolysis, the best inhibition of conjugated diene formation
and more pronounced antioxidant activity in all tests. The highest anticandidal activity was obtained from fermented
tea, followed by non-fermented tea. These results indicate that the antioxidant activity demonstrated has no direct
relation with the anticandidal activity.

Keywords: teas, fermentation method, Candida spp., phenolic compounds, reactive oxygen species.

Atividade antioxidante e antifingica das folhas de Camellia sinensis (L.)
Kuntze, obtidas por diferentes formas de producio

Resumo

A atividade antioxidante e antifingica das folhas obtidas da Camellia sinensis pelos métodos de nao-fermentagao (chas
verde e branco), semi-fermentagao (cha vermelho) e fermentacao (cha preto) foram investigadas. Foi avaliado o contetido
total de compostos fenolicos pelo método de Folin-Ciocalteau; a capacidade antioxidante foi avaliada in vitro usando os
radicais artificiais DPPH e ABTS, o acido hipocloroso, ensaios do anion superdxido, hemolise induzida, peroxidagdo
lipidica por formagéo de dienos conjugados e atividade da Mieloperoxidase. A atividade antifiingica foi obtida sobre trés
cepas de Candida spp. Os resultados obtidos mostram que os chas nao fermentados apresentam a maior concentragao
de compostos fendlicos e também, apresentam a melhor atividade inibitoria, sobre hemolise induzida por APPH, sobre
a formacdo de dienos conjugados e a mais pronunciada atividade antioxidante sobre todos os testes. A maior atividade
antifingica foi obtida pelo cha fermentado, seguido pelo semi-fermentado e nao-fermentados. Os resultados obtidos
demonstram que a atividade antioxidante observada nao apresenta relagdo com a atividade antifungica.

Palavras-chave: chas, métodos de fermentagdo, Candida spp., compostos fenolicos, espécies reativa de oxigénio.

1. Introduction

Tea is a popular drink and is the second most consumed
beverage after water (Mackenzie et al., 2010). From world
renowned teas, stand out, for example the products
obtained from the differential preparation of terminal
leaves and apical buds of Camellia sinensis (L.) Kuntze
(Godoin et al., 2010).

Methods for obtaining C. sinensis teas can be classified
into non-fermented (green and white teas), semi-fermented
(red tea) and fermented (black tea) (Barcirova, 2010).
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Fermentation refers to the natural browning reactions
induced by oxidative enzymes; such polyphenol oxidase
that is present in the cells of tea leaves (Haslam, 2003).
The non-fermentation method of green and white teas
differs by the age of the leaves, the retention of monomeric
catechins and increased stability (Almajano et al.,
2008). In semi-fermentation and fermentation processes,
monomeric catechins are oxidized by polyphenol oxidase
leading to dimers and polymers (Sharangi, 2009), such
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as theaflavins, theasinensins (Tanaka et al., 2003) and
thearubigins (Haslam, 2003), and these are responsible
for the dark coloration and lack of bitterness of the teas
(Chan et al., 2007).

C. sinensis teas have attracted a great deal of
attention due to their numerous health benefits, including
antioxidant, hypoglycemic, anticarcinogenic, antimutagenic,
hypocholesterolemic, anti-arteriosclerotic, antimicrobial
(Pereira et al., 2009) and antifungal activities like others
natural products (Evensen and Braun, 2009; Park et al.,
2006). The antioxidant activities are due to phenolic
compounds (Ashihara et al., 2010; Schmitz et al., 2005),
which are important in biological systems because of
their production of reactive oxygen species (ROS), which
may be related to degenerative disease processes such as
DNA damage, protein oxidation and lipid peroxidation
(Arsalani-Zadeh et al., 2011; Barreiros et al., 2000).

Recent studies have shown that the antioxidant
activities of catechins are more effective when they are in
their monomeric form (Sharangi, 2009; Almajano et al.,
2008). Thus, it has been suggested that white and green
teas have a higher antioxidant activity than black and red
teas (Haslam, 2003).

Catechins from C. sinensis have antioxidant activity
based on their redox potential, which act as reducing
agents or chelating metal ions. Thus, these catechins are
able to deactivate ROS and be stabilized (Barcirova, 2010;
Costa et al., 2009). Therefore, these catechins are able to
inhibit both DNA damage and lipid peroxidation, which
can cause membrane damage (Farhoosh et al., 2007).
The main catechins found in teas are epigallocatechingallate
(EGCGQG), epigallocatechin (EGC), epicatechingallate (ECG),
epicatechin (EC) and catechin (C) (Camargo et al., 2006).

The aim of this study was to comparatively evaluate
the antioxidant and anticandidal activities of different
C. sinensis teas.

2. Material and Methods

2.1. Tea infusion preparation

All teas were purchased from local markets to represent
the non-fermentation, semi-fermentation, and fermentation
manufacturing techniques. The teas were stored in the
same conditions to protect them from light and humid
degradation. The teas were prepared by the infusion
method during the day of measurement by using 0.5 g of
tea in 25 mL boiling distilled water for 30 min at room
temperature and subsequently filtered. The concentration
was adjusted by the dry weight (54% of yield), and the
teas were reconstituted in deionized water.

2.2. Measurement of total phenols

The Folin-Ciocalteau assay was carried out with some
modifications. Briefly, 10 pL of tea solution was added to
50 uL of Folin-Ciocalteau phenol reagent, and the reaction
was started with 50 pL of a sodium carbonate solution
(7.5% wi/v) brought to 200 pL total volume with distilled
water at 37 °C/15 min. Absorbance readings were taken
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at 680 nm. Gallic acid was used as the standard, and the
results are expressed as pg/mL of gallic acid equivalents
(Bora et al., 2005).

2.3. DPPH radical scavenging activity

Briefly, 60 pmol/L ethanolic solution of 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) was combined with 10 pL of
different teas in several concentrations. The reactions
were performed at room temperature for 30 min in dark
conditions. The decrease in absorbance at 531 nm was
determined as the DPPH radical scavenging activity
(Yamaguchy et al., 2000).

2.4. O, scavenging activity

The superoxide anion (O,") formation was determined
by measuring the decrease in the enzymatic reduction of
NBT (0.45 mmol/L in potassium phosphate buffer, pH 8.3)
was after incubation with NADH (2.5 mmol/L) and 10 pL
of different teas at several concentrations. The reaction
was started by the addition of PMS (0.1 mmol/L).
The scavenging activity of the teas was determined by
absorbance at 560 nm (Kakkar et al., 1984).

2.5. ABTS scavenging activity

This assay determines the ability of hydrogen-donating
antioxidants to scavenge 2,2’-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS™). An aqueous mixture of ABTS
(7 mmol/L) and potassium persulfate (2.45 mmol/L)
was incubated in the dark at room temperature for 12 h.
The subsequent ABTS™" was diluted with 50 mmol/L
phosphate buffer, 50 mmol/L NaCl, pH 7.4 (PBS) to an
absorbance of 0.70 (734 nm). The reduction of ABTS™*
adding 10 pL with different teas in several concentrations
was monitored spectrophotometrically for 30 min, and
the absorbance at 734 nm was recorded (Re et al., 1999).

2.6. HOCl scavenging activity

In this assay, 75 pmol/L HOCl was prepared by adjusting
a solution of NaOCI to water at a pH 12. This solution’s
concentration was determined spectrophotometrically at
292 nm using a molar absorption coefficient of 350 cm'M!
(Zgliczynski et al., 1971).

The assay was performed at room temperature, and
10 pL of different teas in several concentrations was then
added to 75 umol/L HOCI in PBS. Subsequently, the
reactions were incubated for 15 min at room temperature
in dark conditions. The remaining HOCI was detected by
TMB 0.014 mol/L, which has a maximum oxidation at
652 nm. The decrease in TMB absorbance represents the
antioxidant activity of each tea (Ximenes et al., 2005).

2.7. AAPH-induced hemolysis

The venous blood obtained from healthy volunteers
was collected in tubes containing heparin (10 pL).
Whole blood (10 mL) was centrifuged for 5 min at 1200 g,
and the supernatant and buffy coat were pipetted off and
discarded. The red blood cells (RBCs) were washed three
times with PBS and were finely dispersed in PBS at a cell
density of 1%.
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They were used on the same day that they were
obtained. Subsequently, the RBC suspension was mixed
with different concentrations of teas with 2,2’-azobis
(2-amidinopropane) hydrochloride (AAPH (50 mmol.L)).
The reaction was incubated for 6 h at 37 °C while shaking.
After the incubation, the RBCs were centrifuged for 5 min
at 1200 gat4°C. The supernatants were collected for analysis
of the extent of hemolysis by reading the absorption of the
hemoglobin at 540 nm (Espada et al., 2008). The results
from the experiments were expressed as a percentage
of hemolysis. All experiments using human blood were
approved by the Universidade Estadual do Centro-Oeste
Ethics Committee (protocol 408/2010).

2.8. Measurement of conjugated diene formation

The assay was performed with venous blood obtained
from healthy volunteers and collected in tubes. After clot
retraction, the blood was centrifuged for 5 min at 1200 g at
4°C, and then, the serum was collected and diluted 1:100 in
PBS. The serum was incubated with different types of tea,
and the lipid peroxidation process was initiated by CuCl,
30 umol/L. Conjugated diene formation was monitored
spectrophotometrically at 245 nm every 10 min for 5 h
(Schnitzer et al., 1998).

2.9. MPO (myeloperoxidase) activity

MPO activity was determined spectrophotometrically
by guaiacol oxidation. The reaction mixture contained
8 nmol/L MPO, 80 mmol/L guaiacol and different teas
in several concentrations. The reaction was started by
adding H,0, 48 mmol/L, and the increase of absorbance
at 470 nm was recorded after 5 min at 37°C. The enzyme
activity was determined by the slope of the absorption
curve set at 470 nm. Absorbance was recorded using a
microplate reader (Molecular Devices Spectra Max 190)
(Khalil et al., 2008).

2.10. Antifungal susceptibility testing

The antifungal activity was performed according to a
previous report (M-27-A2, 2002) with minor modifications.
Initially, inoculums were prepared with fresh cultures of
microbial strains cultured in Sabouraud 2% (w/v) dextrose
agar for 24 h 37°C; the inoculum was made in saline solution
(0.85%) at an optical density from 0.08 to 0.1 at 530 nm.

The solution was then diluted 1:50 and sequentially 1:20
with RPMI to obtain between 1x10* and 5x10° UFC/mL.
On a 96 wells microplate reader, this solution was then
inoculated with 100 pL of strain suspension and 10 pL

of'teas, and the final volume (200 pL) was adjusted with
RPMI. The microplates were incubated at 37°C, and the
results were analyzed in 24 h by visual inspection of
turbidity. The lowest concentration that was no turbidity
was determined as the minimal inhibitory concentration
(MIC) (CLSI, 2002). Amphotericin (10 w/mL) was used
as the positive control. The strains used were Candida
albicans ATCC 14053, Candida albicans ATCC 64548
and Candida krusei ATCC 6258.

2.11. Statistical treatment

All the tests were performed in triplicate. Data were
evaluated by one-way analysis of variance (ANOVA),
followed for Turkey-Kramer multiple comparison tests.
Data were considered significant if P values of < 0.5
were obtained.

3. Results and Discussion

3.1. Total phenols

The highest total phenolic compound (TPC) (Table 1)
was detected from white tea (85.36 + 0.057) followed by
green, red and black tea (76.00 + 0.162; 45.47 + 0.102;
43.34 4+ 0.034, respectively). The differences among the
concentrations are significant (p <0.05). This result suggests
that the manufacturing process interferes in phenol content
because the highest concentration of phenolic compounds
was found in non-fermented teas. It also suggests that the
non-fermentation process keeps the phenolic compounds
in their more stable monomeric form; thus, higher TPC
equates to higher antioxidant activity (Chan et al., 2007).

3.2. Antioxidant activity

The antioxidant activity was determined by DPPH,
ABTS™, O,”, HOCI and hemolysis induced by AAPH
presented as an IC, (Table 1). The order of antioxidant
activity was not always dependent upon total TPC all
of the time. There was a high correlation between TPC
and antioxidant activity as observed by the IC, analysis.
The most antioxidant activity was observed in teas that
contained higher total phenol with some exceptions.

3.3. DPPH' and ABTS ** scavenging assay

The non-fermented teas (white and green) showed
more pronounced activity on the radicals DPPH"
(white:11.38+0.2192 pg/mL and green: 14.45+0.091 pg/mL)
and ABTS™ (white: 5.21+£0.353 pg/mL and green:
5.1940.007 pg/mL), showed no significant difference in

Table 1. Content of total phenols, IC, (expressed by pg/mL) on radicals and ROS, and the influence on MPO activity of

several teas influenced by manufacturing process.

assay Total DPPH ABTS™ 0- HOCI AAPH MPO
Teas Phenols 2

Green  76.00:0.04* 14.45:0.09°  5.1940.00° 89.702.68° 1.6140.52° 12.15:4.36'  6.86+1.19°

White  85.36+0.04° 11.38£021°  5.21£035° 98.14+£.020  2.13+0.07° 19.52+647°  3.94+0.57

Red 45.47£0.02° 32.69+422° 13.55:0.00° 171.89+4.08° 3.47+1.96° 143.68+1.43 14.47+5.07¢

Black  433420.02° 40.16+026° 14.55:0.24° 215.73£0.50° 4.060.41° 7121£6.42 42.46+3.42

Different letters differ statistically.
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their antioxidant activities. The antioxidant activity of
semi-fermented, red (DPPH":32.694+4.228 pg/mL ABTS
*-13.55+0.007 pg/mL), and fermented tea, black (DPPH':
40.16+0.268 pg/mL ABTS *'-14.55+0.247 pg/mL) was
shown to be lower than green and white teas. This study
has shown that white tea had a greater concentration of
total phenolics, but this result is independent of its activity
on the radical scavenging DPPH" and ABTS " compared
to green tea.

This results above corroborate with the study of
Yang et al., (2009) demonstrated that the main active
phenolic compounds EGCG and ECG and ethanolic extracts
have an excellent scavenger activity on the artificial radical
DPPH *and ABTS ** Coimbra et al., (2006) that concluded
that ingestion of a green tea may have a beneficial effect in
reducing the development of oxidative stress from a study
with 34 people and; therefore, green tea protects people
from diseases related to oxidative stress.

3.4. 0, scavenging activity

Green and white teas have the greatest effect on the
O, (Table 1) and have similar activity observed by IC, on
this ROS followed by red and black teas. The activity of
the fermented tea was two times less than non-fermented
tea. Although O, does not have great reactivity, it does
have a long half-life and contributes to the creation of new
potentially harmful O, species, such as H,O, and OH".
Furthermore, O, can easily be converted to OH" and cause
DNA damage, or it can be dismuted by superoxide dismutase
(SOD) into H,0,. This generated H,O, can stimulate MPO
to produce HOCI, a powerful ROS oxidizing agent (Tsang
and Chung, 2009).

3.5 Hypochlorous acid scavenging activity

Green tea had the highest activity on the HOCI
(1.6140.523 pg/mL) followed by white (2.13+0.070 pg/mL),
red (3.47+1.965 png/mL) and black (4.06+0.417 ng/mL)
teas, respectively. According to the results (which showed
low values of IC, ), the teas have a strong activity on this
ROS. HOCI was formed as a product of MPO activity
using H,0, and halides. The overproduction of HOCI
contributes to tissue damage in chronic inflammatory
processes (Halliwell, 2006). In addition, the production
of HOCI is related with cardiovascular diseases, and its
concentration may be increased three fold more than normal
in Alzheimer’s disease (Jerlich et al., 2000).

3.6. Hemolysis test by AAPH induced

White tea had the highest activity (12.15+4.362 pg/mL),
which differed significantly from the green (19.526+6.470 ug/mL),
followed by black tea (71.2146.427 pg/mL). The lowest
activity was seen in the red tea, with a performance 12 times
poorer than the white tea (143.68+1.432 pg/mL), based on
IC, . This assay is a good model because membranes, lipids
and proteins are great targets for ROS attack (Yap et al.,
2010). RBCs do not have a nucleus; however, their membrane
is rich in polyunsaturated fatty acids that are susceptible
to lipid peroxidation and lyses (Chantepie et al., 2009).
AAPH is a water soluble azo compound that releases
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nitrogen gas that reacts with O, to form a peroxyl radical.
This peroxyl radical may attach to the RBCs membranes.
In the hemolysis test, we observed the antioxidant activity
of different teas by measuring the inhibition RBCs lyses,
according to IC (Table 1).

3.7. Measurement of conjugated diene formation

The serum that was treated by green, white and red
teas had an increased lag phase, and it was observed that
the time to initiate the lipid peroxidation was higher in
green tea where peroxidation began after 150 min of
reaction. The peroxidation in serum treated with white
and red teas began approximately 100 min and 80 min,
respectively, whereas black tea showed no delay in serum
peroxidation (Figure 1). Conjugated diene formation is
largely related with cellular damage in chronic diseases,
such as neoplasm, Alzheimer’s disease, Parkinson’s disease
and other inflammatory processes (Simdo et al., 2006).
The lipid peroxidation occurs when a ROS removes an H*
from a polyunsaturated fatty acid methylene group and a
lipid radical is formed. This radical undergoes molecular
rearrangement and forms conjugated dienes, which react
in cascade. These products are both reactive and long
lived and are active inside and outside the cells as the
malonaldehyde (MDA). The MDA nucleophilically reacts
with individual nucleotides, amino acids and proteins,
exacerbating oxidative damage (Franco et al., 2009).

3.8. MPO activity

The activity of teas on guaiacol oxidation by MPO
is demonstrated by IC, (Table 1). The white tea showed
the strongest inhibitory effect on MPO, according
to IC,; (3.94+0.579 ng/mL) followed by green tea
(6.86+1.195 pg/mL). The red (14.47+5.077 ug/mL) and
the black teas (42.46+3.422 pg/mL) had less activity.
However, black tea was 10 fold less active than white
tea. This result is important because there is a correlation

0.40
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0.34 —a— control
—O0— greentea
—— white tea
0.32 4 —v—red tea
—«¢— black tea
030 T T T T T T T
0 50 100 150 200 250 300

Time (minutes)

Figure 1. C. sinensis’s effect on lipid peroxidation. Lipid
peroxidation induced by CuCl, (30 pmol/L) in serum
trated with the teas. The absorbance range was monitored
spectrophotometrically at 245 nm each 10 min, 5 h.
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Table 2. The antifungal susceptibility (MIC 50% pg/mL) testing of teas on ATCC strains.

Species Green tea White tea Red tea Black tea
Strains pg/mL pg/mL pg/mL pg/mL
Candida albicans 33.75 135 > 270 16.87
ATCC 14053
Candida albicans 67.5 135 >270 33.75
ATCC 64548
Candida krusei 16.87 16.87 > 270 16.87
ATCC 6258

between high HOCI concentration, which is formed by
MPO, and chronic inflammatory processes, such as arthritis
and atherosclerosis. MPO is a cationic heme protein
extensively found in phagocytes (Del Rio et al., 2005).
The products from MPO should catalyze the oxidative
activity under biological targets such as LDL (Arnhold and
Flemmig, 2010). The presence of MPO is associated with
atherosclerosis processes, and high levels are considered to
be risk factors for coronary disease (Franco et al., 2009),
Alzheimer’s disease and arthritis (Podrez et al., 2000).

3.9. The antifungal susceptibility testing

The present study analyzed the antifungal activity of
commercial teas (Table 2). It was observed that all of the
tested teas, with the exception of red tea, had antifungal
activity over the strains tested. Black tea was found to
have the most effective antifungal activity, observed by
the minimal inhibitory concentration (MIC). In our study,
we observed that C. krusei ATCC 6258 was the most
sensitive strain.

In recent years the emergencies of systemic fungal
infections have been observed in immune suppressed
patients, and these patients are associated with a poor
prognosis (Guilpain et al., 2008). This fact and the lack
of effective antifungal agents highlight the necessity of
obtention of natural products with antifungal activity that
do not have negative side effects or antimycotic resistance
(Nguyen et al., 1996) (Perumalla and Hettiarachchy, 2011).
There are few studies describing the antifungal activity of
black tea. However, most studies have shown antifungal
activity by EGCG in non-fermented white and green teas
(Perumalla and Hettiarachchy, 2011; Pfaller et al., 2002).
Park et al., (2006) demonstrated an antifungal activity
of EGCG on 21 isolates of Candida spp. with an MIC
similar to fluconazole, which was only less effective
than amphotericin. These results suggest that EGCG, a
compound derives from C. sinensis leaves tea is a potential
antifungal agent.

The black tea activity can be explained by the
highest xanthine concentration, which was demonstrated
by Kumar et al., (1995) as being responsible for plant
defenses. In recent study, theaflavins present antifungal
activities over several strains of Candida spp. (Martinez
and Garcia-Casanovas., 2006). Black tea polyphenols
(catechins and theaflavins) present activity on Candida
species (Sitheeque et al., 2009), but when Almajano et al.,
(2008) comparatively analyzed infusion teas, the anticandidal

432

activity was higher in non-fermented teas. However, their
study was performed in a different strain of Candida,
C. albicans ATCC 1002, under extractive conditions with
a different methodology than the present study.

Our results demonstrate that fermented tea (black tea)
has the highest antifungal activity on Candida species,
followed by non-fermented tea (green tea), which has
higher phenol concentration.

Comparatively, the present study showed very satisfactory
results of the antifungal activity of black tea, followed
by white and green tea on ATCC strains of Candida spp.

4. Conclusion

For the first time, this study observed and compared
the antioxidant activity of C. sinensis teas obtained by
four different methods and concluded that the antioxidant
activity is highest in non-fermented teas. Furthermore, it
was determined that the antioxidant activity is related to
the concentration of total phenols present in the samples
and that this activity is dose-dependent. Importantly, the
antifungal activity was highest in black tea (fermented),
followed by green tea and white teas, suggesting no
direct relationship between this antifungal activity and
the concentration of total phenols.

References

ALMAJANO, M.P, CARBO, R., JIMENEZ, I.A.L. and GORDON,
M.H., 2008. Antioxidant and antimicrobial activities of tea
infusions. Food Chemistry, vol. 108, no. 1, pp. 55-63. http://
dx.doi.org/10.1016/j.foodchem.2007.10.040.

ARNHOLD, J. and FLEMMIG, J., 2010. Human myeloperoxidase
in innate and acquired immunity. Archives of Biochemistry and
Biophysics, vol. 500, no. 1, pp. 92-106. http://dx.doi.org/10.1016/j.
abb.2010.04.008. PMid:20399194.

ARSALANI-ZADEH, R., ULLAH, S., KHAN, S. and MAC
FIE, J., 2011. Oxidative Stress in Laparoscopic Versus Open
Abdominal Surgery: A Systematic Review. The Journal of Surgical
Research, vol. 169, no. 1, pp. 59-68. http://dx.doi.org/10.1016/j.
j$s.2011.01.038. PMid:21492871.

ASHIHARA, H., DENG, W.W., MULLEN, W. and CROZIER, A.,
2010. Distribution and biosynthesis of flavan-3-ols in Camellia
sinensis seedlings and expression of genes encoding biosynthetic
enzymes. Phytochemistry, vol. 71, no. 5-6, pp. 559-566. http:/
dx.doi.org/10.1016/j.phytochem.2010.01.010. PMid:20189205.

Braz. J. Biol., 2016, vol. 76, no. 2, pp. 428-434


http://dx.doi.org/10.1016/j.foodchem.2007.10.040
http://dx.doi.org/10.1016/j.foodchem.2007.10.040
http://dx.doi.org/10.1016/j.abb.2010.04.008
http://dx.doi.org/10.1016/j.abb.2010.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20399194&dopt=Abstract
http://dx.doi.org/10.1016/j.jss.2011.01.038
http://dx.doi.org/10.1016/j.jss.2011.01.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21492871&dopt=Abstract
http://dx.doi.org/10.1016/j.phytochem.2010.01.010
http://dx.doi.org/10.1016/j.phytochem.2010.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20189205&dopt=Abstract

Biological Activities of C sinensis leaves processed by several kind of fermentation

BARCIROVA, M., 2010. Comparison of the antioxidant capacity
and the antimicrobial activity of black and green tea. Food
Research International, vol. 43, no. 5, pp. 1379-1382. http:/
dx.doi.org/10.1016/j.foodres.2010.04.020.

BARREIROS, A.L.B.S., DAVID, J.M. and DAVID, J.P., 2006.
Estresse oxidativo: Rela¢ao entre geragdo de espécies reativas e
defesa do organismo. Quimica Nova, vol. 29, no. 1, pp. 113-123.
http://dx.doi.org/10.1590/S0100-40422006000100021.

BORA, K., MIGUEL, O.G.,ANDRADE, C.A. and OLIVEIRA,
A.O.T., 2005. Determinagdo das concentragdes de polifendis e do
potencial antioxidante das diferentes fragdes do extrato de folhas
de Dicksoniasellowiana, (Presl.) Hook, DICKSON IACEAE.
Revista Visdo Académica, vol. 6, pp. 6-15.

CAMARGO, A.E.I., DAGUER, D.A.E. and BARBOSA,
D.S., 2006. Green tea exerts antioxidant action in vitro and its
consumption increases total serum antioxidant potential in normal
and dyslipidemic subjects. Nutrition Research, vol. 26, no. 12,
pp. 626-631. http://dx.doi.org/10.1016/j.nutres.2006.09.005.

CHAN, E.-W.C., LIM, Y.Y. and CHEW, Y.L., 2007. Antioxidant
activity of Camellia sinensis leaves and tea from a lowland
plantation in Malaysia. Food Chemistry, vol. 102, no. 4, pp.
1214-1222. http://dx.doi.org/10.1016/j.foodchem.2006.07.009.

CHANTEPIE, S., MALLE, E., SATTLER, W., CHAMPMAN,
M.J. and KONTUSH, A., 2009. Distinct HDL subclasses present
similar intrinsic susceptibility to oxidation by HOCI. Archives of
Biochemistry and Biophysics, vol. 487, no. 1, pp. 28-35. http:/
dx.doi.org/10.1016/j.abb.2009.05.005. PMid:19464255.

CLINICAL AND LABORATORY STANDARDS INSTITUTE
— CLSI, 2002. Reference method for broth dilution antifungal
susceptibility testing of yeasts, approved standard-second edition.
Pennsylvania: CLSI. CLSI document M27-A2.

COIMBRA, S., CASTRO, E.,ROCHA-PEREIRA, P., REBELO,
1., ROCHA, S. and SANTOS-SILVA, A., 2006. The effect of
green tea in oxidative stress. Clinical Nutrition, vol. 25, no.
5, pp. 790-796. http://dx.doi.org/10.1016/j.clnu.2006.01.022.
PMid:166981438.

COSTA,R.M., MAGALHAES, A S., PEREIRA, J.A., ANDRADE,
P.B., VALENTAO, P, CARVALHO, M. and SILVA, B.M., 2009.
Evaluation of free radical-scavenging and antihemolytic activities
of quince (Cydoniaoblonga) leat: A comparative study with green
tea (Camellia sinensis). Food and Chemical Toxicology, vol. 47,
no. 4, pp. 860-865. http://dx.doi.org/10.1016/j.fct.2009.01.019.
PMid:19271320.

DEL RIO, D., STEWART, A.J. and PELLEGRINI, N., 2005. A
review of recent studies on malondialdehyde as toxic molecule
and biological marker of oxidative stress. Nutrition, Metabolism,
and Cardiovascular Diseases, vol. 15, no. 4, pp. 316-328. http://
dx.doi.org/10.1016/j.numecd.2005.05.003. PMid:16054557.

ESPADA, R., VALESPINA, S., ALFONSO, C., RIVAS, G. and
BALLESTEROS, M.P.,, 2008. Effect of aggregation state on the
toxicity of different amphotericin B preparations. International
Journal of Pharmaceutics, vol. 361, no. 1-2, pp. 64-69. http://
dx.doi.org/10.1016/j.ijpharm.2008.05.013. PMid:18599228.

EVENSEN, N.A. and BRAUN, P.C., 2009. The effects of tea
polyphenols on Candida albicans: inhibition of biofilm formation
and proteasome inactivation. Canadian Journal of Microbiology,
vol. 55,n0.9, pp. 1033-1039. http://dx.doi.org/10.1139/W09-058.
PMid:19898545.

Braz. J. Biol., 2016, vol. 76, no. 2, pp. 428-434

FARHOOSH, R., GOLMOVAHHED, G.A. and KHODAPARAST,
M.H.H., 2007. Antioxidant activity of various extracts of old
tea leaves and black tea wastes (Camellia sinensis L.). Food
Chemistry, vol. 100, no. 1, pp. 231-236. http://dx.doi.org/10.1016/j.
foodchem.2005.09.046.

FRANCO, R., SANCHEZ-OLEA, R.,REYES-REYES, E.M. and
PANAYIOTIDIS, M.1., 2009. Environmental toxicity, oxidative
stress and apoptosis: ménage a trois. Mutation Research, vol. 674,
no. 1-2, pp. 3-22. http://dx.doi.org/10.1016/j.mrgentox.2008.11.012.
PMid:19114126.

GODOIN, A., GRUSU, D., STEWART, D. and MC DOUGALL,
G., 2010. White and green tea polyphenols inhibit pancreatic
lipase in vitro. Food Research International, vol. 43, no. 5, pp.
1537-1544. http://dx.doi.org/10.1016/j.foodres.2010.04.029.

GUILPAIN, P, SERVETTAZ, A., BATTEUX, F., GUILLEVIN,
L. and MOUTHON, L., 2008. Natural and disease associated
anti-myeloperoxidase (MPO) autoantibodies. Autoimmunity
Reviews, vol. 7, no. 6, pp. 421-425. http://dx.doi.org/10.1016/j.
autrev.2008.03.009. PMid:18558355.

HALLIWELL, B., 2006. Phagocyte-derived reactive species:
salvation or suicide? Trends in Biochemical Sciences, vol. 31,
no. 9, pp. 509-515. http://dx.doi.org/10.1016/].tibs.2006.07.005.
PMid:16890439.

HASLAM, E., 2003. Thoughts on thearubigins. Phytochemistry,
vol. 64, no. 1, pp. 61-73. http://dx.doi.org/10.1016/S0031-
9422(03)00355-8. PMid:12946406.

JERLICH, A., FRITZ, G., KHARRAZI, H., HAMMEL, M.,
TSCHABUSCHNIG, S., GLATTER, O. and SCHAUR, R.J.,
2000. Comparison of HOCl traps with myeloperoxidase inhibitors
in prevention of low density lipoprotein oxidation. Biochimica
et Biophysica Acta, vol. 1481, no. 1, pp. 109-118. http://dx.doi.
org/10.1016/S0167-4838(00)00112-6. PMid:11004581.

KAKKAR, P.,, DAS, B. and VISWANATHAN, P.N., 1984. A
modified spectrophotometric assay of superoxide dismutase.
Journal of Biochemical and Biophysical Methods, vol. 21, no.
2, pp. 130-132. PMid:6490072.

KHALIL, N.M., PEPATO, M.T. and BRUNETTI, I.L., 2008.
Free radical scavenging profile and Myeloperoxidase inhibition
of extracts from Antidiabetic plants: Bauhinia forficata and
Cissussicyoides. Biological Research, vol. 41, no. 2, pp. 165-
171. http://dx.doi.org/10.4067/S0716-97602008000200006.
PMid:18949134.

KUMAR, S.N., HEWAVITHARANAGE, P. and ADIKARAM,
N.K.B., 1995. Attack on tea by Xyleborus fornicates: Inhibition
of the symbionte Monacrosporum ambrosium, by caffeine.
Phytochemistry, vol. 40, no. 4, pp. 1113-1116. http://dx.doi.
org/10.1016/0031-9422(95)00396-0.

MACKENZIE, J.S., JURADO, J.M. and PABLOS, F., 2010.
Characterization of tea leaves according to their total mineral
content by means of probabilistic neural networks. Food
Chemistry, vol. 123, no. 3, pp. 859-864. http://dx.doi.org/10.1016/].
foodchem.2010.05.007.

MARTINEZ, N. and GARCIA-CASANOVAS, F., 2006. Tea
polyphenol epigallocatechin-3-gallate inhibits ergosterol synthesis
by disturbing folic acid metabolismin Candida albicans. The
Journal of Antimicrobial Chemotherapy, vol. 57, no. 6, pp. 1083-
1092. http://dx.doi.org/10.1093/jac/dk1124. PMid:16585130.

NGUYEN, M.H., PEACOCK JUNIOR, J.E., MORRIS, A.J,,
TANNER, D.C., NGUYEN,M.L., SNYDMAN, D.R., WAGENER,

433


http://dx.doi.org/10.1016/j.foodres.2010.04.020
http://dx.doi.org/10.1016/j.foodres.2010.04.020
http://dx.doi.org/10.1590/S0100-40422006000100021
http://dx.doi.org/10.1016/j.nutres.2006.09.005
http://dx.doi.org/10.1016/j.foodchem.2006.07.009
http://dx.doi.org/10.1016/j.abb.2009.05.005
http://dx.doi.org/10.1016/j.abb.2009.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19464255&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2006.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16698148&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16698148&dopt=Abstract
http://dx.doi.org/10.1016/j.fct.2009.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19271320&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19271320&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2005.05.003
http://dx.doi.org/10.1016/j.numecd.2005.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16054557&dopt=Abstract
http://dx.doi.org/10.1016/j.ijpharm.2008.05.013
http://dx.doi.org/10.1016/j.ijpharm.2008.05.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18599228&dopt=Abstract
http://dx.doi.org/10.1139/W09-058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19898545&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19898545&dopt=Abstract
http://dx.doi.org/10.1016/j.foodchem.2005.09.046
http://dx.doi.org/10.1016/j.foodchem.2005.09.046
http://dx.doi.org/10.1016/j.mrgentox.2008.11.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19114126&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19114126&dopt=Abstract
http://dx.doi.org/10.1016/j.foodres.2010.04.029
http://dx.doi.org/10.1016/j.autrev.2008.03.009
http://dx.doi.org/10.1016/j.autrev.2008.03.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18558355&dopt=Abstract
http://dx.doi.org/10.1016/j.tibs.2006.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16890439&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16890439&dopt=Abstract
http://dx.doi.org/10.1016/S0031-9422(03)00355-8
http://dx.doi.org/10.1016/S0031-9422(03)00355-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12946406&dopt=Abstract
http://dx.doi.org/10.1016/S0167-4838(00)00112-6
http://dx.doi.org/10.1016/S0167-4838(00)00112-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11004581&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6490072&dopt=Abstract
http://dx.doi.org/10.4067/S0716-97602008000200006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18949134&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18949134&dopt=Abstract
http://dx.doi.org/10.1016/0031-9422(95)00396-O
http://dx.doi.org/10.1016/0031-9422(95)00396-O
http://dx.doi.org/10.1016/j.foodchem.2010.05.007
http://dx.doi.org/10.1016/j.foodchem.2010.05.007
http://dx.doi.org/10.1093/jac/dkl124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16585130&dopt=Abstract

Camargo, L.E.A. et al.

M.M., RINALDI, M.G. and YU, V.L., 1996. The changing face
of candidemia: emergence of non-Candida albicans species
and antifungal resistance. The American Journal of Medicine,
vol. 100, no. 6, pp. 617-623. http://dx.doi.org/10.1016/S0002-
9343(95)00010-0. PMid:8678081.

PARK, B.J.,PARK, J.C., TAGUCHL H., FUKUSHIMA, K.H. and
TAKATORI, K., 2006. Antifungal susceptibility of epigallocatechin
3-O-gallate (EGCg) on clinical isolates of pathogenic yeasts.
Biochemical and Biophysical Research Communications, vol. 347,
no. 2, pp. 401-405. http://dx.doi.org/10.1016/j.bbrc.2006.06.037.
PMid:16831406.

PEREIRA, A.V., ALMEIDA, T.C., BELTRAME, F.L., COSTA,
M.E. and GARRIDO, L.H., 2009. Determinac¢ao de compostos
fenolicos em amostras comerciais de cha verde e preto — Camellia
sinensis (L.) Kuntze, Theaceae. Acta Scientiarum. Health Sciences,
vol. 31, pp. 119-124.

PERUMALLA,A.V.and HETTIARACHCHY, N.S.,2011. Green
tea and grape seed extracts —Potential applications in food safety
and quality. Food Research International, vol. 44, no. 4, pp. 827-
839. http://dx.doi.org/10.1016/j.foodres.2011.01.022.

PFALLER, A., DIEKEMA, D.J., JONES, R.N., MESSER, S.A.,
HOLLIS, R.J., and SENTRY PARTICIPANTS GROUP, 2002.
Trends in antifungal susceptibility of Candida spp. isolated
from pediatric and adult patients with blood- stream infections:
SENTRY Antimicrobial Surveillance Program. Journal of Clinical
Microbiology, vol. 40,no. 3, pp. 852-856. http://dx.doi.org/10.1128/
JCM.40.3.852-856.2002. PMid:11880404.

PODREZ, E.A., ABU-SOUD, H.M. and HAZEN, S.L., 2000.
Myeloperoxidase-Generated oxidants and atherosclerosis. Free
Radical Biology & Medicine, vol. 28, no. 12, pp. 1717-1725. http://
dx.doi.org/10.1016/S0891-5849(00)00229-X. PMid:10946213.

RE, R., PELLEGRINI, N., PROTEGGENTE, A., PANNALA,
A.,YANG, M. and RICE-EVANS, C., 1999. Antioxidant activity
applying an improved ABTS radical cation decolourisation
assay. Free Radical Biology & Medicine, vol. 26, no. 9-10, pp.
1231-1237. http://dx.doi.org/10.1016/S0891-5849(98)00315-3.
PMid:10381194.

SCHMITZ, W., SAITO, A.Y., ESTEVAO, D. and SARIDAKIS,
H.O., 2005. O cha verde e suas agdes como quimioprotetor.
Semina: Ciéncias Biologicas e da Saude, vol. 26, pp. 119-130.

SCHNITZER, E., PINCHUK, I., BOR, A., FAINARU, M.,
SAMUNI, A.M. and LICHTENBERG, D., 1998. Lipid oxidation
in unfractionated serum and plasma. Chemistry and Physics of
Lipids, vol. 92, no. 2, pp. 151-179. http://dx.doi.org/10.1016/
S0009-3084(98)00021-8. PMid:9682469.

SHARANGI, A.B., 2009. Medicinal and therapeutic potentialities of
tea (Camellia sinensis L.) —A review. Food Research International,
vol. 42, no. 5-6, pp. 529-535. http://dx.doi.org/10.1016/j.
foodres.2009.01.007.

434

SIMAO,AN.C., SUZUKAWA, A.A., CASADO, M.F., OLIVEIRA,
R.D., GUARNIER, F.A. and CECCHINI, R., 2006. Genistein
abrogates pre-hemolytic and oxidative stress damage induced
by 2, 2'-Azobis (Amidinopropane). Life Sciences, vol. 78, no.
11, pp. 1202-1210. http://dx.doi.org/10.1016/].1fs.2005.06.047.
PMid:16242158.

SITHEEQUE, M.A., PANAGODA, G.J., YAU, J., AMARAKOON,
AM., UDAGAMA, U.R. and SAMARANAYAKE, L.P., 2009.
Antifungal activity of black tea polyphenols (catechins and
theaflavins) against Candida species. Chemotherapy, vol. 55, no. 3,
pp. 189-196. http://dx.doi.org/10.1159/000216836. PMid:19420933.

TANAKA, T., WATARUMI, S., MATSUO, Y., KAMEI, M.
and KOUNO, 1., 2003. Production of theasinensins A and
D,epigallocatechingallate dimers of lack tea, by oxidation—reduction
dismutation of dehydrotheasinensin. Tetrahedron, vol. 59, no.
40, pp. 7939-7947. http://dx.doi.org/10.1016/j.tet.2003.08.025.

TSANG, A.H. and CHUNG, K K., 2009. Oxidative and nitrosative
stress in Parkinson’s disease. Biochimica et Biophysica Acta,
vol. 1792, no. 7, pp. 643-650. http://dx.doi.org/10.1016/j.
bbadis.2008.12.006. PMid:19162179.

XIMENES, V.F., PAINO, .M., FARIA-OLIVEIRA, O.M.,
FONSECA, L.M. and BRUNETTI, I.L., 2005. Indole ring
oxidation by activated leukocytes prevents the production of
hypochlorous acid. Brazilian Journal of Medical and Biological
Research, vol. 38,no. 11, pp. 1575-1583. http://dx.doi.org/10.1590/
S0100-879X2005001100003. PMid:16258625.

YAMAGUCHY, F.,ARIGA, T., YOSHIMURA, Y. and NAKAZAWA,
H., 2000. Antioxidative and anti-glycation activity of garcinol
from Garciniaindicafruit rind. Journal of Agricultural and Food
Chemistry, vol. 48, no. 2, pp. 180-185. http://dx.doi.org/10.1021/
j1990845y. PMid:10691613.

YANG, Z., TU, Y., BALDERMANN, S., DONG, F., XU, Y. and
WATANABE, N., 2009. Isolation and identification of compounds
from the ethanolic extract of flowers of the tea (Camellia sinensis)
plant and their contribution to the antioxidant capacity. LIWT - Food
Science and Technology, vol. 42, pp. 1439-1443.

YAP, W.Y., CHEN, M.J., CHOY, M.S., YAP, W.Y., CHEN, M.J.,
CHOY, M.S., PENG, Z.F., WHITEMAN, M. and MANIKANDAN,
J.,2010. Temporal transcriptomic profiling reveals cellular targets
that govern survival in HOCl-mediated neuronal apoptosis.
Life Sciences, vol. 87, no. 15-16, pp. 457-467. http://dx.doi.
org/10.1016/).1£5.2010.08.011. PMid:20837029.

ZGLICZYNSKI, J.M., STELMASZYNSKA, T., DOMANSKI,
J.and OSTROWSKI, W., 1971. Chloramines as intermediates of
oxidation reaction of amino acids by myeloperoxidase. Biochimica
et Biophysica Acta, vol. 235, no. 3, pp. 419-424. http://dx.doi.
org/10.1016/0005-2744(71)90281-6. PMid:4378090.

Braz. J. Biol., 2016, vol. 76, no. 2, pp. 428-434


http://dx.doi.org/10.1016/S0002-9343(95)00010-0
http://dx.doi.org/10.1016/S0002-9343(95)00010-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8678081&dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2006.06.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16831406&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16831406&dopt=Abstract
http://dx.doi.org/10.1016/j.foodres.2011.01.022
http://dx.doi.org/10.1128/JCM.40.3.852-856.2002
http://dx.doi.org/10.1128/JCM.40.3.852-856.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11880404&dopt=Abstract
http://dx.doi.org/10.1016/S0891-5849(00)00229-X
http://dx.doi.org/10.1016/S0891-5849(00)00229-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10946213&dopt=Abstract
http://dx.doi.org/10.1016/S0891-5849(98)00315-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381194&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381194&dopt=Abstract
http://dx.doi.org/10.1016/S0009-3084(98)00021-8
http://dx.doi.org/10.1016/S0009-3084(98)00021-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9682469&dopt=Abstract
http://dx.doi.org/10.1016/j.foodres.2009.01.007
http://dx.doi.org/10.1016/j.foodres.2009.01.007
http://dx.doi.org/10.1016/j.lfs.2005.06.047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16242158&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16242158&dopt=Abstract
http://dx.doi.org/10.1159/000216836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19420933&dopt=Abstract
http://dx.doi.org/10.1016/j.tet.2003.08.025
http://dx.doi.org/10.1016/j.bbadis.2008.12.006
http://dx.doi.org/10.1016/j.bbadis.2008.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19162179&dopt=Abstract
http://dx.doi.org/10.1590/S0100-879X2005001100003
http://dx.doi.org/10.1590/S0100-879X2005001100003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16258625&dopt=Abstract
http://dx.doi.org/10.1021/jf990845y
http://dx.doi.org/10.1021/jf990845y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10691613&dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2010.08.011
http://dx.doi.org/10.1016/j.lfs.2010.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20837029&dopt=Abstract
http://dx.doi.org/10.1016/0005-2744(71)90281-6
http://dx.doi.org/10.1016/0005-2744(71)90281-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4378090&dopt=Abstract

