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extracts of Josrophs divice (J. divice) (Dragon’s blood), Floveansia cernss (F. mm)tl‘atbml:]
Eucalypius camaldulensis (E. camaidulensis) (Eucalyptus) and Turners diffusa (T. diffusa)
{Damiana). RMethods: TPC was evaluated by the well-lmown colorimetric assay using Falin—
Ciocalteu rengent. The aticxidant activities were assayed by three methods based on seavenging
of DPFH, ABTS and by lipid oxidation inhibition. The chemical composition of the exiracts
obtained was subject to HPLC analysis. Resnlis: TPC in the plant extracts ranged from 2.3 to
14.12 myg gallic acid equivalentafg for J. divica and E comaldulmmsis, respectively. The plant
extiacts of F. cernna, E. comoldidensis and T, diffiese showed mimilar strong antioxidant activities
on seavenging of DPPH and lipid oxidation mhibition. In contrast, J. disice extmcts had lowest
potential antiexidant in three assays used. HPLC asany showed the pressnca of several phenalic
compounds in the extrects used. Concloslons: The results obtained suggest that F. cernua,
E. eamaldulensis and T. diffusa are potential sources to obtain hicactive phenclic compoands
with high anticecidant propexties which can be used in the factories as antioxidant agents or for

treatresnts in dissases.

1. Introduction

Recently aynthetic products are being reatricted in the
industries, because of harmiul effects obeerved such as
human texicity and envirenmental pollutionll] and hesides
have been reparted to be carcinogeniciz?. Additionally,
industries particularly for safer products ate presentedil,

From this point of view, an increasing tendency towards
the uee of natural products instead of synthetic products
has been ohserved in a high demand for food, cosmetics
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and pharmaceutical manufacturers. For thousand years the
plant natural products have been used in the medicine,
cosmetics, nutrition and flavoring without or less harmful
effects. Thus, plant extracts appear to be a feasible
alternative for this problem and the industries have put the
attention in the bioactive phytochemicals present in the
plants.

Generally, phytochemicals present in the plant extracts
are nontoxic, effective at low concentrations, low cost and
friendly with the environment. Besides, recent studies have
shown that the ingestion of vegetables, fruit and herbs
is associated with prevention of some bactericidal, anti-
viral, analgesic, anti-inflammatory and anti—carcinogenic
disorders, due to their antioxidant activitiesl3-7]. In the
food industry, phytochemicals are interesting due ta these
compounds retard oxidative degradations of lipids, improve



Jurge K. Wany

the faod cuality and nutritiomal valuelS] and contributing to
prevent microbial deterioration(48-10],

Plant exiracte consist in a complex mixture of several
compounds as aleohols, esters, aldehydes, ketones,
carhohydrates, terpenes, polyphenals, eieflll. In addition,
crude exiracts, purified fractions and pure compounds
have already been used in an antioxidant approaches(i2]
and several responses have been obtained. Generally, there
is not eompound or extract that can be used s universal
antioxidant. However, nowadays iz necessary search
new aources and compound of specific antioxidants for
determined objectives. Phenolic compounds are commonly
reported to have the most antioxidant activityl1],

In this context, Mexico is an attractive country for its large
endemic plant variety. In the semiarid regions of Mexico
several plants take part of a great source of antioxidative
compounds, mainly because their ability to grown under
exireme climatic conditions(13.14), Thiz kind of plants have
developed in most cases a pool of chemical compounds
produced as secondary metabolites as environmental defense
mechanism. Chemical compounds of semiarid region plants
has been well studied to develop potential agents against
certain pathegenic and phytopatogenie microorganisms
present i the food and agriculiural industries.10.13-16]. In
addition, semiarid region endemic plantz are commonly
used in the Mexican traditional medicine. Among the
plants most used are: Jotropha dicics (]. disice} (Dmgon’s
Hoody, Flourensia cernua (F, cernuea) (Tar bush), Encalypries
camaldulensis (E. camaldulensiz) (Eucalyptus) and Ternera
diffusa (T. diffuss} (Damiana).

J. divica has heen used as analgesic in toothache and T,
diffusa an aphrodisiac(1?l. On the other hand F. cernua is
widely used to treat dimrhen, theumatism, venereal disense,
sares, bronchitis, chicken pox and common coldlis.18],
Nevertheless, actually there ia a lack of knowledge about
some plania that have not been exiensively studied and
neither theive phytochemical compounds which could be
used as antioxidants on control of certain discases or in the
focd industry. Therefore, the purpose of this work was to
evaluate the extraction conditions, antioxidant potential and
chromatographic profiles (HPLC) of extracts from J. dinica,
F.cernua , T. diffuse and E. camalduiensis.

2. Materiaks samd methods
2.1. Plant collection

Plant materials were proportioned by the company
Fitolimica Industrial de Mexico SA de CV (Table 1). The
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plants were transported to the Department of Food Research
at Universidad Autonoma de Coahuila, in black plastic bags.
Immediately the samples were dried for 2448 h at 60 T in
an oven (LABNET International, Ing.), The dry samples were
ground in a mechanical mill and acreened at 0.6—0.8 mm
size particle. The fine and dried powder wae stored in
black plastic bags with gealed hermetically and at room
temperatire imder darkness.

I'able 1

Source and tissue of the ||J;l|]l.- used.

Period of Tissue

recollection

Plant material Area of

recollection

J. divica Parras de la January, 2011 Stem and root
Fuente, Coahuila

F. cernua Saltillo, Coahuila February, 2011 Stem and leaf

E. camaldulensis Saltillo, Coahuila May, 2011 Leaf

T diffusa Saltille Coahuila  June, 2011 Stem and leal

2.2. Preparation of the plant sxiracts

Phenolic extracts wete obtained by heat—reflux extraction
system evaluating two independent factors. Tt was necessary
to select the best extraction time to assure the complete TFC
extraction. Then, the first factor evaluated was the extraction
time of heat—reflux. Mixtures of water and ethanol were
nsed becanse it is well known the phenolie compounds
are soluble in polar solvents as water and hydeoalesholie
solutions, in addition, ethanol is a safe solvent (FDA 2012
However pure water is not the best solvent for phenols
exiractions.20], Each dried powder sample (5 mg) (esues
ratio 1:1, w/w, where was necessary) were placed in an
Edenmeyer flask covered with alumirum foil to avoid light
exposure and mixed with agquesiz—sthanol (70%, v/v) @olid-
liquid ratio 1:4, wiv, except in J. disica, solid-liquid ratio
1:15, wiv was used). The mixture of the material vegetal and
solvent was heat—refluxed in & water bath at 60 C. A kinetic
study on the total phenclic content extracted was carried out
at different times: 0, 2, 4, 6, and 8 h of extraction.

Once selected the best extraction time the second factor
evaluated was the aqueous—ethanol concentiration. Three
aqueous—ethanol concentrations were tested: 0%, 35% and
0% (viv), where 0% is watet without sthanol. Then, the heat—
reflux exiraction was performed under the same conditions
ar in the first experiment.

After exitaction, sach exiract was fillored using a gauze for
eliminate the hig particles. Briefly, extracts were centrifuged
at 3 500 rpm during 10 min and snbsequent were filtered
through a filter paper dine pore, 0.45 1 m) under vacuum.
The filtered exiracts were dehydrated in an oven at 60 TC
for 24 h and the: extraction yields were abtained in dry base
(%, wiw). The diied extracts were stored at 4 C in o duk
place before their use in the quantification of total phenolic
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content, The experiments were performed in triplicates. In
all the nexi determinations the exiracis were re—suspended

in water {1 mg/mL}.
2.3. Determination of total phenols content (TPC)

TPC was quantified according the methodology reported
by Makkei2!] with some modifications(22], Firet, 300 p L
of the sample were mixed with 800 p L of Folin—Ciocalteu
Teagent Sigma—Aldrich), shaken and left for 5 min, Then 800
2 L of Na,CO, ©.01M) were added and shaken and left for
5 min again. Finally, the solution was diluted with 5 mL of
distilled water and the absorbance was read at 790 nm, TPC
was expressed as gallic acid equivalents per gram of vegetal
material (mg GAE/p).

2.4. Anticidont activity

Antioxidant activity was measured in the exmtracts that
presented the higher amount of total phenolic content in
each vegetal material for three methodologies (Table 3.

Table 2
Extraction yi:'hl and total phl'lluﬁi' content of the extracts obtained in
the kinetic of extraction.

Plant material Extraction time Extraction Total pht'nulil' content

ih) yvield (%) (mg GAE[e )
I dioica 2 9.89+0.15 2.1+0.30
F. cernua 2 11.03+0.87 7.9+0.93
E. camaldulensis 2 14.85+0.58 12.8+0.96
T. diffusa 2 9.64+3.11 2.5+0.52

Note: All values are 1'i\pl'l-.-.='|'1! as mean+30 of three I't'|1|i1'5|lt'.-'_
Resultz of 4, 6 and 8 h not shown because no difference were observed
at P<0.05.

Table 3
Effect zolvent concentration on the extraction yield and total
|m]) |Jht'[1ll|il' content.

Plant material .-\1|llt'lrll.~=-—t'lhill'|ul Total JJ[]L'I!U“P content

{mg GAE/g)

coneentration

. divica 0% 1.36"
359 1.55"
709 2.34°
F. cernua 0% 2.09"
356 10.24"
T0% 7.95*
E. camaldulensis %% 9.56"
359 14.12%
T0% 12.88"
T. diffusa 05 2.59"
359 4,707
70% 2.54"

Note: Values followed by different lower—case letters are significantly
different at P<0.03.

# Extracts selected for the antioxidant activ i1) ASBAVS.
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2.4.1, 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical

First, the antoxidant activity in the extracts was evaluated
g8 the DFPH free radical-scavenging activity. This assay was
following the method reported by Molynemnf®: briefly, the
solutiom of free radical DFPH (2.9 mL, §0 (M, in methanol)
was added to the sample (0.1 ml) and the contrels ©.1 mL
of water) respactively. The reaction was 30 min standing in
& dark room at reom temperature and after the absorbance
waa measured at 517 nm on a Cary—50-Bio Varian
spectrophotometer. The free radical-scavenging activity of
the extracts was expresaed as pereentage inhibition of DPPH
andd was calculated acoording to the formula:

i P . ((:_llln_sulln}
Percentage inhibition of DPPH= ——— 10

“ahs

where Caha is the control absorbance and Saba is the
gample absorhance.

2.4.2. ABTS (2,2-azino-bis 3 ethyl benzothiczoline—6-
ABTS radical cation was prepared adding potassiom
persulphate solution {2.45 mM) and an ABTS aqueous
galution {7 mM) and etend in the dark at rom temperaturs
for 12 h before use, After 12 b, the finsl sclution was diluted
with ethanol to an absorbance of 0.70£0.02 at 734 nm.
Briefly, the exiract (50 # 1) or the comntrol (50 M L of waten
was mixed with ABTS solution (1 mL) and immediately the
time was taken and the ahbsorbance was read after 1 min
using a Cary—50-Bio Varian spectrophotometer. The sample
ahsorbance was compared with the control absorbance.
The total antioxidant capacity was calculated rs percent
inhibition of ABTS mdical using the following equation:

((:.Illr\_sull.'l:\-}

iahs

Percentage inhibition of ABTS= %100

where Cabe is the conirol absorbance and Sabs is the
sample abaorhance[24],

2.4.3. Lipid oxidation inhibitior assay

The potential antioxideant of the extracts was ohtained by
lipid exidntion inhibition assay with the finglity of measure
the antioxidant activity in a medium close to lipids in a
biological ayateml6]. First, the linoleic acid solution was
prepared by placing 0.56 g of linoleic acid and 1.5 g of Tween
20 in 8 ml of ethanol 6%, v/v). Then, the plant extract (50 L
waz mixed with linoleic acid solution 100 (+1) and acetate



Jarge E. Wan

bufer (1.5 mL, 0.02 M, pH 4.0). Controls contained 50 0L of
distilled water. The samples were homogenized in vortex and
incubated st 37 "C for 1 min. Once achieved 1 min, 750 2L
of 50 M FeCl; solution {0.05% 4 g Fell, and 0.168 g EDTA
diluted to 1 L with distilled water} were added to induce the
lipid oxidation and ineuhated for 24 h at 37 C. Two aliquots
@250 #¢ L) were withdrawn during this period, at 1 and 24 b,
Each alicquot was processing in the mament ps following: the
aliquot were added to NaOH solution (1 mL, 0.1 M, in ethanal
at 10%, v/¥) to stop the oxidation process; after ethanol 2.5 ml.,
10%, v/v) was placed to dilute the sample. Then, the
aheorbance: of the samples was measured at 232 nm. Ethanol
(10%, vfv) was used as hlank, Percent inhibition of linoleic
acid oxidation was calculated with the following equation:

(A-DB)

Lipid oxidation inhibiton(%)= %100

where A ig the difference between the ahsorhance of
the control sample (distilled water) after 24 h and 1 h of
incubation, and B is the difference between the absorbance
of each exiract sample after 24 h and 1 h of incubation(zs.

2.5, High performance limad chromatography analysis

The characterization of the phenols compounds present
in the selected exiracis (Table 3) was carried oul using
high performance liquid chromatography (HPLC) analysis
following the method reported by Ruiz & alll8l, A Varian
Pro—Star 330 with DAD detector and Photediode detection
at 280 nm was used. Fractionation of the samples was
petformed on an Optisil ODS column (5 ¢ m, 4.6 mm x 250
mm) under following analytical conditions: using a mobile
phase congisting of 3% acetic acid and acetonitrile, during
25 min with flow rate of 1 mL/min (sample previously
filtered through a 0.22 1 m nylon membrane; with injection
volume of 10 12 L), All the standard solutioms of the different
phenolic compounds used were injected under the same
conditions.

2.6, Statistics analysis

The experiments were estahlished under a blocks
completely randomized design for which material vegetal
independently. The dates were transformed by log X and
analyzed using the software SAS V 9.0, where the comparison
test of means of multiple range Tukey (a = 0.5) was nsed. In
the graphic the dates observed are the true values.

Pz et al MAsien Pactfic Journal of Tropieal Medieiee (2005 0004-111 1 t)?

3. Resuits
3.1. Exiraction of iotal phenols content

The kinetic extraction of polyphenols allowed te establish
the time required for recovery the TPC maximum (Table
2). In the four plants was noted that exist a gignificant
difference in the TPC in the control time (0 h) compared
to other exiraction times (2, 4, 6 and £ h). However, no
significant difference was found in the times 2,4, 6 and 8 h
in four plants evaluated. Thus, with the purpose of select
the suitable time for extraction of phenals, the productivity
in each vegetal material was determined Figure 1. It was
obsetved in all cases that the productivity was higher at 2 h
of extraction and decrensed at rest of the times evaluaied.
Using this analysis was poasible select Z h of extraction
time as the suitable time for the TPC extraction in the four
plants and it was used in the evaluation of the second factor,

aqueous—ethanol concentration.
' . CHD
2 b
5 Han
= Ui‘ll

I
=

mg GAE.g

T diffuuse

E. vamaldulensis

Fignre 1. Productivity of the heat—refhux system.

The second factor evaluated was the aqueons—ethanol
concentration on the extraction of polyphenols from the four
plant used. In this experiment, the extraction of TPC from E.
camaidulensis, F. cemue and T. diffuse showed a quadmtic
effect (Table 3). When aquecus—ethanol ecncentration was
increased from 0% to 35% (v/v) more phenolic ecmpounds
were extracted. But lower TPC yield was observed when
aqueous—ethanol concentration was increased until 70% o/
v, On the other hand, in J. divica extracts was observed
an incresse in the TPC exiracted which was proportional at
the increase of aqueous—ethanol concentration (Table 3).
It is possible to mention that under the suitable conditions
of extraction time and aqueous—ethanol concentration, E,
eamaldulensis and F, cernua were the species with higher
amount of TPC while T. diffuse and J. divica were the
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species with lower TPC yield content (Table 3).
3.2. Antizxidant capacity of the exiracts

Four plants of the semiarid Mexican regions were used to
assesn the antioxidant petential by three methods.

3.2.1. Free radical scavenging activity on DPPH

Figure 2a shows the DFPH scavenging activity of the
exiracts obtained under the TPC suitable extraction
conditions for the four plants. F. cernua, E. camaldulensis
and 7. diffusa extracts had similar capacity antioxidant
ranging between 76.03% to 91.96%, These results were
higher {70%) that obtained for J. divica [(15.4041.88%]. To
our knowledge, there are not conciee siudies to compare the
J. digica potential antioxidant. On the other hand, Salazar
& alll3] evaluated the antioxidant activity using the DFPH
assay in F. cernua and T. diffusa reporting values ranged
fram 75.3% to 86.8% and from 27.9% to §8.1%, respectively for
individual tissues. It is secording with our indings since we
used a mix of the tissues where antioxidant capacity of each
tiasue was slight modified.

3.2.2. Free radical scavenging activity on ABTS

Antieridant activity in the extracts was also investigated
using the well-known ARTS method. The results in ABTS
asgays show that only E. comaldulensis exiract maintained
a high antioxidant setivity very similar in both DPPH and
ABTS anssays with radical inhibition of 8% approxzimately
under the condition nsed. While, F. cernuz and T. diffusa
extracts were more effective in DPPH radical scavenging
than ABTS radical scavenging with a loss of 50% in the
antioxidant activity decreasing from 80% in DPPH assay to
30% in ABTS masay in hoth cases (Figure 2). In contrast, J.
dicice extract had a negligible increasing of 9% inhibition
approximately when the ABTS assay was evaluated. In
general terms, K, camaldwlensis extract showed more free
rudicals scavenging capacity as antioxidant actvity.

v Facific Jorenal
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3.2.3. Lipid oxidation inhibition assay

In the light of the differences among the wide number of
test systens available for the anticxidant activity, the results
of a single—assay can give only & limited sugpestion of the
antioxidant properties of plant extracts[2526], In this study,
three asaays were carried out for have a better interpretation
of the antioxidant activities of the abtained extracts.
Figure 2c showa the inhibition aetivity of the extracts
againat linoleie acid peroxidation caused by FeCl; as an
cxidant initistor. In this asaay the values obtained without
antioxidants were taken for 100% lipid peroxidation. As do
DFPH and ABTS asaays, lower values (13.95%) were obtained
with J. divica extract at the concentration used, The rest
of the exiracts (F. cernua, E. camaldulensis and T. diffusa)
presented an average of 65% in the lipid exidation inhibition,
Anew E. camaldulensis extract maintained good antioxidant
activity compared with the other extracts, These last findings
for E. cemaldulensis extract in the lipid oxidation inhibition
are cloge to results in the DPPH assay.

100

|0
14}
40
20

0

Jl' e Foeermua E_camaldidensis T.difus

] . l l
]

Jdioka  Fooermun Ecomaldulensiz Todifussn

(21]
40
20

(1]

arilddiidensis

ABTS mdical inhibitiomd%) DPPH mdical inhibition{%)

s Toedifussn

Lipid axidation inhibition{%)

Figure 2. Antioxident activity of the phenolic extmets selected (1 mg
dried extract/iml),

a) DFPH Free radical acavenging ackivity; b) radical cation ABTS+
acavenging activity; ¢ linoleie acid exidation nhibition.

Table 4
Phenolic compounds detected by HPLC assay in the different extracts selected.
STD PG GA RS CHA CUA CAT HA EA QF ClA
J. dioica - - - - - - - - - - -
F. cernua - - - g - -+ = - - =
Extracts g umaldulensis — - - - - - - - - -
T. diffusa - - - - - - - - - + -
RT 6.5 746 9.51 11.05 12.99 15.09 15.65 17.76 18.83 20.11 21.05

Retention time {RT), stand: IllI (STD), pyrog: allol (PG). zallic acid (GA), resorcinal (RS), th]ulu renic acid (CHA), me I|'|\l aallate (M), coumaric

acid (CUA), catechin (CAT),
{=1.

—hydroxycinnamic |cH] (HA), ellagic acid (EA), quercetin {QE), cinnamic acid (CIA), pl-c-i nee (+) and absence
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3.3. HPLC assay

Using the HPL analytical assay was possible detect and
confirm the presence of the some phenolic compounds in J.
divica, F. cernua, T. diffusa and E. camaldulensis extracts.
Table 4 shows a summary of the analyzed samples. It was
noted that only J. dioica extract presented none phenclic
compound. Possibly because of this is a crude extract and
no purified then the phenolic compounds are present in
low concentration. Nevertheless, recently Aguilera et alf27]
confirmed the presence of ellagic acid by HPLC in a
methanolic hydrolyzed extract in some arid Mexican plants
including F. diciea, F. cernua and T. diffissa. However, these
authors repotted that the concentration wow low (1.8-2.5 mg/
g. On the other gide, the HPLC assay in the others three
exiracts, in special F, cernua, permitied to detect almost one
compound (Table 4). Ruiz et al{1*] studied the phytochemical
profile of the F. cernua extracts and fractions, reporting two
important phenolic compounds namely 2-hidroxicinnamic
and ellagie acids. In our sereening these compound wos not
detected. However, three different polyphenclic compounds
were clearly detected aa chlorogenic and eoumaric acids
and quercetin. Quercetin and catechin were identified in T.
diffuse and E. camaldulensis extracts respectively.

4, Discussion

The TPC extracted from each plant was very different
ameng plants despite of the extraction yields were similar
in all the samples, Similar reports have been published by
other authorsi28l, These authors chaserved that no existed
significant differences in the extraction yield evaluating
times from 3 to 8 h with heat—reflux system using other
plants. Hence, they concluded that highest quantity of
compounds extracted is achieved in a lesser time than
the times evaluated, Few studies had been developed
concerning the polyphenolic content from F, cermuea 29,30
Interestingly, in the present study was poseible to obiain
higher TPC. These differences in the results can be
attributed at solvent used in their studies as acetone and
hexane which extracted certain compounds of low or no
polarity. In contrast, in our study, the solvent employed was
aqueous—ethano] which in a solvent with higher polarity
and it is known that the most phenclic compounds are
pelar permitting easier the diffusivity in the ethanol and
water mixture. Other factor could affect pomitively the yield
exiraction was the partiele size. In our study was used a
small particle size between 0.6-0.8 mm, It is known that a

r—Paz et al Msien Pacific Journal of Tropieal Medicine (2005 0004-111
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gmall zize particle increase the contact surface in the vegetal
material and therefore, incrensss the extraction yields of
the target compoundsB1]. Our findings are also according
with previously reports by Caatillo et al(32], where these
authors reported J. dicica had lower values of TPC than T.
diffisa and F. cernua before and after fermentation. It is
well documented that phenol content in the plants varies
depending the specie, the plant tissue and environmental
factors ne tempemtures, water siress, light conditions ns
well aa phenological developmentiz0l. It explains the large
differences obtained among the plants used.

It is interesting to note that deapite of that T. diffise
extract had lower TPC levels respect to ¥, cornua and
E. comaldulensis extracts, it showed a good potential
antioxidant. Several reporis have showed that the phenolic
compounds are not the unique phytochemicals to poasess
antioxidant propertiea3,

On the other hand Amakura et all34] evalnated the
antioxidant activity by DPPH assay of eucalyptus extract
and, gallic and ellagic scids isolated from the eucalyptus
extract. They obeerved that the isolated compounds had
higher antioxidant activity than BHA and BHT compounds
(synthetic antioxidants), isolated terpenes and phloroglucinol.
Finally, the authors concluded that the main antiexidant
activity in sucalyptus extract can be attributing ta gallic and
ellagic acids present in the extracts. As expose ahove, E,
camaldulensis extract maintained a high antioxidant activity
very gimilar in both DFPH and ABTS assays. These findings
shows that one or several anticxidant compounds present
in the E. camaldulensis extract have the capaeity to act in
two different mechanisma for the free radical scavenging
activity, through o single electron transfer renction (ABTS
assay)is3% and  hydrogen tremefer reaction (DPPH aseay)23.361
In thia sense, F. cernua and T. diffusa exiracts had more
capacity for donate a hydrogen atom instead of transfer an
electron. However, it ia important to note that antioxidant
compounds can regpond in 4 different manner to different
radical or oxidant compoundsi3?l. It could be sxplained
according the mechaniem of oxidation proposed by Huang
et alls] and Mishra et al36] for DPPH assay and Choe and
Ming{33] for lipid oxidation inhibition, both methods are
based on the oxidation process could be stopped when
another molecule have the capacity of transferring a
hydrogen atom to the radical. However, the assay lipid
oxidation inhibition is an antioxidant test siricter than DFPH
method due to chain reactions are Involvedsl. Hence, the
antioxidant compounds should be more specific, resistant
and higher stoichiometrically for atahilized the several kinds
free radical formed; hesides exist the possibility that extracts



110

had a low quantity of fat oxidant agents[39], It explains the
slight decrease in the lipid sxidation inhibition percentage
for F. cernua, E. camaldulensis and T. diffusa extracts.

Antioxidant activity and the phenol content of several
extracts had been correlated poaitively in several atndies
but, it still is not constant and dependent of the material
analyzed(19.24]. In this context, we can ohserve that E,
camaldulensis extract was the best antioxidant extract
and it is correlated with the bigger TPC ohaerved during
the quantification in the extraction process. In the aame
undezstanding J. disice extract was the sample with Lower
antioxidant capacity and TPC. Finally the antioxidant
activity and TPC in the four aamples tested were in the order
of E. comaldulensis > F. cernua> T. diffusec> J. divica.

The phenolic compounds found in the extracts had been
reparted to be powerful antioxidants present in vegetables
and fruitia1] and known as take part of the mechanism of
defense environmental in vegetables, fruit and herhal38.
Then, it was preaumed that the antioxidant activity in E.
camaldulensis, F. cernua and T. diffuss extracts could be
due to those typical phenolics.

The beiter exiraction conditions of total polyphenols were
cleatly associated to the antioxidant capacity in setiarid
region plants. The plant E. cemaldulensis wagr the better
antioxidant source in our study becanse it meintained the
great antioxidant potential in the three antioxidant activity
assays with electron transfer and hydrogen atom capaeity.
However to confirm the close mechanism is necessary
subsaquent studies as isolation compounds or fractionation
of the extract and characterization of the structures. To our
koowledge this is the first approach where the phenolic
articmidant activity in these arid Mexican plants is explored.
However, it is important to note that is necessary more
studies to determine the better conditions of use. Generslly,
we can supgest that the plants used are a natural source of
biocactive compounds of plant widely distributed in Mexico
of great value that could be used properly in the food,
pharmaceutical and cosmetic industries.

Conflict of interests

The authors disclose no conflicts.

Acknowledgements

Author J. E. Wong thanks to CONACYT for the finaneial
suppart of program Master in Foods Science and Technology
in UAdeC.

Jorge E. Wang—Paz et ol MAsian Pacific fomrnal

of Trapical Medicine (20050 004-111

References

[1] Oliveim 1, Sousa A, Ferreira [, Bento A, Esievinho L, Pereira JA.
Tatal phenals, antiszidant potential and antimicrobial ackivity of
waltut {Fuglons regic L} green husks. Food Ches Tarvicol 2008;
46: 2326-2331.

[2] Oh 8, Kim ], Jean H, Park J, Koh Y, Hur H, et al. Antifungal
activity of eucalyptus—degived phenolics againet postharvest
pathogens of kiwifruite. Plant Pathol J 2008; 24: 322327,

[3] Angulo MA, Armenta E, Garcfa RS, Carrilla JA, Salazar E,
Benigno J. Extracts of Swictenio humilis Zuee. seed with
antifungel activity in Rhisapus stolongfer (Ehrenb.:Fr.} Vuill. Rev
Mex Fitopatolag 2000, 2T7: 84-52.

[4] Osotie E, Flores M, Hemnéndes D, Yentura J, Rodrigues K,
Agnilar CN. Biological efficiency of polyphenclic extracts from
peoan mmts shell (Carya illinoensis), pomegranate husk (Punica
granotzm) and creosote bush leaves (Larees wridentsta Con)
sgainat plant pathogenic fungi, fnd Crop Prod 2010; 31: 153-157.

[5] Kihkéinen MF, Hopia AT, Heino M. Berry phenclios and their
antioaidant activity. J Agric Food Chen 2001; 49: 40764082,

[6] Huang D, Cu B, Prior RL. The chemiatry behind antioxidant
caparity assays. J Agric Food Chem 2005; 53:1841-1856.

[7] Bakkali F, Avetheck 8, Avetbeck IY, Idammar M. Biological effects
of essentinl oils. Food Chem Toazicol 2008; 46: 446475,

[8] Lépex A, Lépez RS, Vézques ME, Rodriguez A, Mendoza M,
Padrén E, Inhibicidn del crecimiento micelial de Fusorium
oxysporum Schlechtend. f. sp. yeopersici (Sace.} Smyder y Hansen,
Rhiznctonia soloni Kuhn y Verticilllium dahline Elsh. mediants
exttacion vegetales ncuoson. Rew Mex Fitopatolog 2005; 23: 183-
1940,

[91 Guerremo E, Solfa S, Hemdndez FT), Florsa A, Sandoval V, Jasso
D. Actividad hioldgica in vitro de exttacton de Flonrensio cortie
D. C. en patfigenos postcosecha: Altsrnario oliernate (Fr.Fr.)
Keiral., Collstotrichum gloeosporioides (Fenx.) Panz. y Sace. ¥
Penicilliven digitatin (Pets.Fr.) Sace. Rev Mex Fizopotolog 2007,
25: 4853,

[1C]Tasso de Rodrgues I, Rodrignes R, Herndndes FD), Aguilar CN,
Saens A, Yillareal JA, et al. Jn vigre antifunga] activity of extracts
of Mexican Chihuahuan desert plants against postharvest fnut
fongi. fnd Crop Prod 2011; 34: 950-566.

[11Singh HP, Mittal 5, Keur 8, Batich DR, Kohli RE. Chatacterisation
and antioxidant artivity of essential oila from fresh and decaying
leaves of Excalyptus tereticornis. J Agric Fond Chem 2009, §T:
59626866

[12)Gonzélez J, Cruz JM, Dominguez H, Parajé JC. Production of
antiroridants from Euealyptas glofulus wood hy solvent extraction
of hemicellulose hydrolysates. Food Chem 2004; B4: 245-251.

[13]Selazar R, Pozos ME, Cordero P, Pérex ], Salinas MC, Waksman
N. Determination of the antinzidant activity of plants from
northenst Mexico, Pharm Biol 2008: 46: 156171,

[14]Adame J, Adame H. Pilantas curativas del Noreste Mexicane.



Jarge E. Wang

Edicionea Castilla, Méxine; 2000.

[L5][Ventura J, Belmares R, Apuilera A, Gutiérres G, Rodrigues R,
Aguilar CN. Fungal biodegradation of tannins from erecaote bush
ellapic acid production. Food Tedinel Biotechaol 2008; 46: 213—
217,

[L5]Castilln F, Harndndez 1), Gallegos G, Méndes M, Rodrignex R,
Reyen A, et al. Fs vitre antifungal of plant exttacts obtained with
alternative organic solverts agninst Rhizoctonic solan: Kiihn, Ind
Crop Prod 2010 32: 324-328.

[17}Gaten Y, Rodgues J. Bioprospectiva del desietto ¥ semidesienta
mexicancs. In: Aguilar CN, Rodriguez B, Saucedo SY, Jasso D,
aditors. Fitoquimicos Sohresalienter def Semidesierto Mexvicano: de
Is plants & los quimicos notiroles v o fo Moteenologle, México:
Path Design S. A.; 2008, p. 41.

[L8Ruiz ], Ancanic JA, Redriguex R, Morales D, Agnilar CN.
Phytochemical sereening of extracts from some Mexican plantn
used in traditional medicine. J Med Plant Res 2011; 5: 2791-
2797,

[19]Vésques G, Foutenls E, Sanion J, Freite MS, Gotwdlea—Alvares J,
Antorrena (. Antioxidant activity and phenolic content of chestnut
{(Gamanea sativa) shell and encalyphus (Bucalypeus globulus) bark
exttacts. fad Crop Prod 2008; 18: 279-285.

[20[Upadrasta L, Mukhopadhyny M, Banerjec R. Tannins: Chemistry,
binlogical propertiss and biodegradation. In: Sabu A, Reussos S,
Apuilar CN. Chemistry and bictechnoingy of polyphenols, India:
Cibet Publishing House; 2011, p. 5-32

[21)Makinr H. Quantification of tannins in tree foliage. A lahoratory
manual for the FAG/AEA. Vienna; 1999,

[22]Ventura ], Gutiémrez G, Rodrignez R, Aguilar CN. Fungal cultures
of tar hush and crensots bush for preduction of twe phenalic
54: 199-203,

[23Molyneux P. Thes nae of the atahle free radical
Songllanakarin J Sci Technol 2004; 26: 211-219.

[24MRe R, Pellagrini N, Protsggents A, Panmala A, Yang M, Rice—
Evanns C. Antioxidant activity applying an improved ABTS sadical
cation decolorization asagy. Free Radic Biol Med 1999; 26: 1231-
1237,

[25Martines CG, Aguileta AF, Rodiigues R, Apuilar CN. Fungal
enhancement of the anticxidant properties of grape waste. Annals
Microhiol 2011; £2- 923-930.

[24]Kalia K, Sharma K, Singh HP, Singh B. Effects of extitnction
methods on phenclic conients and antioxidant eetivity in aerial
parta of Potentilla atrosangeudinea Lodd. and quantification of ite
phenolic constituents by RP-HPLC. J Agric Food Chem 2008; 56:
10129-10134.

[2TAgnilera AF, Augur C, Prade LA, Agnilar CN, Favela E.
Extraction and analysis of ellagic acid from novel complex

—Paz et al Hsten Pacific Journal of Tropical Mediciee (2005 J004-111 1 ] 1

sources. Chem Pap 2008; 62: 440444,

[28Martins S, Aguilar CN, De la Garza [, Mussate SI, Teizeira JA.
Kinetic study of notdihydroguniaretic acid recovery from Larrea
tridentate by microwave—assisted exiraction. J Chem Technol
Bictechnel 2010; 85: 1142-1147.

[29TMercado I, Belmarea R, Aguilera A, Contreras JC, Rodrigues R,
Heredia N, et al. Texicity and s 1o digestibility of crecsote bush
Res J Binlog Sei 2007; 2: 571-575.

[30TBelmaras R, Garza Y, Rodriguez R, Contreras JC, Aguilar CN.
Compoaition and fungal degradation of tumine present in semisrid
plents. Electran J Enssron Agric Food Ghem 2009; & 312-318.

[31]Galvan d" Alewgandro L, Krian K, Nikov I, Dimitrov K, Tlirasound
assinted extruction of polyphenols fiven black chokeberty. Sep P
Techno! 2012; 93; 4247,

[32]Castillo R, Rodriguez R, Vantura J, Belmares R, Aguilar CN.
Antibactetial and anticxidant activities of palyphenolic extracts
from Mexican semiarid plants pre and post—fementation.
innovations in food sdience and food hiotechnology in developing

[331Choe E, Min DB. Mechaniams of antioxidants in the oxidation of
foods. Compr Rev Food Sci Food Safety 2009; 8: 345-358.

[34]Amakura Y, Umine Y, Tsuji 5, [to H, Hatane T, Yoshida T,
Tonogai Y. Constituenis and their antiexidative effects in
encalypius laaf exirant usad as a natiural food additive. Foed Chem
202 TT: 47-56.

[3510sman AM, Wong KKY, Fernyhough A. ABTS radical—driven
uxidation of polyphencls: Isnlation and structoral slucidation of
covalent adducts. Bischem Biophys Res Coman 2006; 346: 321-
azg,

[36Mishra K, Ojha H, Chaudhury NK. Estimation of antiradical
propertien of antioxidants using DPPH asay: A eritical review and
reanlts. Food Chem 2012; 130: 10361043,

[37TPrior RL, Wu X, Schaich K. Standardized methoda for the
determination of anticxidant capacity and phenolics in foods and
dietary sapplements. J Agric Food Chem 2005; ¥3: 42004302,

[38Moure A, Crux JM, Franoo I, Dominguex JM, Sineiro ],
Donfngues H, et al. Natural sntiexidants from residual sources,
Foad Chem 2001; 72:145-171.

[3915tarzynaka—Janinzewska A, Stodolak B, Jamnrdz M. Anboxidant
propezties of extracts from fermented and cooked seeds of Polich
cultivara of Lathyrus saitous. Food Chern 2008; 109: 285-292,

[40]Guyot 8, Bernillon S, Poupard P, Renard CMGC. Multiplicity
of phenolic wddation products in apple juices and ciders, from
synthetic medium to commereinl products. In: Daayf F, Lattanzio
¥, eda Recent advancer in polyphenol research. UK: Wiley—
Blackwell; 2009, p. 27892,

[41]Swapna TS, Sabu A. Polyphenols in plants. In: Sabu A, Rousacs
Cibet Publishing House; 2011, p, 135-151.



