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Copyright © 2017 Raúl Ferrer-Gallego et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Polyphenols are abundant secondary metabolites present in
many species of plants. Over the lasts years, polyphenols
have shown increasingly interest in Food Science. The intake
of polyphenols in our diet is closely related not only to
human health but also to food quality, since these compounds
are greatly related to organoleptic properties and biological
activity.This special issue addressed novel research regarding
the importance of polyphenols for food quality from dif-
ferent point of view from their biological activity and their
importance in nutrition to their role in the quality and the
organoleptic properties of food.

Among the submitted works, five papers have been
selected to be part of this special issue. The paper authored
by Y. Zhao et al. is focused on the potential use of some
polyphenols as food preservatives. These authors have car-
ried out comparative studies on the effects of several food
preservatives (among them, tea catechin) on bacteria growth.
The aim of this work was to assess these products for
use as antimicrobial agents in food preservation avoiding
the bacteria proliferation (Staphylococcus aureus) and the
secretion of enterotoxins that have been associated with
food poisoning. The results obtained in this study indicated
that tea catechin not only suppressed S. aureus growth but
also inhibited Staphylococcal Enterotoxin I production and

secretion. This work reported that the natural preservatives
exert higher antibacterial activity than the chemical ones,
such as sodium nitrite, polylysine, or chitosan, and that tea
catechin was the most efficient among food preservatives
assayed for keeping the food from the contamination with
enterotoxins. These investigations would be useful for food
industry to provide safer food products due to S. aureus
enterotoxins-related control strategy.

J. O. Jiménez-Zurita et al. have carried out studies on the
effect of different postharvest cold storage on the phenolic
composition and physicochemical and biochemical prop-
erties of soursop fruit. These studies were mainly focused
on the fruit weight and firmness changes and on their
composition and enzymatic activity depending on the storage
employed during postharvest maturation of soursop fruit.
The reported results pointed out that the concentrations of
phenolic compounds decreased by the end of the ripening.
The highest levels of phenolic compoundswere reachedwhen
fruits were stored at 22∘C. However, storage at 15∘C did not
affect the biochemical processes related to ripening. Indeed,
the occurrence of chilling injury in fruits was avoided. Hence,
the shelf life of the fruit increases conserving the organoleptic
properties of ripened fruit.
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With regard to the biological activity of food polyphenols,
F. Gai et al. have studied the changes in the total polyphenolics
and antioxidative capacity of the perilla (Perilla frutescens
L.) plant, during the growth cycle. This plant, which has
traditionally been used as a source of human and animal
food mostly in some Asian countries, such as Korea, Japan,
and China, has been reported to be rich in fat and good
quality proteins. Moreover, in this paper, authors reported
the phenolic composition of this plant at five different growth
stages and they correlated it with the antioxidant activity.The
phenolic compound profilewas characterized by the presence
of three major compounds, with rosmarinic acid being the
most abundant one. Moreover, the phenolic contents and the
antioxidant activity were significantly different according to
the growth stage. These data may be useful in determining
the optimal harvest time at which phenolic compounds reach
theirmaximumcontent, which, in turn, are related to a higher
antioxidant activity. The results obtained allowed the authors
to point out that perilla may constitute a new functional food
and could be an important dietary source for the prevention
of diseases caused by oxidative stress.

This special issue also includes the study performed by I.
Jerez-Martel et al. in which the phenolic composition and the
antioxidant activity of crude extracts from both microalgae
and cyanobacteria strains have been studied. The seaweed
extracts have been proposed as additives for food enrich-
ment due to their preservative properties and/or nutritional
benefits. Thus, different extracts of several microalgae and
cyanobacteria were studied for their antioxidant activity and
phenolic contents. The results obtained by these authors
highlight the effectiveness of microalgae and cyanobacteria
extracts as scavengers of free radicals and that this activity
might be related to the phenolics compounds that were
detected. In particular, high contents of phenolic compounds
such as gallic acid, protocatechuic acid, (+) catechin, chloro-
genic acid, and (−) epicatechin were found in the extract that
showed the highest antioxidant capacity (which was obtained
frommicroalgaeEuglena cantabrica).These findings could be
relevant in order to consider the microalgae and cyanobac-
teria extracts to be used to different industrial applications
during food processing.

The study carried out by E. M. Tanvir et al. is focused on
the antioxidant properties of different varieties of turmeric
(Curcuma longa) from Bangladesh. Turmeric is a golden
spice derived from Curcuma longa plant, which has been
traditionally used not only as principal ingredient of some
Bangladesh and India dishes but also in folk medicines
against various ailments and infectious diseases. The results
reported strongly suggest that the turmeric varieties from
Bangladesh, in particular “mura” turmeric variety from
Chittagong, are promising sources of natural antioxidants,
which can be related to their high contents on polyphenols,
flavonoids, tannins, and ascorbic acid. Moreover this work
reported that the extraction of antioxidant compounds is
more effective by using ethanol.Hence, this study suggests the
importance of the turmeric varieties investigated as sources of
natural antioxidants.

We are pleased to present this special issue, which
includes five papers that provide new insight into the inter-
esting field of the relationship between polyphenols and food
quality and we sincerely hope that the readers will find this
special issue interesting and informative.
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We investigated the aqueous and ethanolic extracts of different forms (local names:mura and chora) of turmeric (Curcuma longa)
from the Khulna and Chittagong divisions of Bangladesh for their antioxidant properties and polyphenol, flavonoid, tannin, and
ascorbic acid contents. The antioxidant activity was determined using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical-
scavenging activity and ferric reducing antioxidant power (FRAP) values. The ethanolic extract of Chittagong’s mura contained
the highest concentrations of polyphenols (16.07%), flavonoids (9.66%), and ascorbic acid (0.09mg/100 g) and chora resulted in
high yields (17.39%). The ethanolic extract of Khulna’s mura showed a higher DPPH radical-scavenging activity with the lowest
50% inhibitory concentration (IC50) (1.08𝜇g/mL), while Khulna’s chora had the highest FRAP value (4204.46 ± 74.48 𝜇M Fe [II]
per 100 g). Overall, the ethanolic extract had higher antioxidant properties than those in the aqueous extract. However, the tannin
concentrationwas lower in the ethanolic extract.We conclude that the turmeric varieties investigated in this study are useful sources
of natural antioxidants, which confer significant protection against free radical damage.

1. Introduction

Thecomplex biochemical reactions of the body and increased
exposure to environmental toxicants and dietary xenobiotics
result in the generation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), leading to oxidative stress
under different pathophysiological conditions [1]. Antioxi-
dants prevent oxidative damage through one-electron reac-
tions with free radicals [superoxide radicals (O2

∙−), hydroxyl
radicals (OH∙), singlet oxygen (O∙), and hydrogen peroxide
(H2O2)] that adversely alter cellular lipids, protein, DNA,
and polysaccharides [1, 2]. Therefore, a balance between
free radical and antioxidant concentrations is necessary to
maintain proper physiological functions [2].

Many people consume antioxidants as a defense against
oxidative stress. Antioxidants in the form of commercial
food additives have been manufactured synthetically and
may contain high amounts of preservatives [3]. Some syn-
thetic antioxidants, such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), and tertiary butyl hydro-
quinone (TBHQ), have been reported to produce toxins or act
as carcinogens [2, 4]. Therefore, identifying potential natural
antioxidant sources can be a useful alternative to ensure
sound health [5]. Food is the source of essential nutrients for
growth and maintenance, but other bioactive compounds of
plant origin promote health by slowing the aging process and
preventing disease [6]. As a result, antioxidant constituents
in plant material have piqued the interest of scientists, food
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manufacturers, cultivators, and consumers for their roles in
the maintenance of human health [3].

Turmeric is a golden spice derived from the rhizome of
the Curcuma longa plant, which belongs to the Zingiberaceae
family [7]. Since ancient times, turmeric has been used as the
principal ingredient of dishes originating from Bangladesh
and India for its color, flavor, and taste. It is also used in social
and religious ceremonies in Ayurvedic and folk medicines
against various ailments, including gastric, hepatic, gyneco-
logical, and infectious diseases [7, 8].

Dry turmeric contains 69.43% carbohydrates, 6.3% pro-
teins, 5.1% oils, 3.5% minerals, and other elements [9].
The bioactive chemical constituents in turmeric have been
extensively investigated. To date, approximately 235 com-
pounds, primarily phenolics and terpenoids, have been iden-
tified from various species of turmeric, including twenty-
two diarylheptanoids and diarylpentanoids, eight phenyl-
propenes as well as other phenolics, sixty-eight monoter-
penes, 109 sesquiterpenes, five diterpenes, three triter-
penoids, four sterols, two alkaloids, and fourteen other com-
pounds [10]. Curcuminoids (mostly curcumin) and essential
oils (primarily monoterpenes) are the major bioactive con-
stituents showing different bioactivities. Calebin-A, vanillic
acid, vanillin, quercetin, and other phenolic compounds have
also previously been identified from turmeric [7, 11].

The herbaceous perennial is extensively cultivated in
the tropical areas of South Asia, including Bangladesh,
India, and China, while India is the primary exporter of
turmeric [7]. To meet increased demands in both national
and international markets, Bangladesh has developed many
promising and sustainable spice companies including Square,
BD foods, Archu, Pran, ACI, and Dekko, maximizing its
conducive geographical location for turmeric cultivation,
especially in hilly areas of the greater Chittagong division.
The turmeric yield was 5.16 metric tons per hectare in the
2007-2008 production period and increased daily due to the
development and dissemination of improved varieties [8].
Popular turmeric rhizome shapes include oblong with short
branches, which is locally named “chora,” as well as ovate,
which is locally named “mura” (Figure 1). However, in the
Khulna district, these local turmeric varieties are popularly
known as “kopil moni chora” and “kopil moni mura.”

The medicinal values and antioxidant properties of some
turmeric varieties have already been reported [6, 12]. How-
ever, there are little knowledge and scientific data on the
antioxidant compositions and activities of turmeric produced
in Bangladesh. Thus, the present study aimed to investigate
the antioxidant properties of turmeric varieties from Kha-
grachari and Khulna districts, Bangladesh, using different
solvent extraction methods.

2. Materials and Methods

2.1. Chemicals and Reagents. Gallic acid, catechin, 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH), and 2,4,6-tris(2-
pyridyl)-1,3,5-triazine (TPTZ) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). L-ascorbic acid, tannic acid,
Folin-Ciocalteu’s phenol reagent, and ferrous sulfate hep-
tahydrate (FeSO4 7H2O) were purchased from Merck Co.

(Darmstadt, Germany). All of the chemicals and reagents
used in this study were of analytical grade.

2.2. Turmeric Collection. Two different turmeric varieties
(“mura” and “chora”) were collected from the Khulna district
of Khulna division and theKhagrachari district of Chittagong
division in Bangladesh in July 2013. Following collection,
the turmeric samples were packed into sterile polybags
before transportation to the Laboratory of Preventive and
Integrative Biomedicine in the Biochemistry and Molecular
BiologyDepartment, JahangirnagarUniversity, Savar, Dhaka,
Bangladesh.

2.3. Extract Preparation and Yield Determination. Turmeric
samples were cleaned and air-dried in the shade for two
days before being ground to a fine powder in a blender
(CM/L7360065, Jaipan, Mumbai, India). The fine powder
was used to prepare both ethanolic and aqueous extracts
based on Kang’s method [13] with slight modification. Briefly,
20% ethanolic extract was prepared by adding turmeric
powder (20 g) in 70% ethanol solution to make a 100mL
solution. Similarly, for 20% aqueous extract preparation, 20 g
of turmeric powder was dissolved in water to make a 100mL
solution. Both ethanol and aqueous extract solutions were
placed in the dark to avoid reactions that may occur in the
presence of light and were shaken in a shaker for 72 h at
room temperature. Then, the solutions were filtered through
Whatman No. 1 filter paper and concentrated in a rotary
evaporator (Buchi, Tokyo, Japan) under reduced pressure
(100 psi) at 40∘C (for ethanol) and 55∘C (for water). The
dried extracts were collected and preserved at −20∘C for
subsequent analysis. The percentage of yield of the extracts
was determined according to the following formula: %
yield = [weight of sample extract/initial weight of sample]
× 100. Eight different turmeric extracts were prepared for
antioxidant analysis (Table 1).

2.4. Phytochemical Analysis

2.4.1. Estimation of Total Polyphenol Content. The total poly-
phenol content (TPC) of the turmeric extracts was estimated
spectrometrically according to the Folin-Ciocalteu method
[14] and adopted by Afroz et al. [15]. Briefly, 0.4mL of
the extract (0.25mg/mL) was mixed with 1.6mL of 7.5%
sodium carbonate solution. Then, 2mL of 10-fold diluted
Folin-Ciocalteu reagent was added, and the final reaction
mixture was incubated for 1 h in the dark.The intensity of the
blue-colored complex was measured at 765 nm using a PD-
303S spectrophotometer (APEL, Japan).The total polyphenol
content present was determined as gallic acid equivalent
(GAE) (6.25, 12.50, 25.00, 50.00, 100.00, and 200.00 𝜇g/mL,
𝑟2 = 0.9970) andwas expressed as g of GAE/100 g of turmeric.

2.4.2. Estimation of the Total Flavonoid Content. The total
flavonoid content (TFC) was estimated using an aluminum
chloride colorimetric assay [16]. First, 1mL of the extract
(1mg/mL) was mixed with 0.3mL of 5% sodium nitrite and
added to the reaction mixture. After approximately 5min,
0.3mL of 10% aluminum chloride was added. Subsequently,



Journal of Food Quality 3

(a) (b)

(c) (d)

Figure 1: Turmeric varieties: (a) Kopil moni mura, (b) Kopil moni chora, (c) Chittagong mura, and (d) Chittagong chora.

Table 1: Details of the eight turmeric extracts collected from Khulna and Chittagong districts.

Variety name Extraction solvent Collection division Code name Scientific name
Mura Water Khulna KMW Curcuma longa
Mura Ethanol Khulna KME Curcuma longa
Chora Water Khulna KCW Curcuma longa
Chora Ethanol Khulna KCE Curcuma longa
Mura Water Chittagong CMW Curcuma longa
Mura Ethanol Chittagong CME Curcuma longa
Chora Water Chittagong CCW Curcuma longa
Chora Ethanol Chittagong CCE Curcuma longa

after 6min, another 2mL of 1M sodium hydroxide (NaOH)
was added, followed by the immediate addition of 2.4mL of
distilled water to produce a total volume of 10mL. The color
intensity of the flavonoid-aluminum complex was measured
at 510 nm.The total flavonoid contentwas determined as cate-
chin equivalent (CE) (6.25–200.00𝜇g/mL) andwas expressed
as g of CE/100 g of turmeric.

2.4.3. Estimation of the Total Tannin Content. The total
tannin content (TTC) in the turmeric extracts was estimated
using the Folin-Ciocalteumethod [15, 17]with tannic acid as a
standard. Briefly, 0.1mL of the solution containing 1mg of the
extract was mixed with 7.5mL of distilled water, and 0.5mL

of Folin-Ciocalteu reagent was added. To the above mixture,
1mL of 35% sodium carbonate and 0.9mL of distilled water
were added. The solution was mixed and then incubated for
30min. The intensity of the developed blue-colored complex
was measured at 725 nm. The results were expressed as g of
tannic acid equivalent (TE) per 100 g of turmeric.

2.4.4. Determination of the Ascorbic Acid Content. The ascor-
bic acid content (AAC) in the turmeric samples was esti-
mated as described by Omaye et al. [18] with slight modi-
fications. Briefly, 1mL of extract (500mg/mL) was mixed
with 1mL of a 5% trichloroacetic acid (TCA) solution, fol-
lowed by centrifugation for 15min at 3500 rpm.Then, 0.5mL
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of the supernatant was mixed with 0.1mL of DTC (2,4-
dinitrophenylhydrazine/thiourea/copper) solution and incu-
bated for 3 h at 37∘C. To the mixture, 0.75mL of ice-cold 65%
sulfuric acid (H2SO4) was added. The solution was allowed
to stand for an additional 30min at room temperature. The
developed colored complex was monitored at 520 nm. The
ascorbic acid concentration was determined as ascorbate
equivalent (AE) and expressed as mg of AE per 100 g of
turmeric.

2.5. Antioxidant Activity. The antioxidant activity of the
turmeric samples was determined using the DPPH radical-
scavenging activity and FRAP values.

2.5.1. DPPH Free Radical-Scavenging Activity. The antioxi-
dant activities of all turmeric extracts were evaluated accord-
ing to the DPPH radical-scavenging activity as described by
Braca et al. [19]. Briefly, 1mL of the extract was mixed with
1.2mL of 0.003% DPPH in methanol at varying concentra-
tions (2.5–80.0 𝜇g/mL). The percentage of DPPH inhibition
was calculated using the following equation:

% of DPPH inhibition = [(𝐴DPPH − 𝐴𝑆𝐴DPPH )] × 100, (1)

where 𝐴DPPH is the absorbance of DPPH in the absence of a
sample and 𝐴𝑆 is the absorbance of DPPH in the presence of
either a sample or the standard.

DPPH scavenging activity is expressed as the concen-
tration of a sample required to decrease DPPH absorbance
by 50% (IC50). This value can be graphically determined
by plotting the absorbance (the percentage of inhibition of
DPPH radicals) against the log concentration of DPPH and
determining the slope of the nonlinear regression.

2.5.2. Ferric Reducing Antioxidant Power (FRAP) Assay. The
FRAP assay was performed as described by Benzie and Strain
[20]. The reduction of a ferric tripyridyltriazine complex
into its ferrous form produces an intense blue color at low
pH that can be monitored by measuring the absorbance at
593 nm. Briefly, 200𝜇L of the extract solution at different
concentrations (62.5–1000.0 𝜇g/mL) was mixed with 1.5mL
of the FRAP reagent, and the reaction mixture was incubated
at 37∘C for 4min.The FRAP reagent was prepared by mixing
10 volumes of 300mM acetate buffer (pH 3.6) with 1 volume
of 10mM TPTZ solution in 40mM hydrochloric acid and 1
volume of 20mM ferric chloride (FeCl3⋅6H2O). The FRAP
reagent was prewarmed to 37∘C and was always freshly
prepared. A standard curve was plotted using an aqueous
solution of ferrous sulfate (FeSO4⋅7H2O) (100–1000 𝜇mol),
with FRAP values expressed as micromoles of ferrous equiv-
alent (𝜇M Fe [II] per 100 g of sample).

2.6. Statistical Analysis. All analyses were performed in
triplicate, and the data are reported as the mean ± standard
deviation (SD). Data were analyzed using SPSS (Statistical
Packages for Social Science, version 16.0, IBM Corporation,
NY, USA) and Microsoft Excel 2007 (Redmond, WA, USA).
Statistical analyses of the biochemical data were conducted
using Tukey’s test. 𝑃 < 0.05was considered statistically signi-
ficant.

3. Results and Discussion

This study is the first to report the antioxidant properties
of some popular turmeric varieties from Bangladesh. The
antioxidant properties and extraction yield depend on both
the extractionmethod and the type of solvent used during the
extraction.Thevarious antioxidant compoundswith different
chemical characteristics and polarities of plant materials are
soluble in different solvents. Ethanol is an organic polar
solvent suitable for the extraction of phenolic compounds and
is safe for human consumption [21]. On the other hand, polar
inorganic solvent water is usually used for the extraction of
various bioactive phytochemicals [12, 21]. Our experiments
indicate that the highest yield of antioxidant compounds can
be obtained from the ethanolic extract of turmeric varieties
(both mura and chora) collected from Chittagong division,
while the aqueous extract of chora fromKhulna division gave
the lowest yield (7.43%) (Table 2).

3.1. Polyphenol Content. Plant phenolics are important con-
stituents that contribute to functional quality, color, and
flavor and have significant roles both as singlet oxygen
quenchers and free radical scavengers, helping to minimize
molecular damage [3]. The health benefits of phenolics are
primarily derived from their antioxidant potentials because
the radicals produced after hydrogen or electron donation
are resonance stabilized and thus relatively stable [6]. To
counter the potential hazards of oxidative damage, the dietary
consumption of antioxidant phenolics including phenolic
acids and flavonoids may be regarded as the first line
of defense against highly reactive toxicants [6]. Table 3
shows that turmeric varieties contain a significant amount
of polyphenols. The concentration of phenolics determined
in ethanolic extracts was significantly higher than the cor-
responding aqueous extracts (𝑃 < 0.05). This agrees with
the report of Qader et al. [12], who indicated that a higher
TPC in ethanolic extracts is present compared to that in
aqueous extracts. The TPC in turmeric ranged from 4.52%
to 7.68% in aqueous extracts and from 6.15% to 16.07% in
ethanolic extracts, respectively. Among the four ethanolic
extracts of the turmeric varieties (mura and chora) of Khulna
and Chittagong divisions, the highest TPC was measured
in Chittagong’s mura (16.07%) and the lowest in Khulna’s
mura (6.15%). Similarly, the aqueous extract of Khulna’smura
had the lowest TPC, while the highest concentration (7.68%)
was found in Chittagong’s chora. Similarly, Qader et al. [12]
reported that the TPC in the ethanolic and aqueous extracts
of Curcuma xanthorrhiza was 2.43% and 8.80%, respectively.
On the other hand, turmeric extract from West Bengal of
India was reported to contain a TPC of only 1.3% [6]. In
addition, Moure et al. [22] demonstrated that higher polarity
of solvent tend to yield greater amounts of polyphenolics.
Therefore, the significant differences in TPC observed in this
study may be attributed to the solvents of the extracts.

3.2. Flavonoid Content. Flavonoids are the plant pigments
responsible for plant colors and exert their health-promoting
activities through their high pharmacological potentials as
radical scavengers [23].The TFC of turmeric varieties ranged
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Table 2: The yield of different extracts.

Parameters KMW KME KCW KCE CMW CME CCW CCE
Initial weight (g) 121.19 121.19 108.2 108.2 68.035 68.035 122.4 122.4
Yield (g) 10.09 15.02 8.05 14.77 7.23 11.83 9.19 21.95
Yield (%) 8.36 12.39 7.43 13.65 10.63 17.39 7.51 17.93
Data are expressed as the mean.

Table 3: Concentrations of total polyphenols, flavonoids, tannins, and ascorbic acid of the turmeric varieties (mura and chora) collected
from Khulna and Chittagong divisions.

Turmeric extracts
Phytochemicals

Polyphenols
(g GAE/100 g of sample)

Flavonoids
(g CE/100 g of sample)

Tannin
(g TE/100 g of sample)

Ascorbic acid
(mg AE/100 g of sample)

KMW 4.52 ± 0.250a 0.43 ± 0.015a 0.87 ± 0.092a 0.04 ± 0.001a,b
KME 6.15 ± 0.255b 4.28 ± 0.340b 7.74 ± 0.125b 0.06 ± 0.004b,c
KCW 5.53 ± 0.016c 0.67 ± 0.055a 20.31 ± 0.057c 0.06 ± 0.001a,b,c
KCE 13.16 ± 0.324d 4.79 ± 0.196c 8.93 ± 0.338d 0.11 ± 0.00d,e
CMW 5.42 ± 0.054c 0.48 ± 0.003a 16.38 ± 0.075e 0.04 ± 0.001a,b,c
CME 16.07 ± 0.301e 9.66 ± 0.042d 11.78 ± 0.211f 0.09 ± 0.026c,d
CCW 7.68 ± 0.071f 0.29 ± 0.007a 28.33 ± 0.255g 0.03 ± 0.002a
CCE 8.97 ± 0.146g 5.46 ± 0.291e 7.15 ± 0.113h 0.06 ± 0.002c
Data are expressed as the mean ± SD. Different letters (a, b, c, d, e, f, g, and h) in each column indicate a significant difference (𝑃 < 0.05).

between 0.29% and 0.67% in aqueous extract but was higher
(between 4.28% and 9.66%) in ethanolic extracts (Table 3).
The highest TFC was measured in the ethanolic extract from
Chittagong’s mura (approximately 9.66%), corresponding to
its high TPC, while the lowest TFC was found in the aqueous
extract from Chittagong’s chora (nearly 0.29%).

Turmeric from Malaysia (Curcuma longa) has been
reported to contain 0.094mg/g of TFC of dry sample [24],
while Sumazian et al. [25] reported the presence of 4.05mg/g
of TFC of dry sample of Curcuma domestica. Similarly, Tilak
et al. [26] reported a TFC of turmeric from India ranging
from 3.58 to 7.86mg/g of turmeric. Polyphenols including
flavonoids are extensively investigated in turmeric for their
wide range of pharmacological activities [27]. Flavonoids are
the antioxidants that can prevent or delay the oxidation of
substrates even when it is present in low concentrations, so
as to prevent oxidation by the prooxidants (ROS and RNS).
These nonenzymatic antioxidants (phenolics and flavonoids)
react with the prooxidants leading to inactivation. In the
redox reaction, the antioxidants act as reductants and serve
as the first-line defense to suppress the formation of free
radicals [26]. According to previous reports, turmeric is a
good source of natural flavonoids, which have been shown
to have antioxidant activity, free radical-scavenging capacity,
coronary heart disease preventive activities, and anticancer
activities [28].

3.3. Tannin Content. Tannins are other important water-
soluble plant secondary metabolites that have been reported
to have astringent, antioxidant, and antimicrobial activities
[3, 29]. An analysis of TTC indicated that the studied
turmeric varieties are very good sources of tannins (Table 3).
Generally, the chora variety of both Khulna and Chittagong

divisions contained a higher TTC than that of the mura vari-
ety. Among the four ethanolic extracts, Khulna’s chora had a
significantly higher TTC than did the mura variety, whereas
Chittagong’s chora had a lower TTC compared to that of
the mura variety. The TTC in the studied turmeric varieties
differed significantly, reflecting the effects of geographical
variation between Chittagong and Khulna divisions.

3.4. Ascorbic Acid Content. Ascorbic acid is a strong antioxi-
dant that directly interacts with a broad spectrum of harmful
ROS, terminates the chain reaction initiated by free radicals
via electron transfer, and is involved in the regeneration
of other antioxidants, such as tocopherol, to their func-
tional state [30]. The content of this powerful antioxidant
in turmeric ranged from 0.03 to 0.11mg/100 g of turmeric.
Khulna’s chora contained the highest amount of ascorbic
acid, and the aqueous extract from Chittagong’s chora
contained the lowest amount (Table 3). Free radicals have
been implicated in the aetiology of several human ailments.
Antioxidant activities of several therapeutic compounds like
ascorbic acids possess significant properties which could
ameliorate the effects seen [31]. Turmeric and its constituents
have been credited to have many therapeutic benefits where
antioxidants are believed to play the major therapeutic role
related to the beneficial effects [26].

3.5. Antioxidant Activity

3.5.1. DPPH Free Radical-Scavenging Activity. DPPH free
radical-scavenging activity of the aqueous and ethanolic
extracts of the turmeric varieties was investigated to deter-
mine their antioxidant properties.The findings are expressed
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Table 4: FRAP and IC50 of DPPH values of turmeric varieties (mura and chora) collected from the Khulna and Chittagong divisions.

Parameters KMW KME KCW KCE CMW CME CCW CCE
DPPH
radical-scavenging
activity, IC50
(𝜇g/mL)

5.31 1.08 12.51 3.03 13.42 1.97 16.55 1.19

FRAP (𝜇M Fe [II]
per 100 g of sample)

646.67 ±
2.48a

3475.36 ±
173.10b 1015.52 ± 3.11a 4204.46 ±

74.48c
681.18 ±
24.20a

3231.89 ±
337.10b 976.61 ± 2.48a 1972.66 ±

104.78d

FRAP data are expressed as the mean ± SD. IC50: inhibitory concentration 50%. Different letters (a, b, c, and d) in each row indicate a significant difference
(𝑃 < 0.05).

as percentage of inhibition against concentration in Figure 1,
and IC50 values are presented in Table 4. According to the
derived IC50 values, the ethanolic extracts exhibited higher
scavenging activities than did the corresponding aqueous
extracts, indicating the influence of solvent on the measure-
ment of antioxidant properties. Our findings agree with the
previous reports of Qader and coworkers [12]. Based on
the DPPH radical-scavenging activity, the mura variety has
greater activity than the chora variety of Khulna division,
whereas the chora variety from Chittagong had slightly
lower IC50 values (1.19 𝜇g/mL) than did the mura variety
(1.97 𝜇g/mL) from the same division.

The antioxidant activities of aqueous extracts of turmeric
support the activity shown by the corresponding ethanolic
extracts. The obtained results indicate that the free radical-
scavenging activity may be attributed to the high contents
of phenolics and flavonoids with a higher reducing capacity.
Denre [6] reported similar IC50 values of turmeric fromWest
Bengal, India (5.99mg/mL), while turmeric from Indonesia
had higher IC50 values (8.33 𝜇g/mL) compared with those of
curcumin (7.85mg/mL) in the same study [32].

3.5.2. FRAP. FRAP assay treats the antioxidants in the
sample as reductants in a redox reaction and measures the
reducing potential of the test sample [33]. The antioxidants
exert their activities by donating electron or hydrogen atoms
to the ferric complex which converts to ferrous complex
(Fe3+ to Fe2+-TPTZ complex), thus breaking the radical chain
reaction [20, 33]. The FRAP values of aqueous and ethano-
lic extracts of turmeric ranged from 646.67 to 1015.52 𝜇M
Fe [II]/100 g of sample and from 1972.66 to 4204.46 𝜇M
Fe [II]/100 g of sample, respectively (Table 4). A higher
FRAP value indicates more robust antioxidant properties of
the turmeric samples from Bangladesh. Considering both
the FRAP value and the IC50 value from DPPH radical-
scavenging assays, our analysis indicated that the mura
variety is superior to the chora variety. Overall, Khulna’s
chora had the highest FRAP value with a slightly lower
percent of DPPH inhibition (Figure 2).

Lipid peroxidation is believed to be the primary mecha-
nism involved in many major diseases such as liver problem,
myocardial infarction, diabetes, and cancer, causing major
cell damage [26]. Curcuminoids and other polyphenols in
turmeric can ameliorate lipoprotein oxidation, prevent lipid
peroxidation, and stabilize the cell membrane, suggesting its
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Figure 2: Percentage of DPPH inhibition for different turmeric
extracts at different concentrations.

important role in prevention of atherosclerosis [34]. Further-
more, the inhibitory action of turmeric polyphenols (cur-
cuminoids) on lipid accumulation, oxidation, nitric oxide as
well as the formation of inflammatory molecules, nuclear
factor-kappa B- (NF-kB-) dependent gene expression, and its
activation can influence the therapeutic effects of turmeric
in the pathogenesis of hepatic, pancreatic, intestinal diseases,
and cancer as well as in tobacco smoke-induced injury [34].

The ethanolic extract of turmeric can produce remarkable
symptomatic relief on external cancerous lesions in human
[35]. In addition, turmeric (curcumin) has potential in
the prevention and treatment of neurodegenerative diseases
as a free radical scavenger, including Alzheimer’s disease
[34, 36]. Moreover, short-term supplementation of turmeric
has been reported to decrease proteinuria, hematuria, and
systolic blood pressure in patients with relapsed or refractory
lupus nephritis and can be used as a safe adjuvant therapy
for the patients [37]. Overall, our study indicates that the
high antioxidant properties of turmeric from Bangladesh
may inhibit cellular lipid peroxidation and ameliorate other
oxidative damage caused by free radicals [32].

We hope that the findings from this research will encour-
age the design of appropriate studies to identify potent
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flavonoids in dietary food supplements. Further study is
warranted to identify the individual bioactive compounds in
turmeric underlying this high antioxidant activity.

4. Conclusion

Our findings strongly suggest that the turmeric varieties
from Bangladesh are promising sources of natural antiox-
idants, as indicated by their high contents of polyphenols,
flavonoids, tannins, and ascorbic acid and by their consid-
erable DPPH free radical-scavenging activities and FRAP
values.The extraction yields investigated in both aqueous and
ethanol extracts of the turmeric varieties suggest that higher
antioxidant compounds could be obtained with ethanol.
Chittagong’s mura contains the highest TPC, TFC, and
ascorbic acid content with considerable DPPH free radical-
scavenging activity and a high FRAP value.
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Changes in the total polyphenolics and antioxidative capacity of the perilla (Perilla frutescens L.) plant, during the growth cycle, have
been analyzed in this study.These parameters were evaluated at five morphological stages.The extracts characterized by the highest
total phenolic compound content were obtained at the full flowering stage. The phenolic compound profile was characterized by
the presence of three major compounds, with rosmarinic acid being the most abundant. Moreover, their contents were significantly
different according to the growth stage. High Trolox equivalent antioxidant capacity values were found for the last two growth
stages. The lowest ferric-reducing antioxidant power value was observed for the medium vegetative stage. The highest antiradical
activity against DPPH∙ was observed for extracts obtained from the early vegetative stage. The antioxidant activity changes during
the growth cycle, and this change may be useful to determine the optimal harvest time.

1. Introduction

Perilla (Perilla frutescens L.), which belongs to the Lamiaceae
family, is a native plant to Asian countries, such as Korea,
Japan, and China, and it has traditionally been used as a
source of human and animal food [1] that is rich in fat [2–4]
and good quality protein [5]. Consumption of perilla seeds or
oil in humans has been reported without any adverse effects
[6]. The positive effect of perilla seeds fed in term on the
fatty acids composition in the muscle and lipid tissue was
reported for pig [7] and in rabbits [8]. Perilla seeds are a
rich source of 𝛼-linolenic acid (approx. 60%), as well as phe-
nolic compounds (flavones, cyanidins, and phenolic acids),
sterols, and terpenoids [9, 10]. Bioactive compounds of per-
illa exhibit antiseptic, antimicrobial, anticarcinogenic, anti-
inflammatory, antipyretic, and immunomodulatory prop-
erties [11–20]. Moreover, perilla leaf extracts have shown
antimutagenic, antiproliferative, and antioxidative activities,
as well as neuroprotective effects [21–26]. However, few
studies have focused on the isolation, characterization, and

identification of perilla phenolic antioxidants [27, 28] which
are known to be able to protect human organism against
free radicals and reactive oxygen species and can retard the
progress of many chronic diseases as well as lipid autoxi-
dation in foods [29–31]. Chou et al. [32] examined water
extracts from different anatomical parts of Perilla frutescens
in order to establish their antioxidant activities and phenolic
compounds and found that stem extracts had the highest
DPPH free radical activity and the highest superoxide anion
radical scavenging activity. The content of total flavonoids
and phenolics of the stem extracts were found to be higher
than those of other plant extracts. Peiretti [33] determined
the proximate chemical composition, fatty acid composition,
and gross energy content of perilla plants during the growth
cycle. However, no study has been carried out so far regarding
the antioxidant activities of the aerial part of perilla harvested
at different growth stages. The aim of this study was to
determine the phenolic compounds and antioxidant potential
of perilla extracts during the growth cycle.
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Table 1: Total phenolic contents of the perilla extract and fresh matter (FM) at different growth stages.

Growth stage Plant height Yield of extraction Total phenolics
(cm) (%) (mg catechin eq./g extract) (mg catechin eq./g FM)

Early vegetative 15 3.09 100.0 ± 11.1a 3.09 ± 0.34ab

Medium vegetative 30 2.52 54.3 ± 5.9b 1.37 ± 0.15c

Late vegetative 40 2.20 61.4 ± 7.8b 1.35 ± 0.17c

Early flowering 60 2.31 118.2 ± 12.0a 2.73 ± 0.27b

Full flowering 70 3.26 123.2 ± 12.7a 4.02 ± 0.42a

Means with the same letter are not significantly different (𝑃 < 0.05).

2. Materials and Methods

2.1. Plant Material and Environmental Conditions. The bio-
logical experiment was conducted in the Western Po Valley
near Cuneo, North West Italy (longitude 7∘E, latitude 44∘N).
Perilla seeds, purchased from the Manitoba Seed Expert of
Manitoba Inc. (Winnipeg, Canada), were sown in May. No
irrigations or fertilisers were applied after sowing. Herbage
samples were collected from June to July, using edging shears
(0.1m cutting width), from the early vegetative (plant height
15 cm) to the full flowering stage (plant height 70 cm), from
randomly located 2m2 subplots in 3 × 8m2 plots, with three
replicates cut to a 1 to 2 cm stubble height. Fresh samples of
the whole plants were immediately frozen, using a laboratory
lyophilizer (5 Pascal, Trezzano sul Naviglio, Italy), and were
then freeze-dried and ground to pass a 1mm screen.

2.2. Chemicals. Sodium persulfate, ferrous chloride, the
Folin-Ciocalteu phenol reagent, 2,2-azinobis-(3-ethylben-
zothiazoline-6-sulfonic acid) (ABTS), 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ),
6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic acid
(Trolox), (+)-catechin, rosmarinic acid, and apigenin were
purchased from Sigma (Poznań, Poland). Acetonitrile,
trifluoroacetic acid, and methanol were obtained from the
P.O.Ch. Company (Gliwice, Poland).

2.3. Extraction. The phenolic compounds were then extract-
ed from ground plants using 80% (v/v) methanol, as de-
scribed by Amarowicz and Raab [34]; methanol was evap-
orated in a rotary evaporator (Büchi Labortechnik AG,
Flawil, Switzerland) and the remaining aqueous solution was
lyophilized.

2.4. Determination of the Total Phenolic Content. The TPC of
the extracts was determined using Folin-Ciocalteu’s phenol
reagent [35]. The results were expressed as mg catechin
equivalent per g extract or plant fresh matter (FM).

2.5. Trolox Equivalent Antioxidant Capacity. The Trolox
equivalent antioxidant capacity (TEAC) was determined
using the Re et al. [36] method. The results were expressed
as 𝜇mol Trolox equivalent per g extract or plant FM.

2.6. Ferric-Reducing Antioxidant Power. The ferric-reducing
antioxidant power (FRAP) assay was performed, as described

by Benzie and Strain [37]. The FRAP value was expressed as
𝜇mol Fe2+ equivalent per g extract, or plant FM, using the
Fe2+ calibration curve.

2.7. Scavenging of the DPPH Radical. The antiradical activity
of the extracts against DPPH radical was determined as
described in Amarowicz et al. [38].

2.8. HPLC Analysis. The phenolic compounds present in
the extract were analyzed using a Shimadzu HPLC system
(Shimadzu Corp., Kyoto, Japan), consisting of two LC-10AD
pumps, an SCTL 10A system controller and an SPD-M 10A
photodiode array detector, and a prepacked LunaC18 column
(4 × 250mm, 5𝜇m; Phenomenex, Torrance, CA, USA).
Elution was conducted at condition described by Peiretti et
al. [39].

2.9. Statistical Analysis. All the biological experiments and
chemical determinations were performed in triplicate. The
results are reported as mean value ± SD values. ANOVA and
Duncan’s test were performed at a 𝑃 < 0.05 level to evaluate
the significance of differences among mean values.

3. Results and Discussion

3.1. Total Phenolic Contents. The TPC of the perilla plant
extracts and of the fresh matter (FM) is reported in Table 1.
The extracts were characterized by a significant difference
between the stages (𝑃 < 0.05), with the highest TPC
contents being observed for the early vegetative and for the
early and full flowering stages (100, 118 and 123mg catechin
eq./g extract, resp.). Similar statistical differences were found
among the stages when TPC was expressed according to
the plant FM, with the lowest content being found for the
late vegetative stage (1.37mg catechin eq./g plant FM). The
TPC results obtained in the present research are consistent
with the values reported in the literature, even though
some differences have emerged which might be due to the
use of different phenolic compound standards or different
extraction methods.

Deng et al. [40] investigated Perilla frutescens leaves and
another 55 vegetables, and they determined the TPC in both
lipophilic and hydrophilic extracts.The perilla leaves showed
a TPC of 10.9 and 3.5mg gallic acid equivalent (GAE)/g in the
lipophilic and hydrophilic fractions, respectively, for a total
of 14.4mg GAE/g. Li et al. (2013) determined the TPC of
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Table 2: Individual phenolic compounds in the perilla extracts at different growth stages.

Growth stage Plant height (cm) Compounds (mg/g extract)
1∗ 2∗ 3 (rosmarinic acid)

Early vegetative 15 15.31 ± 1.65a 4.44 ± 0.42b 57.93 ± 3.05a

Medium vegetative 30 9.71 ± 1.27b 2.72 ± 0.27c 26.44 ± 2.06b

Late vegetative 40 12.87 ± 1.20ab 5.92 ± 0.71a 56.89 ± 2.79a

Early flowering 60 10.42 ± 0.53b 6.46 ± 0.58a 66.17 ± 4.90a

Full flowering 70 10.54 ± 0.94b 6.14 ± 0.72a 55.12 ± 5.09ab

∗Expressed as apigenin; means with different letters in the same column are significantly different (𝑃 < 0.05). Numbers of compounds are connected with
peak numbers in Figure 1.

Table 3: Individual phenolic compounds in the perilla fresh matter (FM) at different growth stages.

Growth stage Plant height (cm) Compounds (mg/g FM)
1∗ 2∗ 3 (rosmarinic acid)

Early vegetative 15 0.472 ± 0.051a 0.137 ± 0.013b 1.784 ± 0.094ab

Medium vegetative 30 0.246 ± 0.031c 0.069 ± 0.007c 0.671 ± 0.052d

Late vegetative 40 0.287 ± 0.017c 0.124 ± 0.015b 1.195 ± 0.059c

Early flowering 60 0.240 ± 0.013c 0.149 ± 0.013b 1.521 ± 0.113b

Full flowering 70 0.348 ± 0.030b 0.203 ± 0.024a 1.815 ± 0.170a

∗Expressed as apigenin; means with different letters in the same column are significantly different (𝑃 < 0.05). Numbers of compounds are connected with
peak numbers in Figure 1.
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Figure 1: HPLC chromatogram of the phenolic compounds present
in the perilla extract.

infusions from 223 medicinal plants, and among these they
found 12.9, 4.2, and 5.2mg GAE/g for the seed, stem, and
leaves of Perilla frutescens, respectively.

Saita et al. [41] determined the polyphenol concentration
of two varieties ofPerilla frutescens, var. crispa, and found that
the TPC values were 4.6mg/mL and 1.7mg/mL in red and
green perilla, respectively.

Hong et al. [27] evaluated the TPC levels of Perilla
frutescens leaves extracted by means of various solvents (70%
ethanol, water, or methanol) and under different fractiona-
tion conditions (𝑛-hexane, chloroform, ethyl acetate, and 𝑛-
butanol). A good TPC level, expressed as GAEs, was found in
the ethyl acetate fraction (227.38–373.92mg/g).

3.2. Individual Phenolic Compounds. The individual phenolic
compounds contained in the perilla extracts were separated

bymeans of HPLC, and the resulting chromatograms showed
the presence of three major peaks (1–3), with retention times
of 24.8, 26.3, and 29.5min (Figure 1).TheUV-DAD spectra of
compounds 1, 2, and 3 were characterized by maxima at 266
and 334 nm (1), 280 and 334 nm (2), and 330 nm (3) and were
very similar to the spectrum of apigenin and rosmarinic acid
(Figure 2).

The individual phenolic compounds, quantified bymeans
of HPLC analysis on the perilla plant extracts or FM, are
reported in Tables 2 and 3, respectively. The contents of the
individual phenolic compounds, in both the extract and the
plant, differed significantly according to the growth stage.

Compound 3 was identified, on the basis of the UV
spectrum and retention time of the standard, as rosmarinic
acid. The results revealed that this compound was the most
abundant phenolic constituent. Compound 3 contents in
the extract ranged from 26.4 to 66.2mg/g of extract, at the
medium vegetative and early flowering stages, respectively.
As far as the perilla FM data are concerned, the rosmarinic
acid content ranged from 0.67 to 1.82mg/g of plant FM at the
medium vegetative and full flowering stage, respectively.

In the perilla extracts (Table 2), individual phenolic
compounds 1 and 2, expressed as apigenin equivalents, ranged
from 9.7 to 15.3mg/g of extract and from 2.7 to 6.5mg/g of
extract, respectively. In the perilla FM (Table 3), compound 1
ranged from 0.24 to 0.47mg/g of plant FM, while compound
2 ranged from 0.07 to 0.20mg/g of plant FM.

Jun et al. [42] investigated the antioxidant activities of
various extracts from Perilla frutescens var. acuta leaves and,
on the basis of HPLC analysis, found that rosmarinic acid was
the most abundant phenolic acid in subfraction 3 of perilla
leaves.

Zhu et al. [43], bymeans of the supramolecular technique
and solvent extraction, identified, in Perilla frutescens leaf
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Figure 2: UV-DAD spectra of compounds 1–3 separated using HPLC.

extracts, phenolic acids (rosmarinic and caffeic acids) and
flavonoids (glucuronides of luteolin and apigenin, shisonin,
and malonylshisonin), and they found that rosmarinic acid
was the most abundant phenolic compound.

Kang and Lee [44] investigated changes in the phenolic
phytochemical contents in the leaves of Perilla frutescens, cv.
Bora, for eight different harvest times over a period of two
months.The profile was characterized by three phenolic acids
(caffeic acid, rosmarinic acid, and rosmarinic acid methyl
ester) and five anthocyanins methyl ester. These authors
observed significant differences between the individual and
total phytochemical contents, and the predominant con-
stituent was rosmarinic acid. As far as the different harvest
times are concerned, the lowest content was 39.0mg/g on
17th of August (phenolic acid: 32.6mg/g), while the highest
content was found on 21st of September, with 82.5mg/g
(phenolic acid: 65.7mg/g). They concluded that the optimal
harvest time at which the phenolic compounds reach a
maximum level was in mid-September.

Meng et al. [25] differentiated various Perilla frutescens
cultivars harvested in China and Japan, compared their
polyphenolic compounds, and quantified caffeic, coumaroyl
tartaric, and rosmarinic acids, anthocyanin, and flavonoid
contents.

Nakamura et al. [45] isolated large amounts of rosmarinic
acid from the leaves of Perilla frutescens, var. acuta f. viridis.
The antiradical activity of rosmarinic acid was found to be
significantly higher than that of vitamin C. These authors

concluded that the presence of an orthodihydroxyphenyl
group was most important for the scavenging effect.

Nakamura et al. [45] determined the apigenin, caffeic
acid, catechin, ferulic acid, luteolin, and rosmarinic acid
contents in the leaves and seeds of Perilla frutescens.

Tada et al. [46] isolated various antioxidants (flavones and
derivatives of rosmarinic acid, caffeic acid, and coumarin)
from the leaves and stems of Perilla frutescens, var. Crispa.

As far as the other parts of the plant are concerned, Lee
et al. (2013) investigated the phenolic compound profiles of
themethanolic extract of the seeds of fifteen Perilla frutescens
cultivars. Nine phenolic compounds were elucidated: caffeic
acid and its glucoside, luteolin and apigenin and their glu-
cosides, rosmarinic acid and its glucoside, luteolin, apigenin
and their glucosides, and chrysoeriol. The individual and
total phenolic contents were remarkably different, especially
those of rosmarinic acid and rosmarinic acid-3-𝑂-glucoside,
which were the predominant compounds in all the perilla
cultivars. The rosmarinic acid-3-𝑂-glucoside and rosmarinic
acid contents ranged between 1.02 and 2.42mg/g and 1.04 and
2.52mg/g, respectively. Ha et al. (2012) isolated and identified
five phenolic compounds (apigenin, luteolin, caffeic acid-
3-𝑂-glucoside, rosmarinic acid, and rosmarinic acid-3-𝑂-
glucoside) from the seeds of Perilla frutescens. Zhou et al. [47]
isolated a total of 11 phenolic compounds (vanillic acid, caffeic
acid and its derivatives, rosmarinic acid and its derivatives,
apigenin, and luteolin and its glucoside), aswell as tryptophan
and sucrose, from cold-pressed Perilla frutescens, var. argute,
seed flour.
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Table 4: Trolox equivalent antioxidant capacity (TEAC) of the perilla extract and fresh matter (FM) at different growth stages.

Growth stage Plant height TEAC
(cm) (mmol Trolox eq./g extract) (mmol Trolox eq./g FM)

Early vegetative 15 0.379 ± 0.020b 0.012 ± 0.001a

Medium vegetative 30 0.308 ± 0.023c 0.007 ± 0.001b

Late vegetative 40 0.451 ± 0.051ab 0.008 ± 0.001b

Early flowering 60 0.507 ± 0.034a 0.012 ± 0.001a

Full flowering 70 0.475 ± 0.057ab 0.015 ± 0.002a

Means with the same letter in the same column are not significantly different (𝑃 < 0.05).

Table 5: Ferric-reducing antioxidant power (FRAP) of the perilla extract and fresh matter (FM) at different growth stages.

Growth stage Plant height FRAP
(cm) (mmol Fe2+/g extract) (mmol Fe2+/g FM)

Early vegetative 15 1.573 ± 0.151a 0.048 ± 0.005a

Medium vegetative 30 0.921 ± 0.072b 0.023 ± 0.002c

Late vegetative 40 1.699 ± 0.181a 0.037 ± 0.004b

Early flowering 60 1.660 ± 0.114a 0.038 ± 0.003b

Full flowering 70 1.759 ± 0.197a 0.057 ± 0.006a

Means with the same letter in the same column are not significantly different (𝑃 < 0.05).

3.3. Antioxidant Activity. The TEAC radical scavenging abil-
ities of different perilla growth stages are reported in Table 4.
Significant differences can be observed between the stages
(𝑃 < 0.05) for both the extract and for the plant FM, with
the highest TEAC value being in the early flowering stage
(0.51mmol Trolox eq./g of extract) and full flowering stage
(0.015mmol Trolox eq./g of FM), respectively.

The FRAP of the perilla extract and of the FM is shown
in Table 5 for different growth stages, and the lowest content
is found at the medium vegetative stage (0.92mmol Fe2+/g
of extract and 0.023mmol Fe2+/g of FM, resp.). On the other
hand, the highest FRAP content is found at the full flowering
stage (1.76mmol Fe2+/g of extract and 0.057mmol Fe2+/g of
FM, resp.). These results confirm the trend observed for the
TEAC assay.

Finally, Figure 3 shows the antiradical activity of perilla
extracts against DPPH radicals, expressed as EC

50
value, that

is, the concentration required to scavenge 50% of DPPH
radicals. The most active extracts are found in the early
vegetative stage (EC

50
34.5 𝜇g/mL), and these are followed by

the early and full flowering stages (EC
50
41.7 and 42.9 𝜇g/mL,

resp.).
Jun et al. [42], investigated the antioxidant activities in the

leaves of various Perilla frutescens var. acuta extracts, on the
basis of the DPPH radical scavenging ability, ABTS radical
cation scavenging ability, and reducing power. Samples were
extracted with 80% ethanol and then sequentially fraction-
ated according to the solvent polarity.The highest antioxidant
activity was observed for the ethyl acetate fraction. EC

50

values of this fraction, for the DPPH∙ scavenging activity and
reducing power, were 2.4 and 1.7 times lower than those of
TBHQ, respectively.

Deng et al. [40] determined the antioxidant capacities of
lipophilic and hydrophilic extracts of Perilla frutescens leaf
and another 55 vegetables. The vegetables with the highest

total FRAP values, in decreasing order, were Chinese toon
bud > perilla leaf > loosestrife > lotus root > sweet potato
leaf, with values of 0.061, 0.045, 0.025, 0.024, and 0.021mmol
Fe2+/g, respectively. The vegetables with the highest total
TEAC values were ranked as follows: Chinese toon bud >
loosestrife > perilla leaf > cowpea > caraway, with values of
0.034, 0.025, 0.024, 0.021, and 0.018mmol Trolox/g, respec-
tively.

Zhu et al. [43] successfully separated a rosmarinic
acid extract from Perilla frutescens leaves by means of
the supramolecular technique and solvent extraction. This
extract exhibited antiradical activity against DPPH∙ of 88.3%,
at a concentration of 10 𝜇g/mL, while the other subfractions
exhibited a scavenging activity below 50%. The antioxidant
activity of the total phenolics was 433.9mg GAE/g for the
rosmarinic acid extract, 116.9mg GAE/g for the supernatant,
and 170.7mg GAE/g for the supramolecular complex.

In research of Gülçin et al. [29] anthocyanins from Perilla
pankinensis were found to be effective on DPPH radical
reduction, superoxide anion radical and H

2
O
2
scavenging,

total reducing power, and metal chelating on the ferrous
ion activities. Perilla pankinenis, at concentrations of 30 and
45 𝜇g/mL, showed strong inhibition of the lipid peroxidation
of linoleic acid peroxidation in acid emulsion system.

Li et al. [48] evaluated the antioxidant capacities of
infusions of some parts of Perilla frutescens. They found
0.204, 0.039, and 0.028mmol Fe2+/g for FRAP, 0.123, 0.017,
and 0.057mmolTrolox/g for TEACassays, respectively, in the
seeds, stems, and leaves.

Kim et al. [24] investigated the antioxidative activity
of various enzymatic extracts from the leaves of Perilla
frutescens, var. japonica, by measuring the DPPH, hydroxyl,
and alkyl radical scavenging activities. The alcalase and
promozyme extracts showed the highest DPPH radical scav-
enging activities with. IC

50
values were 109.7 and 77.3 𝜇g/mL,
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Figure 3: Antiradical activity of the extracts against the DPPH rad-
ical. (1) early vegetative; (2) medium vegetative; (3) late vegetative;
(4) early flowering; (5) full flowering. Means of EC

50
with different

letters are significantly different (𝑃 < 0.05).

respectively. All the enzymatic extracts of the leaf scavenged
hydroxyl radicals, and the IC

50
values of the pepsin and

celluclase extracts showed the highest activity at 241.9 and
243.3 𝜇g/mL, respectively. The 𝛼-chymotrypsin extract from
the leaves showed the highest scavenging activity, and IC

50

valuewas 33.2 𝜇g/mL,while the pepsin extracts showed a pro-
tective effect on H

2
O
2
-induced DNA damage and decreased

cell death in PC-12 cells induced by hydrogen peroxide.These
authors suggested that enzymatic extracts of the leaves can
exert an antioxidative effect.

Meng et al. [25] investigated the antioxidant activity
of water extracts of some Perilla frutescens cultivars har-
vested in China and Japan, on the basis of the inhibi-
tion of the DPPH free radical. The calculated TEAC value
(23–167 𝜇mol TE/100mL) confirmed the high antioxidant
activity of these leaf water extracts, due to the amount of total
phenolics (4–29 𝜇mol/100mL). These results confirmed the
high correlation between antioxidant activity and some 𝑜-
dihydroxylated polyphenolic compounds.

Saita et al. [41] determined the antioxidant activities of
green and red varieties of Perilla frutescens, var. crispa and
found that the DPPH solutions required 7.9 and 29 𝜇g/mL of
red and green perilla, respectively, to scavenge 50% of DPPH
radicals.

As far as the other parts of the plant are concerned,
Sargi et al. [49] determined the antioxidant capacity of five
seeds: white and brown perilla, chia, golden, and brown flax.
The results showed that brown perilla exhibited a stronger
antioxidant potential than white perilla and the other seeds.
In the DPPH assay, the highest value was found for brown
and white perilla (2.54 and 2.38mmol TE/g, resp.) and the
lowest value for golden flax (1.16mmol TE/g). A similar
pattern was found in the FRAP assay, in which brown and
white perilla had the highest values (5.24 and 4.01mmol
TE/g, resp.) and golden flax the lowest (0.33mmol TE/g).The
highest value in the ABTS assay was also found in the brown
perilla seed (4.06mmol TEAC/g), while white perilla had a
value of 3.32mmolTE/g.Müller-Waldeck et al. [50]measured
the TEAC values of five varieties of Perilla frutescens. The
obtained values ranged from 0.032 to 0.056mmol TE/g,
which are lower than the results reported by Sargi et al. (2013)
for white and brown perilla. This difference may be caused
by the sample composition as an effect of factors such as
climate conditions and geographic location. Lee et al. (2013)
investigated the antioxidant properties of an 80% methanol
extract (50 𝜇g/mL) of the seeds of various Perilla frutescens
cultivars. All the extracts showed powerful antioxidant activ-
ities against DPPH and ABTS radical scavenging activities,
with the Yeupsil cultivar exhibiting the highest antioxidant
activity (83% and 91%, resp.).

Finally, Tian et al. [51] evaluated the antioxidant potential
of different Perilla frutescens oils from 11 areas in China using
ABTS, DPPH, and the reducing power. The oils exhibited
various degrees of scavenging ability.

4. Conclusions

The present results indicate that the antioxidant activity of
several components of perilla plant extracts changes during
the growth cycle and may be useful in determining the opti-
mal harvest time at which phenolic compounds reach their
maximum content. The highest total phenolic compound
content was found at the full flowering stage and was related
to the rosmarinic acid content.This trend was also confirmed
by the TEAC and FRAP values found for the full flowering
stage. The highest antiradical activity against DPPH∙ was
observed for the early vegetative stage extract. However,
further studies are needed to identify the specific antioxidant
components of Perilla frutescens, which may constitute a new
functional food and could be an important dietary source for
the prevention of diseases caused by oxidative stress.
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Karamać, and Ryszard Amarowicz wrote the paper.

Acknowledgments

The authors would like to express their thanks to the Italian
National Research Council which, in the framework of a free
exchange program between the Polish Academy of Sciences
and the ItalianNational ResearchCouncil, provided a visiting
grant to Ryszard Amarowicz.

References

[1] T. Longvah and Y. G. Deosthale, “Effect of dehulling, cooking
and roasting on the protein quality of Perilla frutescens seed,”
Food Chemistry, vol. 63, no. 4, pp. 519–523, 1998.

[2] M. Asif, “Health effects of omega-3, 6, 9 fatty acids: Perilla
frutescens is a good example of plant oils,” Oriental Pharmacy
& Experimental Medicine, vol. 11, no. 1, pp. 51–59, 2011.

[3] O. N. Ciftci, R. Przybylski, and M. Rudzińska, “Lipid compo-
nents of flax, perilla, and chia seeds,” European Journal of Lipid
Science and Technology, vol. 114, no. 7, pp. 794–800, 2012.

[4] C. M. Da Silva, A. B. Zanqui, A. K. Gohara et al., “Compressed
n-propane extraction of lipids and bioactive compounds from
Perilla (Perilla frutescens),” Journal of Supercritical Fluids, vol.
102, pp. 1–8, 2015.

[5] S. Oita, T. Kimura, Y. Shibuya, N. Nihei, and K. Tanahashi,
“Extraction and digestibility of Perilla frutescens seed proteins,”
Japan Agricultural Research Quarterly, vol. 42, no. 3, pp. 211–214,
2008.

[6] T. Longvah, Y. G. Deosthale, and P. Uday Kumar, “Nutritional
and short term toxicological evaluation of Perilla seed oil,” Food
Chemistry, vol. 70, no. 1, pp. 13–16, 2000.

[7] M. Yamada, S. Kanazawa, K. Yamada, and Y. Yamauti, “Effect
of perilla seeds fed term on the fatty acids composition in the
muscle and lipid tissue of pig,” Nihon Yoton Gakkaishi, vol. 38,
no. 3, pp. 130–134, 2001.

[8] P. G. Peiretti, L. Gasco, A. Brugiapaglia, and F. Gai, “Effects
of perilla (Perilla frutescens L.) seeds supplementation on
performance, carcass characteristics, meat quality and fatty acid
composition of rabbits,” Livestock Science, vol. 138, no. 1–3, pp.
118–124, 2011.

[9] T. J. Ha, J. H. Lee, M.-H. Lee et al., “Isolation and identification
of phenolic compounds from the seeds of Perilla frutescens (L.)
and their inhibitory activities against 𝛼-glucosidase and aldose
reductase,” Food Chemistry, vol. 135, no. 3, pp. 1397–1403, 2012.

[10] Z. Guan, S. Li, Z. Lin et al., “Identification and quantitation
of phenolic compounds from the seed and pomace of Perilla
frutescens using HPLC/PDA and HPLC-ESI/QTOF/MS/MS,”
Phytochemical Analysis, vol. 25, no. 6, pp. 508–513, 2014.

[11] R. K. Bachheti, A. Joshi, and T. Ahmed, “A phytopharmaco-
logical overview on Perilla frutescens,” International Journal of
Pharmaceutical Sciences Review and Research, vol. 26, no. 2, pp.
55–61, 2014.

[12] N. Banno, T. Akihisa, H. Tokuda et al., “Triterpene acids from
the leaves of Perilla frutescens and their anti-inflammatory and

antitumor-promoting effects,” Bioscience, Biotechnology and
Biochemistry, vol. 68, no. 1, pp. 85–90, 2004.

[13] S. Buchwald-Werner,H. Fujii, C. Schön, andC.Doebis, “Investi-
gation of a Perilla frutescens special extract: anti-inflammatory
and immune-modulatory properties,” Agro Food Industry Hi-
Tech, vol. 23, no. 5, pp. 38–41, 2012.

[14] L.-J. Feng, C.-H. Yu, K.-J. Ying, J. Hua, andX.-Y. Dai, “Hypolipi-
demic and antioxidant effects of total flavonoids of Perilla
Frutescens leaves in hyperlipidemia rats induced by high-fat
diet,” Food Research International, vol. 44, no. 1, pp. 404–409,
2011.

[15] L.-N. Huo, W. Wang, C.-Y. Zhang et al., “Bioassay-guided
isolation and identification of xanthine oxidase inhibitory
constituents from the leaves of Perilla frutescens,”Molecules, vol.
20, no. 10, pp. 17848–17859, 2015.

[16] J.-H. Liu, A. Steigel, E. Reininger, and R. Bauer, “Two
new prenylated 3-benzoxepin derivatives as cyclooxygenase
inhibitors from Perilla frutescens var. acuta,” Journal of Natural
Products, vol. 63, no. 3, pp. 403–405, 2000.

[17] H. Ueda and M. Yamazaki, “Anti-inflammatory and anti-
allergic actions by oral administration of a perilla leaf extract in
mice,” Bioscience, Biotechnology and Biochemistry, vol. 65, no. 7,
pp. 1673–1675, 2001.

[18] H. Ueda, C. Yamazaki, and M. Yamazaki, “Luteolin as an anti-
inflammatory and anti-allergic constituent of Perilla frutescens,”
Biological and Pharmaceutical Bulletin, vol. 25, no. 9, pp. 1197–
1202, 2002.

[19] H. Ueda, C. Yamazaki, and M. Yamazaki, “Inhibitory effect
of perilla leaf extract and luteolin on mouse skin tumor
promotion,” Biological and Pharmaceutical Bulletin, vol. 26, no.
4, pp. 560–563, 2003.
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Aqueous and methanolic extracts of several microalgae (Ankistrodesmus sp., Spirogyra sp., Euglena cantabrica, and Caespitella
pascheri) and cyanobacteria (Nostoc sp., Nostoc commune, Nodularia spumigena, Leptolyngbya protospira, Phormidiochaete sp., and
Arthrospira platensis) were screened for their radical scavenging activity against the stable radical 1,1-diphenyl-2-picrylhydrazyl.
Despite the fact that water was a more efficient solvent to extract greater amount of extractable substances, it seems that methanol
was more efficient to extract a selected group of compounds with a higher antioxidant activity. In addition, the identification of 4
simple phenolics (gallic, syringic, protocatechuic, and chlorogenic acids) and the flavonoids (+) catechin and (−) epicatechin was
carried out by using reverse phase high performance liquid chromatography. The strain Euglena cantabrica showed the highest
concentration of phenolic compounds, particularly gallic and protocatechuic acids (5.87 and 2.97mg per gram of dried biomass,
resp.). Aqueous and methanolic extracts of microalgae Euglena cantabrica also exhibited the highest antioxidant activity, probably
due to the presence of the high contents of phenolics.

1. Introduction

In living systems under stress conditions, the excessive gen-
eration of hydroxyl radical (OH∙) and other highly reactive
oxygen species (ROS) produces oxidative damage through
the reaction of these species with many biomolecules includ-
ing DNA [1]. Several studies on pharmacological research
have evidenced that oxidative stress and increased amounts
of free radicals are features of chronic diseases including
cancer [2], aging, and neurodegenerative diseases such as
Alzheimer’s and Parkinson’s [3, 4] and cardiovascular dis-
eases such as atherosclerosis [5]. Phenolic compounds are
secondary metabolites widely distributed in plants with well-
known health benefits [6, 7].These compounds are described
as radical scavengers because they are donors of hydrogen

atoms or electrons, producing stable radical intermediates.
They can also inhibit iron-mediated oxyradical formation to
prevent various processes of oxidative stress considering the
origin of the above cited diseases [8]. Epidemiological studies
have confirmed that consumption of diets rich in phenolic
compounds may prevent the onset of many degenerative
diseases [1, 9].

On the other hand, lipid oxidation is the greater cause
of food quality deterioration [10]. Several reports have been
focused on the enrichment of food products with seaweed
extracts to evaluate their preservative properties and/or
nutritional benefits [11, 12]. Extrudedmaize product enriched
with red seaweed Porphyra columbina showed higher total
phenolic content and antioxidant capacity than the extruded
maize without seaweed [13]. Addition of edible seaweeds,
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Sea Spaghetti (Himanthalia elongata), Wakame (Undaria
pinnatifida), and Nori (Porphyra umbilicalis) to low-salt meat
emulsion model systems, enriched the meat samples with
soluble polyphenolic compounds thereby enhancing the anti-
oxidant capacity of the systems [14]. Incorporation of four
different seaweed extracts (cochayuyo, sea lettuce, ulte, and
red luche) as part of the covering liquids of canned Atlantic
salmon (Salmo salar) provided advantages in the preservation
of the fish samples [15]. RodŕıguezDeMarco et al. [16] studied
the effect of the incorporation of spirulina on nutritional
quality of dried pasta concluding that these samples of pasta
exhibited higher phenolic content and antioxidant capacity
compared to control sample.

Despite the reported antioxidant properties of the pheno-
lic compounds and the potential ofmicroalgae and cyanobac-
teria as sources of these compounds [17], few studies have
focused on their identification and quantification in micro-
algae [18–20] and on the role played by phenolics in micro-
algae defense mechanisms against high ROS levels [21–23].
Reports on the evaluation of antioxidant activity of microal-
gae and cyanobacteria extracts [24, 25] have also concluded
that a high number of microalgal species produce a wide
range of antioxidants, including carotenoids, polyunsaturated
fatty acids, polysaccharides, ormycosporine-like amino acids
(MAAs). These studies generally apply the Folin-Ciocalteu
test to quantify the antioxidant capacity of samples from
micro- or macroalgal cells without focusing on the identi-
fication of specific phenolic components, probably due to
the assumed hypothesis that phenolic compounds are only
terrestrial lignin-derivatives [21, 26, 27]. In fact, Waterman
and Mole [28] defined polyphenolic secondary metabolites
as compounds with a wide diversity of chemical structures,
which are present in terrestrial plants and aquatic macro-
phytes (excluding microalgae).

However, pioneer papers show that microalgae and cya-
nobacteria also contain phenolic and cinnamic acid deriva-
tives at 𝜇g levels on a dry weight basis [29, 30] and evidences
formicroalgae polyphenols synthesis are clear [21–23].There-
fore, it is necessary to improve accurate methodologies to
detect and quantify phenolics in microalgae and cyanobacte-
ria, which help to explain the role played by these compounds
[22, 31]. The increased demand for healthy foods might then
use a nontraditional alternative source of natural antioxidants
and other ingredients, with potential benefits for consumers,
based on microalgae and cyanobacteria [17, 32, 33].

The main objective of this work was to determine the
antioxidant activity of extracts obtained from several micro-
algae and cyanobacteria strains with regard to their potential
uses. Moreover, 6 phenolic compounds (gallic acid, (+)
catechin, (−) epicatechin, syringic acid, protocatechuic acid,
and chlorogenic acid) have been identified and quantified
in the extracts by reverse phase high performance liq-
uid chromatography (RP-HPLC). These compounds were
selected because several reports have demonstrated that they
are widely distributed in nature: algae [23, 34], common
edible Mediterranean plants [35], and fruits and vegeta-
bles [36]. According to this, different strains of microalgae
and cyanobacteria, most of them are bioprospected at the
Canarian Archipelago and mainland Spain, identified, and

deposited at the culture collection of the Spanish Bank of
Algae (http://www.bea.marinebiotechnology.org), are being
characterized to identify possiblemetaboliteswith interest for
biotechnological applications.

2. Materials and Methods

2.1. Chemicals. Methanol (HPLC grade) and formic acid
(analytical quality) were from Panreac (Barcelona, Spain).
Water used through the entire studywas purified on aMilli-Q
system from Millipore (Bedford, MA, USA). The radical 1,1-
diphenyl-2-picrylhydrazyl (DPPH) was from Sigma-Aldrich
Chemie (Steinheim, Germany). Phenolic standards, gallic
acid (GA), protocatechuic acid (PA), (−) epicatechin (E),
chlorogenic acid (CA), syringic acid (SA), (+) catechin (C),
butylated hydroxyanisole (BHA), and butylated hydroxy-
toluene (BHT), were purchased from Sigma-Aldrich Chemie
(Steinheim).

The cartridges for solid phase extraction (SPE) were Chr-
omabond Easy containing 500mg of polar modified poly-
styrene divinylbenzene (particle size 93𝜇m) fromMacherey-
Nagel.

2.2. Algal Strains and Culture Conditions. Microalgae and
cyanobacteria clonal strains were provided by the culture col-
lection at the Spanish Bank of Algae (Table 1). Cultures were
scaled up to 5-L flasks, under controlled conditions, at a light
intensity of 100 𝜇mol photons m−2 s−1 with a photoperiod of
16 : 8 (L : D), temperature at 23± 2∘C, and continuous aeration
supplied with CO2 pulse addition at a rate of 1min every
hour. Biomass samples were harvested, concentrated, frozen
at −80∘C, and freeze-dried (6.5 L Labconco, USA) before
extractions were carried out. For Arthrospira platensis (BEA
0016B) a secondbiomass samplewas obtained, under outdoor
conditions, in a modified culture medium enriched with urea
(AA).

2.3. Preparation of Extracts for Antioxidant Activity Determi-
nation. Freeze-dried microalgae and cyanobacteria biomass
(25mg) were extracted with 2mL of solvent (methanol and
water were separately tested) for 40min at room temperature
by using a vortex stirrer (IKA/GENIUS 3). After centrifuga-
tion at 3000 rpm for 10min (centrifugeHERAEUS Fresco 17),
the supernatant was collected and evaporated to dryness in
a rotary vacuum evaporator (Eppendorf, Concentrator Plus
5305). The amount of extractable substances was expressed
as a percentage by weight of the freeze-dried biomass.

The extractions were performed in triplicate and con-
centrates were dissolved in methanol (10mgml−1) to test
the antioxidant capacity (in triplicate). Strains showing no
antioxidant activitywere also prepared at 40mgmL−1 (Nostoc
commune, Arthrospira platensis, and Caespitella pascheri). In
addition, Euglena cantabrica concentrate was also dissolved
at 1mgmL−1 and 5mgmL−1.

Methanol solutions of pure phenolic compounds were
used as standards and prepared as follows: BHA and BHT at
1mgmL−1 and 0.1mgmL−1 and GA, C, E, SA, PA, and CA at
0.1mgmL−1.

http://www.bea.marinebiotechnology.org/es/
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Table 1: Microalgae and cyanobacteria strains assayed, indicating origin and culture medium for biomass production.

BEA code Strain Class Culture medium Geographical origin
BEA 0016B Arthrospira platensis Cyanophyceae Zarrouka Chad, Lake Chad

BEA 0024B Nostoc commune Cyanophyceae BG-11 Spain, Canary Islands, Gran Canaria. On
a trunk of Phoenix canariensis

BEA 0661B Leptolyngbya protospira Cyanophyceae BG-11 Spain, Canary Islands, Gran Canaria.
Güigüı́ Ravine

BEA 0762B Phormidiochaete sp. Cyanophyceae BG-11 Spain, Galicia, Ourense. Las Burgas
BEA 0854B Nodularia spumigena Cyanophyceae BG-11 Spain, Vizcaya, Vitoria. Añana saltworks

BEA 1052B Nostoc sp. Cyanophyceae BG-11 Spain, Canary Islands, Gran Canaria.
Tirajana, Hondo ravine

BEA 0149B Caespitella pascheri Chlorophyceae BBMb Spain, Canary Islands, Gran Canaria.
Guayadeque ravine

BEA 0536B Ankistrodesmus sp. Chlorophyceae BG-11 Spain, Canary Islands, La Gomera. Las
Rosas reservoir

BEA 0937B Euglena cantabrica Euglenophyceae BBMb Spain, Canary Islands, Gran Canaria.
Charca de Maspalomas

BEA 0666B Spirogyra sp. Zygnematophyceae BG-11 Spain, Canary Islands, Gran Canaria.
Azuaje ravine.

aA second biomass sample of BEA 0016B (AA) Arthrospira platensis was obtained from a modified Zarrouk culture medium enriched with urea.
bBBM: Bold’s basal medium including vitamins.

2.4. Free Radical Scavenging Activity on DPPH. The sample
solution (20𝜇L of pure phenolic compound solutions or
extracts prepared from algal samples) and 1mL of DPPH
(0.1mM) were mixed. After 20min incubation at 23∘C in
darkness, the inhibition of the DPPH was monitored against
a methanol blank. The ability of the samples to scavenge
DPPH radical was evaluated by measuring the decrease in
absorbance (Abs) at 515 nm using a Shimadzu 1700 UV-Vis
spectrophotometer. The decolorization percentage of DPPH
was calculated by the following equation: RSA = 100 × [1
− (Abs of DPPH solution mixed with the sample)/(Abs of
DPPHsolution)] andhalf-life time (𝑡1/2)was calculated as the
time required for reducing initial concentration of DPPH by
50%. All the tests were performed in triplicate and the results
were averaged.

2.5. Preparation of Extracts by Solid Phase Extraction (SPE)
for the Phenolic Profile Analysis by RP-HPLC. Freeze-dried
material (0.6 g) was mixed with Milli-Q water (60mL) for
1 h at room temperature by using a multipoint magnetic
stirrer (ANM-10006, Paris, France). The extract was filtered
for removal of solid particles and after centrifugation at
3500 rpm for 10min (ALC-4232), the supernatant was col-
lected and hydrolysed at room temperature by addition of
HCl (2mol L−1). After 60min, hydrolysates were purified
using solid phase extraction (SPE) according to a previously
reported method with several modifications [22].

The SPE cartridgewas equilibratedwith 3mLofmethanol
followed by 3mL of Milli-Q water and samples were loaded
into cartridges at a flow of 2.5mLmin−1. The cartridge was
rinsed with 2mL of aqueous methanol solution (5%) and the
analyteswere recovered bywashing the cartridgewith 4mLof
methanol. After completion of eluent evaporation, methanol
was added (300𝜇L) to the residue and the resulting solution

was filtered using a 45 𝜇m nylon syringe filter to be injected
into the HPLC system. In these conditions, it was impossible
to calculate concentrations forGA and PA that fall outside the
range of the calibration curve in Euglena cantabrica extract.
Therefore, 20 𝜇L of the filtered solution obtained from this
strain was also diluted with methanol making a total volume
of 1mL.

2.6. Determination of the Phenolic Profile by RP-HPLC. Chro-
matographic analysis was performed on a Liquid Chro-
matography Varian system, equipped with a ternary pump,
an autosampler, and a diode array detector (DAD), con-
nected to a computer installed Star software. The column
(250mm × 4.6mm, 5𝜇m) and the guard column (10mm ×
4.6mm, 5 𝜇m) were reverse phase Pursuit XRs C18 (Varian,
Barcelona). Twomobile phases were used: eluent Awas water
enriched with 0.1% formic acid and eluent B was methanol.
The column operated at a flow rate of 1.0mLmin−1, and
20𝜇L of each sample was separately injected. The applied
elution conditions began with 15% B and increased up to
40% B in 13min; it was then changed for 1min to 40% B
and a linear gradient from 40% to 30% B for 1min. After
that, it was returned to 40% B for 1min and kept isocratic
for 2min. Finally, it was returned for 3min to its initial
condition in order to equilibrate pressures. Each standard
phenolic compound was individually injected to check the
retention times (RT). Monitoring was set at 270 nm (GA, PA,
C, E, and SA) and 324 nm (CA) for quantification. Calibration
curves were prepared in the range of concentrations between
1 and 100 𝜇gmL−1 for determination of C, E, SA, and CA
and between 1 and 800 𝜇gmL−1 to quantify GA and PA. The
linearity was estimated by linear regression analysis applying
the least squaremethod. Limits of detection (LOD) and limits
of quantification (LOQ) were determined based on signal-to-
noise ratio at 3 and 10, respectively.
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Table 2: Extraction yields in methanol and water, expressed as a percentage by weight of the freeze-dried biomass.

Methanol Water
Cyanobacteria

Nostoc commune 5.86 31.9
Nostoc sp. 7.03 34.0
Leptolyngbya protospira 8.30 26.4
Nodularia spumigena 20.3 63.2
Phormidiochaete sp. 6.43 14.4
Arthrospira platensis (AA) 21.8 57.2
Arthrospira platensis 28.1 54.6

Microalgae
Euglena cantabrica 57.9 25.7
Caespitella pascheri 16.3 13.7
Spirogyra sp. 12.8 13.2
Ankistrodesmus sp. 18.3 30.2

3. Results and Discussion

3.1. Extraction Yields for Microalgae and Cyanobacteria.
Yields for the assayed microalgae and cyanobacteria extrac-
tions were determined and presented in Table 2. The results
obtained in the present study are consistent with previ-
ous reports, which have shown that the extraction yield
is strongly dependent on the solvent polarity and extracts
prepared with polar solvents gave the highest percentages of
extractable substances [37, 38]. As can be observed in Table 2,
water increased the efficiency of the extractions with two
exceptions: extracts obtained from Euglena cantabrica and
Caespitella pascheri showed the highest yield when methanol
was used as solvent.

The highest yields were found in cyanobacteria strains
Nodularia spumigena and Arthrospira platensis cultivated in
the presence (AA) and absence of urea (63.2%, 57.2%, and
54.6%, resp.) and microalgae Euglena cantabrica (57.9%).

3.2. Free Radical Scavenging Activity on DPPH. From the res-
ults presented in Table 3, the cyanobacteria Nostoc commune
and Arthrospira platensis did not inhibit DPPH radical, even
at the highest tested concentration of 40mgmL−1, while
eukaryotic Caespitella pascheri showed activity only when
the extract was prepared at this higher concentration. The
remaining cyanobacteria exhibited low values of capacity
to scavenge free radical DPPH that ranged from 7.65%
(Leptolyngbya protospira) to 27.89% (Nostoc sp.). Extracts
from microalgae Euglena cantabrica displayed considerably
stronger relative radical scavenging efficiencies than the other
strains (100% inhibition when extracts were prepared with
water and methanol at concentrations 10mgmL−1 and 5mg
mL−1) with a half-life (𝑡1/2) lower than 2.1 s followed by
methanolic extract of Spirogyra sp. (61.56%) with a 𝑡1/2 of
202 s.

Our results demonstrated that cyanobacteria strains
(Nostoc sp., Leptolyngbya protospira, Nodularia spumigena,
and Phormidiochaete sp.) and microalgae (Euglena canta-
brica, Caespitella pascheri, Spirogyra sp., and Ankistrodesmus
sp.) showed DPPH scavenging capacity when the samples

Table 3: Relative radical scavenging activity (RSA) of samples
expressed as % inhibition ± standard deviation of three measure-
ments and half-life (𝑡1/2) in seconds.

Methanol
RSA (𝑡1/2)

Water
RSA (𝑡1/2)

Cyanobacteria
Nostoc communea,b — —
Nostoc sp.b 27.89 ± 0.01 —
Leptolyngbya protospirab 7.65 ± 0.01 —
Nodularia spumigenab 13.02 ± 0.02 —
Phormidiochaete sp.b 14.59 ± 0.01 9.14 ± 0.02
Arthrospira platensis (AA)a,b — —
Arthrospira platensisa,b — —

Microalgae

Euglena cantabricab 100 ± 0 (<2) 100 ± 0
(<2)

Euglena cantabricac 100 ± 0 (2.1 ± 0) 100 ± 0
(2.1 ± 0)

Euglena cantabricad 71 ± 0.4 (4 ± 0) 48.9 ± 0.2
Caespitella pascheria 26.3 ± 0.2 —
Caespitella pascherib — —

Spirogyra sp.b 61.56 ± 0.04
(202 ± 3)

43.37 ±
0.01

Ankistrodesmus sp.b 29.43 ± 0.00 8.3 ± 0.0
Synthetic preservatives

BHAd 91 ± 2 (130 ± 9) NE
BHTd 26 ± 2 NE

aSamples prepared at 40mgmL−1.
bSamples prepared at 10mgmL−1.
cSamples prepared at 5mgmL−1.
dSamples prepared at 1mgmL−1.
— means activity not detected.
NE: not evaluated.

were prepared at a higher concentration than the solutions
of the standards BHA and BHT, the most widely used
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Table 4: Methodological data for quantitative determination of phenolic standards analysed by RP-HPLC.

Phenolic compound LODa (𝜇gmL−1) LOQa (𝜇gmL−1) Regression equation Correlation coefficient (𝑟)
GA 0.024261 0.080868 𝑦 = 293189𝑥 − 420948 0.9990
PA 0.014679 0.048930 𝑦 = 234664𝑥 − 98186 0.9995
C 0.113697 0.378993 𝑦 = 49026𝑥 − 164952 0.9997
CA 0.131857 0.439524 𝑦 = 287357𝑥 − 26773 0.9981
E 0.128127 0.427090 𝑦 = 50853𝑥 − 377965 0.9982
SA 0.027729 0.092429 𝑦 = 288245𝑥 − 7411113 0.9973
aDetection limits were calculated as signal-to-noise ratio of six determinations.

Table 5: Phenolic compounds detected in the samples in 𝜇g per gram of freeze-dried algal biomass.

Phenolic compound
GA PA C CA E SA

Cyanobacteria
Nostoc commune 71 — — 2.16 — —

Microalgae
Euglena cantabrica 5,872 2,970 71.4 78 7.1 —
Spirogyra sp. 91.4 — — — — —
Ankistrodesmus sp. — 25.4 — — — —
—: not detected.

food synthetic preservatives. At the same concentration of
1mgmL−1, Euglena cantabrica gave higher radical scavenging
activity (71%) than BHT (26%) and lower activity and half-
life (4 s) than BHA (91% with a half-life of 130 s). Our results
align well with Rodŕıguez-Garćıa and Guil-Guerrero [33]
who determined the antioxidant activity of the microalgal
ethanolic extracts of Porphyridium cruentum, Phaeodactylum
tricornutum and Chlorella vulgaris by means of the 𝛽-
carotene-linoleate model system, where the activity of C.
vulgaris extract was higher than those obtained for the other
microalgal extracts tested and for the synthetics BHA and
BHT.

The relative RSA of the pure standards (at concentration
0.1mgmL−1) was as follows: gallic acid: 94% (𝑡1/2 120 s);
syringic acid: 38.1%; (+) catechin: 30.5%; (−) epicatechin:
31.8%; protocatechuic acid: 26.2%; chlorogenic acid: 26%; and
BHA: 18.1% and BHT did not show activity (Figure 1).

Despite the fact that water was more efficient solvent to
extract greater amount of extractable substances, it seems
that methanol was more efficient to extract a selected group
of compounds with a higher antioxidant activity (Table 3).
These results corroborate well with earlier reports focused
on the extraction of nine microalgae strains with different
solvents (ethanol, aqueous ethanol, and water) to study the
capacity of extracts to scavenge DPPH radical [39]. The
authors concluded that the aqueous extract of all the tested
strains exhibited lower scavenging activities than the alco-
holic extracts. These same results were observed by Herrero
et al. [19] optimizing the extraction of antioxidants from
the chlorophyte Dunaliella salina. However, Rao et al. [25]
reported that there was nomajor difference in the antioxidant
activity of the green colonial microalga Botryococcus braunii
extracted by different solvents (acetone, methanol, ethanol,

chloroform/methanol (1 : 1 and 2 : 1, v/v), petroleum ether,
hexane, and ethyl acetate).

3.3. Phenolic Profile by RP-HPLC. Phenolic compounds were
identified by comparing retention times (RT) with those
of standards and by extensive UV-Vis spectral analysis. An
internal standard was used to avoid the matrix effect and
to improve the precision of quantitative analysis. GA (RT:
6.15min), PA (RT: 9.85min), C (RT: 11.45min), CA (RT:
12.97min), E (RT: 14.97min), and SA (RT: 15.75min) were
well resolved.

Limits of detection (between 0.01468 and 0.1319 𝜇gmL−1)
and limits of quantification (between 0.04893 and
0.4395 𝜇gmL−1) were acceptable. All correlation coefficients
for calibration curves gave values not less than 0.9973
(Table 4). Our methodology to determine the phenolic pro-
file of microalgae and cyanobacteria offers adequate sensiti-
vity.

Among cyanobacteria extracts, GA and CA were only
identified in Nostoc commune. Phenolic constituents GA, C,
E, SA, PA, and CA were not detected in Nostoc sp., Lep-
tolyngbya protospira, Nodularia spumigena, Phormidiochaete
sp., Arthrospira platensis, and the strain Caespitella pascheri
(Table 5). Klejdus et al. [29] reported that phenolic com-
pounds were more abundant in microalgae compared to
cyanobacteria species. These authors related the lack of phe-
nolic compounds in cyanobacteria with the different evolu-
tionary states of microalgae and cyanobacteria, since micro-
algae are organisms more advanced with phenolic compou-
nds involved in several stress adaptation mechanisms [22,
23, 29]. However, several reports have demonstrated that
cyanobacteria produce a great variety of secondary bioactive
metabolites [40, 41].
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Figure 1: Relative radical scavenging activity (RSA) of pure phenolic compounds solutions at 0.1 mg mL−1.

Among all tested microalgae, Caespitella pascheri did not
show phenolic compounds. However, GA was identified in
Spirogyra sp. and PA was detected in Ankistrodesmus sp.
The extract derived from Euglena cantabrica exhibited the
highest amount of GA and PA in comparison with the other
strains in the present study (5,872 and 2,970 𝜇g per gram
of freeze-dried material, resp.) and also presented relevant
quantities of compounds C, CA, and E (Table 5). The results
here agree with recently published studies focused on the
macroalgae Himanthalia elongata (Ochrophyta) which have
shown relevant amounts of phenolic compounds increased
to levels of mg per gram of freeze-dried algae [42], which
seems to be common in many macroalgae species [43].
These contents of phenolic compounds are significantly
higher compared to other previously published data [29, 30].
Onofrejová et al. [30] reported lower amounts of phenolic
compounds extracted from in vitro culture of the microalgae
Spongiochloris spongiosa (5.1 𝜇g g−1) and the cyanobacteria
Anabaena doliolum (3.6 𝜇g g−1) and from food products
including marine macroalgaeUndaria pinnatifida (Wakame)
and Porphyra tenera (Nori) (1.0 and 1.9 𝜇g g−1, resp.). Strains
Spirogyra sp. and Ankistrodesmus sp. also showed higher
contents of phenolic compounds (91.4 and 25.4𝜇g g−1, resp.)
compared to data for Nori and Wakame. Klejdus et al. [29]
reported that Spongiochloris spongiosa, Spirulina platensis,
Anabaena doliolum, Nostoc sp., and Cylindrospermum sp.
contained phenolic compounds at 𝜇g levels per gram of
biomass.These findings concord well with results in previous
studies in our laboratory, where high contents of several
phenolic compounds such as gentisic acid and (+) catechin
were identified and quantified in the microalgae Dunaliella
tertiolecta and Phaeodactylum tricornutum [22, 23].

As can be observed in Figure 1, GA is the most active
compound in inhibiting DPPH radical, much more than
the synthetic antioxidants BHA and BHT at the same con-
centration (0.1mgmL−1). Crude algae extracts consist of a
wide variety of substances with active components at lower
levels and with interfering constituents that decrease the
antioxidant capacity [44, 45].Therefore, antioxidant activities

determined for some of the cyanobacteria strains and the
eukaryotic Caespitella pascheri (Table 3) seem not to be
related to their phenolic composition. However, the high
content of GA and PA in Euglena cantabrica extracts may
explain the radical scavenging activity observed when the
extracts were prepared at the same concentration (1mgmL−1)
as pure compounds BHA and BHT.

4. Conclusion

Results in this study confirmed that several cyanobacteria
and microalgae were effective as scavengers of free radicals
and this activity might be related to the phenolics com-
pounds detected in some of the strains. Particularly, Euglena
cantabrica displayed relevant quantities of phenolic com-
pounds (gallic acid, protocatechuic acid, (+) catechin, chloro-
genic acid, and (−) epicatechin) presenting a significantly
high antioxidant capacity that could be considered interesting
for different industrial applications. Further studies with a
broader selection of microalgae and cyanobacteria and a
variety of phenolic compounds are required to confirm new
possibilities as those shown for the strains assayed here.

Additional Points

Practical Applications. Few investigations have focused on
the quantification of phenolic compounds in microalgae and
their potential application in food preservation to prolong the
shelf-life by reducing oxidative deterioration and to improve
the textural and sensory properties. On the other hand, diets
rich in antioxidants have been long recommended to reduce
the incidence of diseases caused by oxidative stress. The
euglenoid Euglena cantabrica showed relevant amounts of
gallic and protocatechuic acids at mg levels per g DW and a
significant antioxidant activity probably due to the presence
of the high contents of phenolics.
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The maturity of two selections of soursop (G1 and G2) from Nayarit, Mexico, was evaluated under environmental conditions at
22∘C and refrigeration at 15∘C stored for 6 and 8 days, respectively. Maximum CO

2
and ethylene values were present on the fifth

and sixth day. The fruits exposed at 15∘C had a significantly lower weight loss (5%) and showed no chilling injury. The firmness of
two selections decreased more than 90%.The concentration of TSS increased to 5.3 to 15∘Brix, and the titratable acidity was higher
for fruit stored at 22∘C. The highest concentration of phenols was recorded on the fourth day of storage at 22∘C. The enzymatic
activity of PPO was increased from physiological ripening to consumption ripening for both treatments. The two selections stored
at 22∘C registered the highest level of PME activity at ripeness. Shelf life was increased by up to 8 days (4 days at 15∘C plus 4 days at
22∘C) without causing chilling injury or alterations in the ripening process of the fruits. No significant differences were observed
between the two selections evaluated; postharvest handling was considered to be similar; however, it would be advisable to evaluate
other technologies combined with refrigeration.

1. Introduction

The soursop (Annona muricata L.) is a fruit tree native to
tropical America [1]. Morton [2] and Paull and Duarte [3]
suggest that it originated in the Caribbean and the northern
region of South America. It is currently found from South
Eastern China to Australia, as well as tropical areas of Africa
[2]. Due to its organoleptic properties, the fruit of the soursop
is considered suitable for both processed and fresh local
consumption [3]. It is farmed extensively in Mexico, from
Sinaloa to Chiapas in the Pacific region and from Veracruz
to Yucatán in the Gulf region, and in other countries such
as Brazil and Venezuela [3]. In Mexico in 2013, soursop was

farmed over approximately 2724 ha, with an average yield of
8.5 t ha−1 and a total production value of close to 105 million
pesos [4]. Approximately 73% of the surface area dedicated
to the farming of the soursop in the country is found in the
state of Nayarit [4]. Soursop is exported throughout the year,
and an increase in the levels of average fresh consumption has
been observed in the market [5].

The taste of the soursop fruit results from the com-
bination of sugars and acids (0.65–0.85%), with its pulp
containing 1% protein, 18% carbohydrates, 1% fiber, vitamins
B1, B2, and C, and phenols, flavonols, and acetogenins [5, 6].
The compounds mentioned at the end of the above list are
associated with the prevention of conditions related to free
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Table 1: Average values for morphological and chemical variables for two selections of soursop in Tepic, Nayarit [16].

SN SW PW PW1 L∗ C∗ h M pH TSS TA
G1 104.55 73.07 246.26 728.43 40.12 16.13 159.41 1361.71 3.79 10.97 0.6
G2 187.60 123.28 264.13 1027.08 37.70 16.31 158.40 1718.48 3.58 10.44 0.8
SN = seed number; SW = seed weight (g); PW = peel weight (g); PW1 = pulp weight (g); L∗ = luminosity (0: white, 100: black); C∗ = chromaticity (grey); h =
hue angle (0: red; 180: green);M = mass (g); TSS = total soluble solids (∘Brix); TA = titratable acidity (%).

radicals [7]. However, it is important tomention that research
indicates that frecuent consumption of the fruit or other parts
of the soursop tree (leafs, bark, and seeds) can have a harmful
effect on human health [8, 9].

The soursop fruits, when harvested and ripened at room
temperature, may reach consumer maturity in 2, 3, or up
to 7 days depending on the maturation stage in which they
were harvested [1, 10]. A service life of between 4 and 8
days for soursop fruit ripened at 25∘C has been reported in
Nayarit [11, 12], denoting a highly perishable product. Tovar-
Gómez et al. [13] describe a postharvest loss of 60% due to
the perishable nature and the physical fragility of this fruit,
causing the exportation of the soursop to be undertaken on
the day of harvest via airplane at a temperature of 13∘C, which
has proven very costly.

Refrigeration is the most important postharvest tech-
nology for maintaining quality and reducing the speed of
the deterioration of harvested horticultural products, as it is
widely accepted that the speed of postharvest deterioration
is closely related to the speed at which the product respires,
which is itself dependent on temperature [14]. Little informa-
tion is available on the refrigeration temperatures required for
increasing the shelf life of the soursop. Thus, working with
fruits from La Peñita de Jaltemba, Nayarit, Mexico, Castillo-
Ánimas et al. [15] recommend the storage of fruits of a light
green color with a changing-firm texture in between 12 and
18∘C. Lima and Alves [5] indicate that, in Brazil, fruits stored
at 15∘C require 9 days to ripen.

Soursop fruit harvested in El Tonino, Nayarit, and stored
at 16∘C with the application of 1-methylcyclopropene (1-
MCP) require between 8 and 9 days to ripen [11]. The studies
undertaken in Mexico do not indicate the variety of plant or
the type of vegetable material used in the evaluation, which
is attributed to the fact that, currently, there are no varieties
of the soursop, for which reason, all studies were undertaken
with fruit originating from seed-propagated trees.

Recently, Jiménez-Zurita et al. [16] carried out a mor-
phological and chemical characterization of fruits originating
from ungrafted trees in Tepic, Nayarit. The results helped to
separate four groups of trees, where the principal variables
assisting their formation were the mass, dimensions, and
color of the epidermis. The formation of groups indicates a
variability in the morphological and chemical characteristics
of the fruit, for which it is necessary to study the posthar-
vest physiology and biochemistry of this fruit in order to
devise adequate postharvest handling. Differences are known
among cultivars within the same species in terms of chemical
characteristics, such as sugar content [14]. Studies on the
refrigeration of the soursop have evaluated basic postharvest

physiological and biochemical characteristics, such as res-
piration, the production of ethylene, titratable acidity, total
soluble solids, and firmness [5]. However, the metabolism
of phenols and the enzymatic activity of both polyphenol
oxidase and pectin methylesterase has been explored little.
The large part of the biochemical changes produced in
the fruit are caused by enzymes, which are responsible for
ripening it, as well as the formation of its sensory char-
acteristics and senescence. The enzyme polyphenol oxidase
(EC.1.14.18.1; PPO) is important in the oxidative degradation
of phenolic compounds in terms of quality, in that it leads to
darkening through the catalyzation of two different reactions
in the presence of molecular oxygen: (a) the hydroxylation
of monophenols to ortho-diphenols and (b) the oxidation of
ortho-diphenols to ortho-quinones [17, 18].

Loss of firmness is observed to be influenced by the
enzyme pectin methylesterase (EC. 3.1.1.11; PME), which is
related to the degradation of the pectin substances of the
middle lamella of the cellular component of the cellular wall
[19].

The objective of this research was to characterize the
physicochemical and biochemical changes occurring in two
selections of soursop fruit during postharvest cold storage
to obtain information that may help to increase its shelf
life and facilitate its potential commercialization as a fresh
product.

2. Materials and Methods

Fruit was harvested in two selections (G1 and G2) in July
2015 from ungrafted trees in a 15-year-old orchard in Tepic,
Nayarit, Mexico (21∘322.77N, 104∘5839.73O, 893msnm)
[16].The fruit in selectionG1 had low acidity, a higher pH, and
intermediate total soluble solid values (Table 1). The fruit in
selection G2 demonstrated higher seed numbers, total mass,
peel, and pulp mass, in addition to a higher titratable acidity
value (Table 1).

A harvest index reported by the producerwas used, which
counts 160 days after anthesis, when the fruit acquires a
light green or yellowish color [20]. The fruit selected did
not present physical or pathogenic damage. The harvest was
carried out between seven and eight a.m., with the fruit then
placed in plastic boxes and taken by land transport to the
Agricultural Production Laboratory of the Faculty ofAgricul-
tural and Livestock Sciences at the Autonomous University
of the State of Morelos. Two selections of soursop and two
storage temperatures (15 and 22∘C) were evaluated. A total of
thirty-six soursop fruits per selection were acclimatized for
1 h at room temperature (22∘C) and then placed in controlled
temperature chambers (OLG HOT TEMP No. OLG-800D).
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Four treatments were designed: (1) selections G1 and G2
stored at 22∘C, with 85% RH for 8 days; (2) selections G1 and
G2 stored at 15∘C for 4 days and at 22∘C for 4 days, with 85%
RH. Temperature and relative humidity were monitored with
a Data Logger (HOBO U12).

Daily nondestructive analysis was conducted on a group
of six fruits per treatment for the loss of mass, respiration and
ethylene production variables. Destructive analysis was used
to determine firmness, total soluble solids, titratable acidity,
phenolic compounds, the enzymatic activity of polyphenol
oxidase, and pectin methylesterase at the beginning of the
experiment, on the 4th and 6th days, when the fruit was being
kept at 22∘C and when the fruit was removed from storage
at days 0 and 4. The experimental design was randomized
and the experimental unit was one fruit with six duplicates
on different fruits.

2.1. Respiration and Ethylene. The respiration rate and ethy-
lene productionwere quantified using a static system [21] that
is comprised of placing an intact fruit with a known mass
in containers with a known volume (4 L) and hermetically
sealing for 1 h. Subsequently, a 1mL sample of air was taken
from the headspace and injected into anAgilent Technologies
7890A GC Wilmington, USA gas chromatograph, with an
open type column and a porous silica cap seal simultaneously
connected to a thermal conductivity detector and a flame
ionization detector at a temperature of 170∘C. The injector
and chromatograph oven maintained a temperature of 150
and 80∘C throughout the evaluations. Nitrogen was used
as a carrier gas throughout the assay. Calibration gas stan-
dards (INFRA�) at a concentration of 460 and 100mg L−1,
respectively, were used for the quantification of CO

2
and

ethylene.

2.2. Weight Loss. The loss of mass was determined using a
digital scale (Scout Pro SP2001, OHAUS�, New Jersey, USA)
tomeasure themass of each individual soursop fruit.The loss
of accumulated mass was reported by percentage (%) relative
to the initial mass of the fruit and the mass recorded in each
evaluation. To obtain the percentage of accumulated weight,
the following formula was used: Mf −Mi/Mi×100, whereMf
is final mass and Mi is initial mass.

2.3. Firmness. Firmness was quantified for each individual
fruit using the equatorial part of the epidermis on two
opposite sides. A tensile and compression testing device
(SM-100N-168, Ametek and Chatillon�, Florida, USA) was
used with a cone probe, which had a 6mm base diameter
and was 5mm in length from the base of the cone to the
apex.

2.4. Total Soluble Solids (TSS). The total soluble solids (TSS)
were determined by directly placing drops of fruit juice
extracted with a manual juice press in a Hanna� HI 96801
USA refractometer (0 to 85% Brix) previously calibrated with
distilled water, the results of which were expressed in Brix
degrees.

2.5. Titratable Acidity. The titratable acidity was determined
by the official method AOAC [22], which consists in homog-
enizing 1 g of pulp with 10mL of distilled water, the macerate
was filtered with a blanket, and 5mL aliquots of the filtrate
were taken. Subsequently the volumetric titration was done
with sodium hydroxide (0.1 NNaOH) and phenolphthalein
as indicator; the results were expressed as a percentage of
ascorbic acid.

2.6. Total Phenolic Compounds. The total phenol content was
determined using the method proposed by Singleton et al.
[23]. For this, 1 g of pulp was homogenized with distilled
water using an Ultraturrax (T8 IKA� Staufen, Germany),
after which the homogenized liquid was filtered, from which
0.5mL of the filtered liquid was taken using 2.5mL of Folin-
Ciocalteu reagent (diluted 1 : 10 with distilled water) and left
to stand for 5min, to which 2mL of sodium carbonate was
added 7.5% (p/v). The absorbency of the solution at 760 nm
was then measured. The total phenol content was obtained
with a calibration curve using gallic acid (10–100mg L−1) and
expressed as mg equivalents of gallic acid (mg EGA/100 g of
fresh weight).

2.7. Polyphenol Oxidase (EC. 1.14.18.1; PPO). The polyphenol
oxidase activity (EC. 1.14.18.1; PPO) was undertaken by
homogenizing 1 g of pulp with 7mL of cold Tris-HCl 0.1M
buffer (pH 7.1), using a tissue homogenizer. Throughout this
procedure, the samples were kept in trays with ice and then
centrifuged (Z326KHermle,Wehingen,Germany) for 20min
at 18510 g and 4∘C.The polyphenol oxidase activity assay (EC.
1.14.18.1; PPO) was undertaken as described by Tejacal et al.
[24], where 2.8mL of catechol dissolved in Tris-HCl solution
and 0.2mL of supernatant was placed in a 3mL quartz cell,
in order to determine the change in absorbance over 5min.
The results were reported as units of enzymatic activity per
milligram of protein (Umg−1 of protein), in which a U was
defined as a 0.001 change in absorbance. The soluble protein
was determined with the Bradford [25] method, using the
liquid filtered from the extraction of the PPO enzyme.

2.8. Pectin Methylesterase (EC. 3.1.1.11; PME). The determi-
nation of the activity of the enzyme pectin methylesterase
(EC. 3.1.1.11; PME) began with the extraction of the same,
homogenizing 1 g of pulp with 13mL of a sodium chloride
(NaCl) solution with an 8.8% (p/v) concentration for 3min,
after which the mixture was centrifuged (Z326K Hermle,
Wehingen, Germany) at 18510 g for 20min at 4∘C. The pH
of the supernatant obtained was adjusted to 7.5 with NaOH
(0.1 N). To determine PME activity, 100 𝜇L of the supernatant
was taken, to which the following was added: 200𝜇L of
NaCl 0.15M solution; 200𝜇L of distilled water; 100 𝜇L of
bromothymol blue solution at 0.01%; and 1000 𝜇L of pectin
solution (0.01%), adjusted to a pH of 7.5 with NaOH (0.1 N).
The absorbance was taken using a wavelength of 620 nm, for
0 and 5min. The results were reported as units of enzymatic
activity per milligram of protein (Umg−1 of protein), where
one U is equal to the formation of 1 𝜇mol of D-Galacturonic
acid per minute [26]. The soluble protein was determined
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Figure 1: Respiration (a) and production of ethylene (b) in fruit from two selections of soursop stored at 22 and 15∘C. Each point represents
the average of 6 observations ± standard error. The dotted line indicates removal from refrigeration.

with the Bradford [25] method, using the extract to evaluate
PME activity.

The data analysis was performed using ANOVA and
Tukey’smethod comparison (𝑃 ≤ 0.05)with the SAS� version
9.2 statistical package (Copyright© 2009, SAS Institute Inc.,
Cary, North Carolina, USA), using the general linear model
(GLM) procedure as indicated by Castillo [27].

3. Results and Discussion

3.1. Respiration and Ethylene. Respiration of the fruits stored
at 22∘C from the G1 and G2 selections increased during
the evaluation period, reaching a maximum 5 days after the
evaluation began (Figure 1(a)).

Espinosa et al. [11] determined the maximum respiration
production on the 4th day of storing soursop fruits at 25∘C.
Worrell et al. [20] indicate that the respiration of the soursop
is biphasic; namely, it passes through two periods of identified
respiration. The foregoing can be attributed to differences in
the physiological ages of the tissues of the different fertilized
ovaries. The increase in the initial respiration rate is due to
the increase in the mitochondrial respiration caused by the
increase in the supply of carboxylated substrates, itself likely
induced by the act of harvesting [28]. Both this research
and that reported by Espinosa et al. [11] did not clearly
detect biphasic respiration, which is probably due to the
measurement intervals of 24 h used in both studies.

The soursop fruits from both selections, G1 and G2,
reached the maximum CO

2
production two days after the

storage period (Figure 1(a)). No differences were detected

(𝑃 ≥ 0.05) in the respiration rate between the two selections
when stored at a low temperature (Figure 1(a)).

Espinosa et al. [11] stored soursop fruits at 16∘C, mea-
suring a lower respiration rate than those stored at 25∘C. In
this study, the fruit stored at 15∘C and then transferred to
storage at 22∘C demonstrated similar respiration values to
those maintained at 22∘C (Figure 1(a)).

3.2.Weight Loss. The soursop fruit from selectionsG1 andG2
stored at 22∘C underwent a daily mass loss of 1.41 and 1.34%,
respectively (Figure 2(a)). This loss of mass accumulated
during ripening was between 6.7 and 7.1%, with no significant
differences detected between (𝑃 ≥ 0.05) the selections
(Figure 2(a)).

The fruit stored at 15∘C for 4 days presented a loss
of accumulated mass of between 2.3 and 2.7% by the end
of storage (Figure 2(a)). During the period subsequent to
storage, the daily mass loss was significantly greater in the
fruits from selection G1 (1.9% d−1) than those from selection
G2 (0.8% d−1), accumulating, by the end of the evaluation,
5.9 and 4.7% of mass loss, respectively (Figure 2(a)). Lima
and Alves [5] indicate that postharvest losses of soursop fruit
mass of between 4.6 and 11.8% did not cause wilting, although
the spines did become flaccid and dark. Lima et al. [29]
report daily mass losses in soursop fruits farmed in Brazil of
1.0% and losses of accumulated mass of 5.1% after 5 days at
26.3 ± 0.6 and 88 ± 12% of RH. The results obtained indicate
that when stored at ambient temperatures, the selections of
soursop present behavior similar to the fruit stored at 15∘C
for 4 days in terms of mass loss. However, after refrigeration,
a differential response was observed between the selections
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Figure 2: Mass loss behavior (a), firmness (b), total soluble solids (c), and titratable acidity (d) in two soursop selections stored at 22∘C and
15∘C. Each point represents the average of 6 observations and its standard error. The dotted line indicates the end of the refrigeration period.

evaluated; in that selection G2 presented a lower level of mass
loss compared to selection G1.

3.3. Firmness. The firmness of the fruit from selections G1
and G2 stored at 22∘C decreased constantly, presenting, at
the beginning of harvest, average values of between 104.2 and
113.7N, while, 6 days later, on ripening, firmness decreased
by 93.51%, between 7.8 and 8.4N (Figure 2(b)). Márquez-
Cardozo et al. [30] report that soursop cv. Elita presented
values of 80N at harvest, with the maximum rate of firmness
loss occurring between 2 and 4 days after harvest. On the
fifth day of evaluation, the ripened fruit presented between

4.72 and 7.48N. Espinosa et al. [11], in their research on a
soursop cultivar in Nayarit, Mexico, report firmness of 313N
at the point of harvest and of 5.3N after 4 to 5 days at a
temperature of 25∘C and 85–90% RH.The results obtained in
this research indicate that that the loss of firmness is similar
in both selections evaluated. This parameter presents high
values at ambient temperature of between 22 and 26∘C and
65 and 90% RH [11, 30].

On completion of the refrigeration stage, the fruits from
both selections demonstrated similar firmness values of
between 88.2 and 98.5N. After 6 days at ambient temperature
(22∘C), firmness decreased drastically to between 5.5 and
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8.0N, forG1 andG2, respectively (Figure 2(b)). No significant
differences (𝑃 ≥ 0.05) were detected between the selections
evaluated for the firmness variable. Espinosa et al. [11] report
that the storage of soursop at 16∘C reduces the rate of firmness
loss, where, by the ninth day of storage under this condition,
the fruit attained ripeness of 5.1 N.These authors indicate that
refrigeration decreases cellular degradation by decreasing
enzymatic activity.

3.4. Total Soluble Solids (TSS). The total soluble solids were
significantly higher (𝑃 ≤ 0.05) in the G1 selection stored at
22∘C in the ripening phase, reaching 16.6∘Brix (Figure 2(c)),
as compared to the fruit from selection G2, which, when
ripe, presented 14.5∘Brix (Figure 2(c)). Sacramento et al. [31]
report three types of soursop in Brazil—purple, smooth, and
common—recorded between 12.1 and 13.8∘Brix when ripe. de
Lima et al. [32] found 14.4∘Brix in the pulp of another type
of soursop in Brazil. de Rodŕıguez et al. [33] report between
14 and 16∘Brix in Venezuelan soursop, a variation which they
attribute to the region in which the species is produced. The
results obtained indicate that selection G1 surpassed the total
soluble solid values recorded in other regions.

The concentration of soluble solids was low in selection
G2 (0.54∘Brix) by the end of storage at 15∘C compared to
selection G1 (10.5∘Brix). Four days after the completion of the
storage period, the total soluble solid content for selection
G2 (15.9∘Brix) significantly increased compared to selection
G1 (12.5∘Brix) (Figure 2(c)). Espinosa et al. [11] report that
soursop fruit from Nayarit reaches 18∘Brix after being stored
at 16∘C for 10 days and that the increase in total soluble solids
can be attributed to the hydrolysis of starch, sucrose, pectins,
and other soluble compounds such as organic acids or amino
acids. The results suggest that, in refrigeration, selection G2
attained a higher soluble solid content. Statistically significant
differences (𝑃 ≤ 0.05) were found between both selections.

3.5. Titratable Acidity. The titratable acidity of the two selec-
tions of soursop increased during ripening (Figure 2(d)).
Selection G1 presented the higher titratable acidity level at
22∘C, with values between 0.88 and 0.96%, while selection
G2 only achieved between 0.62 and 0.71% after 4 to 6 days,
respectively (Figure 2(d)). Sacramento et al. [31] report that
purple, smooth, and common soursop reported between
0.92 and 1.0% titratable acidity when ripe. Mosca et al. [34]
indicate that, during ripening, the titratable acidity of the
soursop fruit increases from 0.067 to 0.67% inmalic acid, due
to an increase in the concentration of malic and citric acid.

No differences between (𝑃 ≥ 0.05) the selections
evaluated were observed in the titratable acidity content after
storage at 15∘C for 4 days (Figure 2(d)). Espinosa et al. [11]
indicate that titratable acidity is maintained at 0.67% after 10
days at 16∘C, which they attribute to refrigeration. Titratable
acidity increased in this study after the completion of storage
at 15∘C, presenting values similar to those reported in the
literature (Figure 2(d)).

3.6. Chilling Injury. The groups of fruit G1 and G2 stored
at 15∘C and then transferred to a temperature of 22∘C did

not suffer chilling injury and then ripened normally without
presenting any pulp or peel damage, and, furthermore, did
not demonstrate aromas characteristic of fermented fruit.
The symptoms of chilling injury in the fruit of the soursop
are as follows: darkening of the peel; inability to ripen;
discoloration of the pulp; themaintenance or increase in pulp
firmness; internal decomposition; loss of ripening capacity;
and increased senescence [1].There are reports of fruit stored
at 15∘C suffering chilling injury [15], which does not concur
with what is reported in this study. This is likely due to the
fact that the fruits were harvested at an advanced stage of
ripening; in that if they are harvested before physiological
maturity, there is a greater susceptibility to chilling injury [15].

3.7. Total Phenolic Compounds. The fruit exposed to 22 ±
2∘C from selection G1 presented a higher concentration of
phenols (74.20mg GAE/100 g.f.w.) compared to the fruit
from selectionG2 (63.05mgGAE/100 g.f.w.) at the beginning
of the experiment (Figure 3(a)). No significant changes were
observed (𝑃 ≥ 0.05) in the concentration of total phenols
during the ripening of selection G2, which was not the case
with the fruit from selection G1, in which a drastic decrease
to values of 64.09mg GAE/100 g.f.w. was observed on the
sixth day of evaluation (Figure 3(a)). In fruit cultivated in Sri
Lanka, Padmini et al. [35] report total phenol content values
of 21.96mg per 100 g−1 of fresh weight. Fresh weight values
of 0.32mg per 100 g−1 have been reported in Brazil, [36],
while in Mexico, Moreno-Hernández et al. [37] report values
of 2.55mg per 100 g dry weight. Da Silva et al. [38] report
values of 2886.6 ± 119.0mg per 100 g dry weight for total
phenols in the pulp of soursop grown in Brazil.The difference
in values in terms of the total phenol content is attributed
to the different methods of extraction and the kinds of fresh
and dry material used. Recently, Jiménez et al. [7] identified
16 phenolic compounds in soursop pulp, where the principal
phenols are derived from cinnamic acid and p-coumaric acid,
the consumption of which has been determined to be of
benefit to human health. Subsequent studies will need to
identify what happens with the phenols from selections G1
and G2 and the effect of postharvest technologies on these
molecules.

The fruit from the selections G1 and G2 stored at 15∘C
for 4 days and subsequently exposed at 22∘C presented initial
concentrations of 73.76 (G1) and 66.24 GAE/100 g.f.w. (G2),
respectively (Figure 3(a)). Subsequently, the concentration
of phenols in both selections decreased to 58.49 and 44.94
GAE/100 g.f.w. (Figure 3(a)). An analysis of variance detected
significant differences between both selections (𝑃 ≤ 0.05).
Moreno-Hernández et al. [37] reported concentrations of
phenolic compounds of 2.61 g GAE/100 g of dry weight
for fruits from Compostela, Nayarit, which were stored at
16∘C. These differences in total phenol concentration could
be influenced by geographical origin, cultivar, harvesting,
and storage time, as well as the sample extraction methods
[39].

3.8. Polyphenol Oxidase (EC. 1.14.18.1; PPO). As the enzy-
matic activity of PPO increased during the ripening of the
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Figure 3: Total phenol content (a) and enzymatic activity of PPO (b) and PME (c) in fruit from two selections of soursop stored at two
temperatures, 22 and 15∘C. Each point represents the average of 6 observations and their standard error. The dotted line indicates the end of
refrigeration.

fruit stored at 22∘C, the fruit from selection G1 increased
initial activity from 4.97 to 8.64U on the sixth day (Fig-
ure 3(b)), while the fruit from selection G2 initially presented
activity of 3.0U, which increased to 10.62U by the sixth
day (Figure 3(b)). Selection G1 presented significantly (𝑃 ≤
0.05) greater enzymatic activity for PPO than selection G2
(Figure 3(b)). Studies undertaken by de Lima et al. [32]
indicate that, during ripening, the enzymatic activity of PPO
in soursop fruit increases from the first to the fourth day of
evaluation. LimaDeOliviera et al. [40] report that the activity
of polyphenol oxidase is low in totally ripe fruit, which is
attributed to the low likelihood of darkening, as the ripening
process advances. While darkening of the soursop fruit pulp
from both selections studied in this investigation was not
quantifiable, a low but significant correlation (∗𝑃 ≤ 0.05) was

observed between the total phenol content and polyphenol
oxidase (𝑟 = −0.27∗).

Selections G1 and G2 stored at 15∘C for 4 days and
transferred to 22∘C registered an increase from 2.83 to 10.29U
(G1) and from 9.32 to 12.81 U (G2) (Figure 3(b)). The analysis
of variance determined significant differences (𝑃 ≤ 0.05)
between the selections (Figure 3(b)). There are no reports
on the behavior of the PPO enzyme in soursop fruits stored
at refrigeration temperatures; selection G2 demonstrated a
higher level of activity in this study, an important parameter
to consider in selecting materials for fresh consumption or
industrialization.

3.9. Pectin Methylesterase (EC. 3.1.1.11; PME). During the
ripening of fruit stored at 22∘C, the PME activity of selection
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G1 increased by 88.9%, from 19.6 to 177.6U (Figure 3(c)).The
PME activity in fruit from selection G2 registered an increase
from 17.39 to 128.47U (86.46%) by the fourth day, after
which activity decreased to 54.61U (Figure 3(a)). Studies on
PME activity in the soursop are rare, with reports indicating
that PME activity increases when the fruit attains ripeness
compared to fruit that is physiologically mature, due to the
degradation of pectic substances [29]. PME catalyzes the
hydrolysis of pectin methyl esters, due to the fact that it
decreases the degree of esterification, reducing intercellular
adhesion and tissue stiffness [41]. PME activity correlates
negatively (∗∗∗𝑃 ≤ 0.001) and significantly (𝑟 = −0.65∗∗∗)
with firmness. Thus, with a high level of firmness, PME
activity was low, while when PME activity was high, firmness
was low. The enzymatic activity of PME in the fruit stored
at 15∘C from selection G1 demonstrated a 28.17% increase in
PME activity, from 54.61 to 76.03UA (Figure 3(c)), while the
activity recorded for selection G2 decreased by 12%, from
52.12 to 46.31 U (Figure 3(c)). Significant differences (𝑃 ≤
0.05) were found for the two groups, in which selection
G2 registered a higher level of activity (Figure 3(c)). Ketsa
and Daengkanit [42] propose a correspondence between an
increase in the production of ethylene and the metabolic
activity of PME, which is then related to the decrease in fruit
firmness. Lima et al. [29] report that the greatest increase in
PME activity occurs between the third and fourth day, and,
by the end of the experiment, the activity was 23 times higher
than the initial level. This behavior is not always observed,
in that total PME activity can decrease, remain constant, or
increase during ripening, depending on the type of fruit and
the extraction method.

4. Conclusions

Theripening of soursop fruits is characterized by the presence
of maximal CO

2
and ethylene levels, with increases in the

concentration of total soluble solids and titratable acidity,
as well as a decrease in weight and firmness. Weight loss
was seen to be affected by the storage conditions. The G1
and G2 selections stored at 15∘C presented a lower level of
accumulated weight loss. The G1 selection stored at 22∘C
demonstrated a greater concentration of total soluble solids,
while the G2 selection stored at 15∘C presented the highest
concentration of total soluble solids. The G1 selection stored
at 22 and 15∘C demonstrated the highest level of titratable
acidity.The concentrations of phenolic compounds decreased
by the end of the ripening process, with the G2 selection
exposed to 15∘C presenting a lower concentration of phenolic
compounds. PPO and PME activity are observed to increase
during the days subsequent to harvesting, with PPOandPME
activity greater in selection G2 during storage at both 22∘C
and 15∘C.

Storage at 15∘C did not affect the biochemical pro-
cesses related to ripening, and evaluating the variables, the
fruit observed at this temperature did not present chilling
injury. The shelf life of the fruit increased to up to 8 days,
while conserving the organoleptic properties of ripened
fruit.
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Staphylococcal enterotoxin I (SEI) is associated with staphylococcal food poisoning, but little is known about different food
preservatives on the production of SEI. In this study, the effect of different food preservatives (sodium nitrite, polylysine, chitosan,
and tea catechin) on the bacteria growth, sei gene expression, and extracellular SEI production of Staphylococcus aureus isolate H4
was detected in tryptone soya broth (TSB) culture. Our results showed that all of these preservatives depressed S. aureusH4 growth
and the order of inhibitory effect was 0.8 g/L tea catechin > 6 g/L chitosan > 0.25 g/L polylysine > 0.4 g/L tea catechin > 0.15 g/L
sodium nitrite. Furthermore, 0.25 g/L polylysine or 0.15 g/L sodium nitrite did not significantly alter sei gene transcription, while
6 g/L chitosan obviously increased the relative mRNA level of sei gene expression. 0.4 g/L tea catechin remarkably inhibited sei
gene transcription. In addition, 0.15 g/L sodium nitrite and 6 g/L chitosan significantly enhanced SEI secretion. 0.25 g/L polylysine,
especially 0.4 g/L tea catechin, sharply inhibited the level of SEI secretion.The results indicated that tea catechin not only suppressed
Staphylococcus aureus growth, but also inhibited SEI production and secretion, suggesting that tea catechin may be better than
sodium nitrite, polylysine, or chitosan for keeping the food from the contamination of SEI. These investigations would be useful
for food industry to provide safer food products due to S. aureus enterotoxins-related control strategy.

1. Introduction

Staphylococcus aureus (S. aureus) is a major bacterial
pathogen that causes clinical infection and foodborne ill-
nesses [1]. The organism is robust, which permits it to grow
in many types of foods improperly prepared or stored and
to produce staphylococcal enterotoxins (SEs). SEs are the
causative agents of staphylococcal food poisoning (SFP) [2].
Even though the bacteria can be killed throughheat treatment
of the food, the SEs are heat-resistant. Thus, although the
bacteria are eliminated, the toxins will remain in food and
subsequently cause SFP [3].

To date, more than twenty-four SEs and staphylococcal
enterotoxin-like proteins (SEls) have been identified and
designated SEA to SElY [4–6]. These SEs/SEls have been
traditionally subdivided into classical (SEA to SEE) and new
type (SEG to SElY). It is supposed that SEs are the toxins
that elicit emesis; the related SEls either lack emetic activity

or have not yet been examined [4]. In recent years, several
studies indicate that SEG and SEI may be responsible for
cases of SFP in humans [7–9]. However, commercial kits
for immunological detection of SEI protein are not available
currently [10, 11]. Thus, there is very limited data on the
production of SEI.

Food preservatives are widely used to reduce the risk
of food poisoning. Conventional preservatives are synthetic
chemical substances such as sodiumnitrite, sodiumbenzoate,
and potassium sorbate. Because of side effects, the use of arti-
ficial preservatives is being reconsidered [12]. With growing
consumer demand for natural preservatives to replace chem-
ical compounds, new antimicrobial products of various ori-
gins are being developed, including animal-derived products
(lysozymes, lactoperoxidase, chitosan, antimicrobial peptide,
and others), plant-derived products (polyphenolics, essential
oils, plant antimicrobial peptides, and others), and microbial
metabolites (nisin, natamycin, 𝜀-polylysine, organic acid, and
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others).These products must be investigated for the potential
to control foodborne pathogens in foods.

In this study, comparative effects of several food preser-
vatives: sodium nitrite, polylysine, chitosan, and tea catechin
on bacteria growth, sei gene expression, and extracellular
SEI secretion from a penicillin-resistant S. aureus isolate H4
associated with food poisoning were detected to assess these
products for use as antimicrobial agents in food preservation.

2. Materials and Methods

2.1. Bacterial Plate Counting. S. aureus strain H4 (penicillin-
resistant) was isolated from vomitus of hospitalized patient
associated with food poisoning in Chongqing, China [13].
2 × 105 CFU S. aureus H4 was inoculated in 250mL tryp-
tone soya broth (TSB) medium supplemented with different
food preservatives at maximum permissible concentrations
(0.15 g/L sodiumnitrite, Sichuan Jinshan Pharmaceutical Co.,
Ltd., China; 0.25 g/L polylysine, Zhengzhou Tianfeng Food
Science and Technology Co., Ltd., China; 6 g/L chitosan,
Zhengzhou Tianhe Biological Science and Technology Co.,
Ltd., China; and 0.8 g/L tea catechin, Zhengzhou Green
Banko Trade Ltd., China) according to Food Safety Law of
the People’s Republic of China (GB2760-2014). In addition,
0.075 g/L (1/2x) and 0.0375 g/L (1/4x) sodiumnitrite; 0.125 g/L
(1/2x) and 0.0625 g/L (1/4x) polylysine; 3 g/L (1/2x) and
1.5 g/L (1/4x) chitosan; and 0.4 g/L (1/2x) and 0.2 g/L (1/4x)
tea catechin were also used. After incubation at 37∘C with
shaking at 150 revolutions per minute (rpm) for 24 hours,
1mL cell suspension was collected for viable plate counting
and the best doses of the food preservatives were chosen.
Then 2 × 105 CFU S. aureus H4 was inoculated in 250mL
TSB medium containing the food preservative at the best
concentration for 12, 24, and 48 hours, respectively. 1mL cell
suspension was also harvested for viable plate counting.

2.2. Real Time Quantitative PCR. Real time quantitative PCR
was employed to detect relativemRNA level of sei in S. aureus
H4 treated with food preservatives. After incubation for 24
hours, 200mL cell suspension was collected and centrifuged
at 10,000𝑔 for 15min. The supernatant was harvested for
the following SEI protein quantification and the cells were
lysed by TE buffer (10mmol/L Tris-HCl, 1mmol/L EDTA,
pH = 8.0) supplemented with 3mg/mL lysozyme. Total
RNA was extracted with TRIzol� reagent (Tiangen, Beijing,
China) according to the product protocol. The concentration
of RNA was detected in a spectrophotometer (Biowave II,
Biochrom, UK) and 2 𝜇g RNA was used to synthesize cDNA
by reverse transcription with a PrimeScript� RT reagent Kit
(Fermentas Life Science, Hanover, MD, US) as described in
the manufacturer’s instructions.

Real time fluorescence-based quantitative PCR was per-
formed in a fluorescence temperature iCycler (Bio-Rad,
Hercules, CA, USA).The specific primers for sei gene that we
previously cloned (GenBank accession number: KT853046.1)
were sei-qF: 5-TGCCTTTACCAGTGTTATT-3 and sei-
qR: 5-AGGACAATACTTAAATTCTGCT-3. These primers
were designed with Primer Premier 5.0 software and the
specificity of the primers was assayed by PCR. Conditions for

PCR amplification were 120 s at 95∘C, followed by 39 cycles
of 10 s at 95∘C, 30 s at 55∘C, and 30 s at 72∘C. The threshold
cycle (CT) was analyzed with a 2−ΔΔCt method [14]. FtsZ
(primers: FtsZ-F 5-TGAAGATGCAATCCAAGGTG-3 and
FtsZ-R 5-GTTAATGCGCCCATTTCTTT-3) was used as a
loading control for normalization.

2.3. Double-Antibody Sandwich ELISA. Double-antibody
sandwich ELISA was developed for detecting SEI secretion
from S. aureus H4 with food preservative administration as
previously described [13]. In brief, 2.89𝜇g/mL monoclonal
antibody against SEI in PBS was coated into microtiter plate
overnight at 4∘C; the plate was blocked with 5% skimmed
milk in PBS at 37∘C for 60min. 0.1mL supernatant of S.
aureus H4 collected at the 24th hour was added to each well
at 37∘C for 60min, washed extensively with PBS contain-
ing 0.05% Tween-20, followed by incubation with 0.1mL,
polyclonal antibody against SEI (dilution 1 : 1000) at 37∘C
for 60min, and washed again. Then, 0.1mL, goat anti-rabbit
IgG-horseradish peroxidase (dilution 1 : 6000, Santa Cruz,
USA) was added to each well at 37∘C for 60min and washed
again. Thereafter, 0.1mL of substrate tetramethylbenzidine
(TMB) solution was used, and, finally, H2SO4 was employed
to terminate reaction. The measurement was carried out at
450 nm photometrically.

2.4. Statistical Analysis. Data were presented as mean ± SEM
and the differences between food preservatives treatments
and controls were statistically analyzed using SPSS13.0 (SPSS,
Chicago, IL, USA).

3. Results

3.1. Bacterial Plate Counting. The number of S. aureus H4
with different food preservative treatments was determined
by viable plate counting as shown in Figure 1. All of these
preservatives depressed S. aureus H4 growth, especially at
maximum permissible concentrations (Figure 1(a)). It is
noteworthy to mention that 0.8 g/L tea catechin absolutely
disrupted bacteria after 24-hour incubation; thus, the con-
centration of tea catechin was adjusted to 0.4 g/L. Thereafter,
the best dose of the food preservative for the following
study or comparison was 0.15 g/L sodium nitrite, 0.25 g/L
polylysine, 6 g/L chitosan, and 0.4 g/L tea catechin.The order
of inhibitory effect was 6 g/L chitosan > 0.25 g/L polylysine
> 0.4 g/L tea catechin > 0.15 g/L sodium nitrite from 12- to
48-hour incubation (Figure 1(b)). Therefore, it seemed that
natural preservatives: chitosan, polylysine, and tea catechin
were more efficient than chemical compound sodium nitrite
in inhibiting S. aureus growth.

3.2. Effect of Food Preservatives on sei Gene Transcription.
Furthermore, relative mRNA level of sei gene expression in
S. aureusH4 was detected by real time quantitative PCR.The
results indicated that 0.25 g/L polylysine (0.91 ± 0.12 versus
1.03 ± 0.3, 𝑝 = 0.207) or 0.15 g/L sodium nitrite (0.73 ± 0.16
versus 1.03 ± 0.3, 𝑝 = 0.56) did not significantly alter sei
gene transcription, while 6 g/L chitosan (2.29 ± 0.23 versus
1.03±0.3,𝑝 = 0.0046) obviously increased the relativemRNA
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Figure 1: Viable plate count of penicillin-resistant S. aureus strain H4 treated with different food preservatives. (a) 2 × 105 CFU S. aureusH4
was inoculated in 250mL TSB medium supplemented with 0.15 g/L (1x), 0.075 g/L (1/2x), or 0.0375 g/L (1/4x) sodium nitrite; 0.25 g/L (1x),
0.125 g/L (1/2x), or 0.0625 g/L (1/4x) polylysine; 6 g/L (1x), 3 g/L (1/2x), or 1.5 g/L (1/4x) chitosan; and 0.8 g/L (1x), 0.4 g/L (1/2x), or 0.2 g/L
(1/4x) tea catechin, respectively. After incubation at 37∘C for 24 hours, 1mL cell suspensionwas collected for viable plate count. (b) 2× 105 CFU
S. aureusH4was inoculated in 250mL TSBmedium supplemented with 0.15 g/L sodium nitrite, 0.25 g/L polylysine, 6 g/L chitosan, or 0.4 g/L
tea catechin for 12, 24, and 48 hours, respectively. Data were the mean ± SEM of three independent experiments (∗∗∗𝑝 < 0.001).
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Figure 2: Effect of different food preservatives on sei gene tran-
scription. S. aureus H4 was treated with sodium nitrite, polylysine,
chitosan, or tea catechin, respectively, as described above. At the
24th-hour incubation, S. aureus were lysed by lysozyme and the
mRNA was detected by real time quantitative PCR. Data were the
mean ± SEM of three independent experiments (∗𝑝 < 0.05, ∗∗𝑝 <
0.01).

level of sei gene expression. 0.4 g/L tea catechin remarkably
inhibited sei gene transcription (0.48 ± 0.11 versus 1.03 ± 0.3,
𝑝 = 0.043) (Figure 2). Thus, only tea catechin prevented sei
transcription.

3.3. Influence of Different Food Preservatives on Extracellular
SEI Production. In addition, the extracellular SEI production

was tested by double-antibody sandwich ELISA. As shown in
Figure 3(a), 0.15 g/L sodium nitrite (8.80 ± 1.41 × 10−9 ng/cell
versus 3.54±0.04×10−9 ng/cell,𝑝 = 0.038) and 6 g/L chitosan
(9.40 ± 0.42 × 10−9 ng/cell versus 3.54 ± 0.04 × 10−9 ng/cell,
𝑝 = 0.0034) significantly enhanced SEI secretion; SEI protein
increment by chitosan was consistent with the result of PCR,
while 0.25 g/L polylysine (2.90 ± 0.14 × 10−9 ng/cell versus
3.54 ± 0.04 × 10−9 ng/cell, 𝑝 = 0.043), especially 0.4 g/L
tea catechin (1.70 ± 0.07 × 10−9 ng/cell versus 3.54 ± 0.04 ×
10−9 ng/cell, 𝑝 = 0.0008), sharply inhibited the level of SEI
secretion. Among these food preservatives, tea catechin not
only downregulated sei gene transcription, but also depressed
its protein secretion. On the other hand, except sodium
nitrite, all of the three natural food preservatives remarkably
decreased total extracellular concentration of SEI in TSB
culture (Figure 3(b)).

4. Discussion

Nowadays, consumers want more convenient, ready-to-eat
food. Convenient food offers a suitable growth environment
for S. aureus, an important pathogen associated with food-
borne diseases including toxic shock syndrome and food
poisoning by secreting a wide variety of SEs/SEls [15]. In
order to produce high-quality, microbiologically safe food for
consumers, data on SEs/SEls production in foodpreservatives
environments are needed to improve existing understanding
about the growth and survivability of S. aureus in liquid
cultures.

In this study, we evaluated the effects of sodium nitrite,
polylysine, chitosan, and tea catechin on the growth of S.
aureus H4. All of tested preservatives inhibited bacterial
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Figure 3: Influence of different food preservatives on extracellular SEI secretion. S. aureus H4 was administrated with sodium nitrite,
polylysine, chitosan, or tea catechin, respectively, as described above. At the 24th-hour incubation, the level of SEI in supernatant of S. aureus
H4was tested by double-antibody sandwich ELISA. (a)The level of SEI produced by per bacterium. (b)The concentration of total extracellular
SEI (∗𝑝 < 0.05, ∗∗𝑝 < 0.01, and ∗∗∗𝑝 < 0.001).

growth and 0.8 g/L tea catechin was lethal to S. aureus. After
24 h incubation, the numbers of bacterial cells were as control
> 0.15 g/L sodium nitrite > 0.4 g/L tea catechin > 0.25 g/L
polylysine > 6 g/L chitosan. It seemed that the three natural
food preservatives were more effective in inhibiting bacterial
growth than the chemical food preservative sodium nitrite at
these concentrations.

Furthermore, sei expression was investigated by real
time quantitative PCR and ELISA method, respectively. The
traditional point was that SEs production was correlated
with bacterial growth, the more bacterial cells, and the
more toxins. Thus, the number of bacterial cells was usually
counted to determine the level of SEs production. In our
study, tea catechin, polylysine, and chitosan indeed reduced
the total content of SEI, which was consistent with the
decrement of bacterial cell numbers. Even though sodium
nitrite inhibited S. aureus growth, it did not decrease SEI
production, which indicated that bacterial growth and SEI
production was decoupled. Chitosan, a linear biopolymer
composed of 𝛽-(1-4)-linked N-acetyl-D-glucosamine, is a
deacetylated derivative of chitin [16]. Chitosan has been
recommended as a potential candidate for targeting antimi-
crobial agents due to a broad spectrum of antimicrobial
activity and biocompatibility [17–19]. In this study, chitosan
had a good inhibitory effect on the bacterial growth and had
the potential to control bacterial cell number; however, it
increased the relative mRNA level of sei gene expression and
enhanced the SEI secretion, which indicated that chitosan
might be not effective to control the staphylococcal entero-
toxins production.

On the other hand, polyphenols in tea include catechins,
flavonoids, tannins, and theaflavins. These compounds pro-
vide potential health benefits [20]. Catechins are composed of

epigallocatechin-3-gallate (EGCG), epicatechin, epicatechin-
3-gallate, and epigallocatechin. The main active ingredient
EGCG accounts for approximately 59% of the total catechins
[21]. A report suggested that negatively charged EGCG
exerts its antibactericidal activity by binding to the positively
charged lipids of the bacterial cell membrane, leading to
damage to the lipid layer [22, 23]. Another report indicated
that tea catechin EGCG inhibited SEB production in dose
and time dependent manner [24]. Further work is needed
to determine the effects of tea catechin EGCG on differ-
ent SE production and whether EGCG has neutralization
properties against other staphylococcal superantigens. In
our experiment, tea catechin not only sharply inhibited S.
aureusH4 growth, but also depressed seimRNA and protein
production, which was consistent with Hisano’s report.

Taken together, we detected and compared the effects of
food preservatives: sodium nitrite, polylysine, chitosan, and
tea catechin on penicillin-resistant S. aureus H4 growth and
SEI production. Our results indicated that natural preser-
vatives exerts higher antibacterial activity than chemical
compound and tea catechin was the most efficient among
the four kinds of food preservatives in inhibiting S. aureus
growth and SEI production. The investigation was useful for
food industry to provide safer food products due to S. aureus
enterotoxins-related control strategy.
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