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Effect  of  different  drying  procedures  on  the  bioactive  polysaccharide
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a  b  s  t  r  a  c  t

The  main  effects  of  different  drying  procedures:  spray-,  industrial  freeze-,  refractance  window-  and  radi-
ant  zone-drying,  on acemannan,  the  main  bioactive  polysaccharide  from  Aloe  vera  gel,  were  investigated.
All  the  drying  procedures  caused  a considerable  decrease  in  the acemannan  yield  (∼40%).  Degradation
affected  not  only  the  backbone,  as  indicated  by  the  important  losses  of  (1  →  4)-linked  mannose  units,
but  also  the  side-chains  formed  by  galactose.  In  addition,  methylation  analysis  suggested  the deacetyla-
tion  of mannose  units  (>60%),  which  was confirmed  by 1H NMR  analysis.  Interestingly,  all  these  changes
were  reflected  in  the  functional  properties  which  were  severely  affected.  Thus,  water  retention  capacity
values  from  processed  samples  decreased  ∼50%,  and  a reduction  greater  than  80%  was  determined  in
swelling  and  fat  adsorption  capacity  values.  Therefore,  these  important  modifications  should  be  taken
into  consideration,  since  not  only  the  functionality  but  also  the  physiological  effects  attributed  to  many
Aloe  vera-based  products  could  also  be  affected.

©  2017  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Acemannan, the major polysaccharide found in Aloe vera gel,
is mainly composed of large amounts of partially acetylated man-
nose units (Man >60%), followed by glucose (Glc ∼20%) and, to a
minor extent, galactose (Gal <10%) (Choi & Chung, 2003; Chow,
Williamson, Yates, & Goux, 2005; Femenia, Sánchez, Simal, &
Rosselló, 1999; Talmadge et al., 2004). Structurally, the aceman-
nan polysaccharide, with a molecular weight of around 40–50 kDa,
could be represented by a single-chain of !-(1 → 4) mannose with
!-(1 → 4) glucose inserted into the backbone; "-(1 → 6) galactose
units may  also be found as side-chains (Chokboribal et al., 2015;
Chow et al., 2005; Femenia et al., 1999; Talmadge et al., 2004).
The acetyl groups are the unique non-sugar functional groups
present in acemannan and seem to play a key role not only in the
physico-chemical properties but also in the biological activity of

∗ Corresponding author.
E-mail address: antoni.femenia@uib.es (A. Femenia).

the Aloe vera (Campestrini, Silveira, Duarte, Koop, & Noseda, 2013;
Chokboribal et al., 2015; Ni et al., 2004).

Acemannan is a storage polysaccharide located within the pro-
toplast of the parenchymatous cells of the Aloe vera gel, and not
a component of the cell walls (Femenia et al., 1999). Interestingly,
this polymer has been reported as the main bioactive substance
present in Aloe vera gel, being responsible for most of the benefi-
cial properties attributed to Aloe vera (Hamman, 2008; McAnalley,
1993; Reynolds, 1985; Reynolds & Dweck, 1999; t’Hart, van den
Berg, Kuis, van Dijk, & Labadie, 1989), such as the reduction in
blood glucose, blood pressure and the improvement of lipid profile
in diabetic patients, among many others (Choudhary, Kochhar, &
Sangha, 2011; Pothuraju, Sharma, Onteru, Singh, & Hussain, 2016).
These beneficial effects have been attributed to the high molecular
weight fractions of acemannan which are degraded by the intestinal
microbiota to form oligosaccharides that inhibit intestinal glucose
absorption (Boban, Nambisan, & Sudhakaran, 2006; Jain, Gupta, &
Jain, 2007; Yagi et al., 2001, 2009). Furthermore, several studies
have demonstrated that the acetyl groups of acemannan are mainly
responsible not only for the interaction of acemannan with other
biomolecules but also for enabling the transport of other bioac-

http://dx.doi.org/10.1016/j.carbpol.2017.03.087
0144-8617/© 2017 Elsevier Ltd. All rights reserved.
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CHEMICAL ANALYSIS OF POLYPHENOLS WITH ANTIOXIDANT CAPACITY FROM
PINUS DURANGENSIS BARK
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The most active phenolics in Pinus durangensis residual bark were identified and evaluated
following a chromatographic fractionation. Bark powder was defatted with hexane, and a
crude extract (CE) was obtained by extraction with aqueous acetone (67%). A liquid partition
with ethyl acetate was performed to produce an organic extract (OE), which was subsequently
purified by column chromatography (Toyopearl HW-40F, methanol), resulting in ten fractions
(MF1 to MF10) and an oligomeric fraction eluted with acetone 67% (OLF). Subfraction MF6-1
was obtained by a second chromatographic purification of MF6. Extraction yields, total pheno-
lics, flavonoids, and flavanols contents were determined in CE and OE. The antioxidant activity
of bark extracts was measured by DPPH and ABTS assays at 100 µg/mL, expressed in percent-
age, median effective concentration (IC50), and TEAC (mM). Also the low density lipopro-
tein inhibition was evaluated. Identification of major phenolics was carried out by HPLCESI–
MS and HPLC–DAD instruments. Bioactive taxifolin (dihydroquercetin), dihydromyricetin,
myricetin, quercetin, pinomyricetin (myricetin-methoxy), pinoquercetin (quercetin-methoxy),
trimeric, and tetrameric procyanidins were detected and identified in P. durangensis bark
extracts. Polyphenols found are similar to those contained in Pycnogenol and other Pinus
species.

KEYWORDS. Antioxidant capacity, bark, flavonoids, Pinus durangensis

INTRODUCTION

The Pinus genus (Pinaceae), with over
100 commonly known species, is the widest
extant genus of conifers and is distributed
in the Northern Hemisphere.[1] This genus is
cultivated in Mexico to produce timber, and at
least 20 species are part of the forest resource
in Durango, Mexico, where the main species
are P. durangensis, P. cooperi, P. arizónica, P.
engelmannii, and P. teocote, among others.[2]

The wood is the main product in the forestry
industry, while large amounts of bark are

Address correspondence to Martha Rosales-Castro, Biotechnology Academy, CIIDIR Durango, Instituto Politécnico Nacional,
Durango 34220, México. E-mail: mrosa0563@yahoo.com

generated as a waste residue. However, the
pine bark has been utilized for centuries as
herbal remedies.[3] Indications of the therapeu-
tic use of pine bark can be found from the 4th
century B.C. when Hipocrates mentioned its
use against inflammatory diseases.[4] Actually,
bark is considered as a rich source of natural
compounds, which have attracted attention
from the nutrition, health, and medicine fields,
due to its high concentration of polyphenols.

Bark compounds exhibit various physiolog-
ical activities, including free radical scavenging,
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Alternative uses of sawmill industry waste
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Abstract

In Mexico, approximately 8 million m3 of wood is produced annually. Of this volume, 
70 % goes to the sawmill industry, generating around 2.8 million m3 of waste, mainly 
sawdust, woodchips and bark. The management of these wastes represents a problem 

today, as they are mainly used as a source of energy, negatively affecting the environment, 
generating dust in the air and contributing to the emission of carbon dioxide into the 
atmosphere. In addition, the waste is harmful to the health of sawmill workers and residents 
in nearby areas, by generating environmental problems such as fires and self-combustion. 
Consequently, it is necessary to find alternative uses for this waste. Most of this waste is rich 
in cellulose, hemicellulose, lignin and other low molecular weight substances, desirable 
characteristics in many industrial processes. The extractable substances could be used in 
these processes, thus reducing the environmental impact. This review provides sustainable 
alternatives for the development and use of forest industry resources, based on available 
information on the application and use of forest residues.

Resumen 

En México, la producción anual de madera es de aproximadamente 8 millones de m3. 
De este volumen, 70 % se destina a la industria del aserrío, generando alrededor de 
2.8 millones de m3 de desechos, principalmente aserrín, virutas y cortezas. El manejo 

de estos residuos representa un problema en la actualidad, pues se emplean principalmente 
como fuente de energía, afectando negativamente el ambiente, generando polvo en el aire 
y contribuyendo a la emisión de dióxido de carbono a la atmósfera. Además, los desechos 
perjudican la salud de trabajadores y habitantes de las zonas cercanas a los aserraderos, al 
generar problemas ambientales como incendios y autocombustión. En consecuencia, es 
necesario encontrar alternativas de uso de los residuos. La mayoría de estos son ricos en celulosa, 
hemicelulosa, lignina y otras sustancias de bajo peso molecular, características deseables en 
muchos procesos industriales. Las sustancias extraíbles podrían emplearse en dichos procesos, 
disminuyendo así el impacto ambiental. Esta revisión proporciona alternativas sustentables 
para el desarrollo y aprovechamiento de los recursos de la industria forestal, con base en la 
información disponible sobre la aplicación y uso de los residuos forestales.  
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In Silico Prediction of the Toxic Potential of Lupeol
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Jose ́ A. Gallegos-Infante,† and Rubeń F. Gonzaĺez-Laredo*,†
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ABSTRACT: Lupeol is a natural triterpenoid found in many plant species such as
mango. This compound is the principal active component of many traditional
herbal medicines. In the past decade, a considerable number of publications dealt
with lupeol and its analogues due to the interest in their pharmacological activities
against cancer, inflammation, arthritis, diabetes, and heart disease. To identify fur-
ther potential applications of lupeol and its analogues, it is necessary to investi-
gate their mechanisms of action, particularly their interaction with off-target proteins
that may trigger adverse effects or toxicity. In this study, we simulated and quantified
the interaction of lupeol and 11 of its analogues toward a series of 16 proteins known
or suspected to trigger adverse effects employing the VirtualToxLab. This software
provides a thermodynamic estimate of the binding affinity, and the results were
challenged by molecular-dynamics simulations, which allow probing the kinetic
stability of the underlying protein−ligand complexes. Our results indicate that there
is a moderate toxic potential for lupeol and some of its analogues, by targeting and binding to nuclear receptors involved in fertility,
which could trigger undesired adverse effects.

■ INTRODUCTION
Lupeol and its analogues are triterpenes found in a diversity of
vegetables and fruits. For instance, lupeol is found in mangoes,
cabbage, green pepper, strawberry, olives, and grapes.1,2 Inter-
estingly, this group of compounds is the active component in
many plants used in traditional medicine by native cultures in
North America, Japan, China, Latin America, and Caribbean
islands.2−4 Importantly, it has been shown that lupeol and its
analogues display therapeutic properties against cancer,
inflammation, arthritis, diabetes, and heart disease. Therefore,
these compounds have raised interest as drugs to treat such
conditions.5

In some cases, it has been possible to determinate their
action mechanism against these diseases. Lupeol is a multitarget
agent that affects different protein receptors depending on the
disease that is treated with this compound. In the case of
inflammation, lupeol affects the molecular pathways of the
nuclear factor kappa B(NFκB), cFLIP, Fas, Kras, phosphatidy-
linositol-3-kinase PI3K/Akt, and Wnt/β-catenin in a variety
of cells.6 In cancer treatments, lupeol inhibits DNA topoisom-
erase II, protein kinases, and serine proteases, causing the death
of cancer cells.7,8 Lupeol has also been reported to inhibit growth
in melanoma and leukemia cells and inhibit tumor promotion
in mouse skin by modulating various signaling pathways.9−11

The topical application of lupeol at 200 μg/animal has been
reported to prevent DNA strand breaks in mice skin caused by
7,12-dimethylbenz[a]anthracene (DMBA).12 Furthermore, in

skin mouse models, lupeol has inhibited the genotoxicity effect
of benzo[a]pyrene (B[a]P), which is a binding mutagen. Addi-
tionally, lupeol was able to significantly decrease B[a]P-induced
clastogenicity by pretreating mice with lupeol [1 mg/animal]
for 7 days prior to B[a]P administration.13

Many studies have focused on understanding the properties
of lupeol and its analogues such as determination of phyto-
chemical properties, synthesis and biological activity using mice,
dogs, and cancer cell lines as test models to find promising
applications to cure diseases. However, prior to their potential
application in humans, it is necessary to establish if they might
trigger undesired effects. Traditionally, initial bioassays are
performed using mouse models, but these experiments are both
laborious and expensive with the inconvenience that results
may not simply be translated to humans.14,15 Therefore, to
better understand the toxicological effects of a new drug, it is
necessary to develop new approaches to overcome these
problems. Computational approaches for in silico toxicology
determinations turn into an efficient alternative to predict
drug−protein interactions without the aforementioned draw-
backs.
One of these new tools is VirtualToxLab (cf. http://www.

virtualtoxlab.org), which is an in silico concept for estimating
the toxic potential: endocrine and metabolic disruption, aspects

Received: March 11, 2017
Published: June 27, 2017
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ABSTRACT

Processing option such as fungal fermentation (tempeh) improves legume
nutraceutical properties. The aim of this work was to evaluate the physicochemical
and antioxidant potential of common bean tempeh flour from two varieties: Bayo
victoria (BV) and Pinto durango (PD) processed at two different temperature and
fermentation times. Results showed differences between cultivars followed by
changes in temperature and fermentation times, being more significant at 35C for
40 h. The phenolic content in both cultivars varied considerably after cooking,
being higher in raw flour (0.4–3.0-fold for BV and 0.35–0.5-fold for PD). The
highest phenolic content was for BV fermented at 35C and 40 h, whereas for PD
was at 30C and 40 h. Antioxidant capacity was evaluated by 2,2-diphenyl-1-
picrylhydrazyl, low-density lipoprotein oxidation and hydroxyl radical-scavenging
assays. Results showed different antioxidant capacity for each test. The major dif-
ferences in results were shown between cultivars than the processing variations of
temperature and fermentation time.

PRACTICAL APPLICATIONS

Phaseolus vulgaris is one of the most important grain legumes for human con-
sumption attributable to its nutritional properties, low cost and health promoter
effects. However, the nutraceutical properties of this legume have changed due to
process variables such as temperature and time of cooking. It has been demon-
strated experimentally that fungal fermentation or tempeh production can be an
efficient strategy to improve the phenolic content and antioxidant activity of
common beans, becoming a favored alternative as an ingredient/supplement
development for the prevention and control of degenerative diseases. However,
little information is available on the effect of temperature, fermentation time and
common bean cultivars in relation with their nutraceutical properties. The present
investigation demonstrated that the major effects were between cultivars rather
than processing variations of temperature and fermentation time. Therefore, con-
sidering cultivars and processing variables, common bean tempeh flour may be an
efficient strategy to enhance the antioxidant activity of this seed.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is one of the
most important grain legumes for human consumption. It
comprises 50% of the grain legumes consumed worldwide.
It is the primary source of dietary protein in developing
countries (Mitchell et al. 2009).

Phaseolus vulgaris is grown in a variety of eco-agricultural
regions and distributed in multiple forms, such as whole
unprocessed seeds, as part of mixed, canned products, or as
gluten-free wheat flour substitute (Câmara et al. 2013).
Common beans have been studied due to their bioactive
components, which include antioxidants, dietary fiber frac-
tions, resistant starch and oligosaccharides present in the
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Effect of different drying procedures on physicochemical properties
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a b s t r a c t

The main aim of this study was to evaluate the effect of different drying procedures, used at industrial
scale, on physicochemical properties, such as water activity, solubility, hygroscopy and, also, on the flow
behavior of Aloe vera (Aloe barbadensis Miller) gel. The drying methods applied were: spray-drying,
industrial freeze-drying, refractance-window-drying and radiant-zone-drying. Further, the flow
behavior of all dehydrated Aloe vera samples was investigated at different temperatures (10, 20, 30, 40,
and 50 !C). In addition, fresh Aloe vera gel was lyophilized and used as a reference. All processed samples
exhibited lower water activity (<0.4), higher solubility (>90%) and higher hygroscopy (>80%) than the
reference sample. Moreover, a shear-thinning behavior, exhibited by the fresh Aloe vera gel, was
modified to a Newtonian behavior in all the processed samples. Interestingly, the viscosity of all the
processed samples exhibited a higher temperature dependence (Ea > 28 kJ/mol) than the reference
sample (Ea ¼ 21 kJ/mol). These important changes in the physico-chemical properties and, also, in the
flow behavior of the dehydrated Aloe vera samples could be related to structural modifications observed
for the acemannan polymer, the main bioactive polymer present in Aloe vera gel; and in particular, to the
modification of its degree of acetylation.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Aloe vera has enjoyed a long history of providing a myriad of
health benefits, being one of the herbal remedies most frequently
used throughout the world (Guo & Mei, 2016; Pothuraju, Sharma,
Onteru, Singh, & Hussain, 2016). Currently, Aloe vera has become
one of the most important raw materials in the food industry since
it represents an emerging source of bioactive components. The
potential use of Aloe vera gel in the food industry is mainly focused
on the development of functional foods due to its beneficial prop-
erties in treating constipation, coughs, diabetes, headaches,
arthritis and immune-system deficiencies (Eshun & He, 2004;
Radha & Laxmipriya, 2015; Vogler & Ernst, 1999).

The Aloe vera gel contains more than 98 g moisture/100 g gel

and the remaining portion is mainly composed of polysaccharides
(more than 60 g polysaccharides/100 g gel solids). Other com-
pounds such as phenolics, organic acids, enzymes, vitamins and
minerals are also present in minor quantities (Femenia, S!anchez,
Simal, & Rossell!o, 1999). Acemannan, a partially acetylated poly-
saccharide found in the Aloe vera gel, is responsible for its biolog-
ical activities (Choi & Chung, 2003; Chokboribal et al., 2015; Kumar
& Tiku, 2016; Pothuraju et al., 2016; Talmadge et al., 2004).
Nevertheless, fresh Aloe vera gel is highly perishable and needs to
be processed using appropriate processing technologies in order to
increase the shelf stability, retaining its functional properties
(Swami Hulle, Patruni, & Rao, 2014).

The manufacturing of Aloe products often involves different
operations such as pasteurization, concentration and/or drying
(Ramachandra & Rao, 2008). In addition, the requirements of the
International Aloe Science Council (IASC) in order to obtain the
international certification for Aloe vera products for oral* Corresponding author.
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Theoretical insights into [NiFe]-hydrogenases oxidation resulting 
in a slowly reactivating inactive state
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The results presented in this work show that, among all 
plausible isomers featuring various protonation patterns 
and oxygenic ligands, the one corresponding to the crys-
tallographic structure recently reported by Volbeda et al. 
(J Biol Inorg Chem 20:11–22, 19)—featuring a bridging 
hydroxide ligand and the sulphur atom of Cys64 oxidized 
to bridging sulfenate—is the most stable. However, iso-
mers with cysteine residues oxidized to terminal sulfenate 
are very close in energy, and modifications in the network 
of H-bond with neighbouring residues may alter the stabil-
ity order of such species.

Keywords [NiFe]-hydrogenase · Oxidative inactivation · 
Ni-A state · Protein S-sulfenation · Density functional 
theory

Introduction

Hydrogenases are enzymes involved in the metabolism of 
dihydrogen, and are expressed by several eukaryotic and 
prokaryotic microorganisms. In particular, two hydroge-
nases classes—the [NiFe] and [FeFe]-hydrogenases—are 
able to catalyse the reversible oxidation of H2, following 
the reaction [1–4]:

[NiFe]-hydrogenases represent the most widespread 
hydrogenase class in Nature; this fact, as well as the very 
interesting reactivity promoted by such enzymes, has 
led researchers to spend increasing efforts in the study of 
[NiFe]-hydrogenases. In particular, the development of 
green-chemistry approaches for the evolution of molecu-
lar hydrogen would enable to employ H2 as a clean energy 
carrier.

H2 → 2H
+
+ 2e

−
.

Abstract [NiFe]-hydrogenases catalyse the relevant 
H2 → 2H+ + 2e− reaction. Aerobic oxidation or anaero-
bic oxidation of this enzyme yields two inactive states 
called Ni-A and Ni-B. These states differ for the reactiva-
tion kinetics which are slower for Ni-A than Ni-B. While 
there is a general consensus on the structure of Ni-B, the 
nature of Ni-A is still controversial. Indeed, several crys-
tallographic structures assigned to the Ni-A state have 
been proposed, which, however, differ for the nature of the 
bridging ligand and for the presence of modified cysteine 
residues. The spectroscopic characterization of Ni-A has 
been of little help due to small differences of calculated 
spectroscopic parameters, which does not allow to dis-
criminate among the various forms proposed for Ni-A. 
Here, we report a DFT investigation on the nature of the 
Ni-A state, based on systematic explorations of confor-
mational and configurational space relying on accurate 
energy calculations, and on comparisons of theoretical 
geometries with the X-ray structures currently available. 

Electronic supplementary material The online version of this 
article (doi:10.1007/s00775-016-1416-1) contains supplementary 
material, which is available to authorized users.
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ANTIOXIDANT PHENOLIC COMPOUNDS OF ETHANOLIC AND AQUEOUS
EXTRACTS FROM PINK CEDAR (ACROCARPUS FRAXINIFOLIUS WHIGHT & ARN.)
BARK AT TWO TREE AGES
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In Central Mexico, commercial plantations of pink cedar (Acrocarpus fraxinifolius Whight &
Arn.) from 7 to 15 years old are ready for harvesting to obtain wood products without cur-
rent bark use. Therefore, the aim of this work was to study ethanolic and hot water extracts
from A. fraxinifolius bark of 7-year-old (young) and 13-year-old (mature) trees. Yields, total
phenolic, flavonoid, and proanthocyanidin contents, as well radical scavenging activity by
1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonate)
(ABTS) radicals, as well by ferric-reducing antioxidant power (FRAP) and low-density lipopro-
tein inhibition assays were estimated. Extracts of young tree barks showed higher phenolic
content and better scavenging activity than extracts from mature tree barks; ethanolic ex-
tracts were superior to the aqueous ones. Positive correlations between polyphenol content
and scavenging activity were observed. Results suggest that A. fraxinifolius bark loses phenolic
content and antiradical activity as it ages. Bioactive phenolics such as gallic acid, catechin,
epicatechin, and catechin gallate were identified by HPLC-DAD.

KEYWORDS. Acrocarpus fraxinifolius, bark, extraction solvent, free radicals scavenging, phenols,
pink cedar, tree age

INTRODUCTION

Bark provides protection to the tree, struc-
tural support, and leads nutrients from the
leaves to the roots. Generally, it is smooth and
thin on young trees, and thick and rough in
older trees. It is composed of various cell types
and their structure is complex compared to
wood.[1] Outer bark layers are waxy and wa-
terproof. As bark gradually hardens, it becomes
a physical and chemical barrier against microor-

Address correspondence to Martha Rosales-Castro, Biotechnology Academy, CIIDIR Durango, Instituto Politécnico Nacional, Du-
rango, Mexico. E-mail: mrosa0563@yahoo.com

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/lwct.

ganisms and external agents, moderating tem-
perature inside the trunk and reducing the wa-
ter loss.

In woody species, bark represents about
10–15% of the tree total weight.[2,3] Its chemical
composition is complex and varies by many
factors, such as species, tree age, growing
conditions, and geographical location, among
others.[4] Chemically, bark has the same con-
stituents of wood and the typical components
of the cell wall: cellulose, hemicellulose, lignin
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The effect of ultrasound power and temperature on the extraction of carbohydrates from
agave  was evaluated. Extraction kinetics of fructans (F), total carbohydrates (TC) and
reducing  sugars (RS) were obtained at different ultrasound powers (28–49 mW/mL) and tem-
peratures (20–40 ◦C). The mass transfer coefficients of F, TC and RS were calculated and
a  model using the production functions of Cobb–Douglas was developed. Microstructural
analysis  was performed to evaluate the effect of ultrasound and temperature on carbo-
hydrates  extraction. Ultrasound and temperature had impact on F, TC and RS extractions.
After  5 min, no increases in carbohydrates content were observed, showing an asymptotic
tendency.  Results showed a strong sonication effect in carbohydrate extraction at any extrac-
tion  temperature. The maximum F, TC and RS contents were 7.2, 7.79 and 0.54 g/100 g d.m.,
respectively, at 49 mW/mL and 40 ◦C. The fructans volumetric mass transfer coefficients
ranged  from 0.0585 ± 4.2 × 10−4 to 0.0834 ± 12.51 × 10−4 s−1 (R2 = 0.86–0.92). An overall model
was  developed based on the Cobb–Douglas function, which was adjusted adequately to esti-
mate the fructans extraction assisted with ultrasound (R2 = 0.954). Tissue structural changes
were  present due to cell-wall modifications and breakdowns of sonicated agave samples,
which  have enhanced the carbohydrates extraction.
© 2015 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Abbreviations: F, fructans; TC, total carbohydrates; RS, reducing sugars; UPC, ultrasound power calculate (mW); UP, ultrasound power
(mW/mL); KLa/V, volumetric mass transfer coefficient (s−1); R, correlation coefficient; RMSE, root mean square of error; !2, reduced chi-
square; mW, milliwatts; d.m., dry matter.
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http://dx.doi.org/10.1016/j.fbp.2015.08.007
0960-3085/© 2015 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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ABSTRACT 

Obesity is the most prevalent nutritional disease and a growing public health problem worldwide. This disease is 
a causal component of the metabolic syndrome related with abnormalities, including hyperglycemia, dyslipidem-
ia, hypertension, inflammation, among others. There are anti-obesity drugs, affecting the fundamental processes 
of the weight regulation; however they have shown serious side effects, which outweigh their beneficial effects. 
Most recent studies on the treatment of obesity and its complications have focused on the potential role of differ-
ent plants preparation that can exert a positive effect on the mechanisms involved in this pathology. For instance, 
anti-obesity effects of green tea and its isolated active principles have been reported in both in vitro (cell cul-
tures) and in vivo (animal models) that possess healthy effects, decreasing adipose tissue through reduction of 
adipocytes differentiation and proliferation. A positive effect in lipid profile, and lipid and carbohydrates metab-
olisms were demonstrated as well. In addition, anti-inflammatory and antioxidant activities were stud-
ied. However, the consumption of green tea and its products is not that common in Western countries, where 
other plants with similar bioactivity predominate; nevertheless, the effect extension has not been analyzed in 
depth, despite of their potential as alternative treatment for obesity. In this review the anti-obesity potential and 
reported mechanisms of action of diverse plants such as: Camellia sinensis, Hibiscus sabdariffa, Hypericum per-
foratum, Persea americana, Phaseolus vulgaris, Capsicum annuum, Rosmarinus officinalis, Ilex paraguariensis, 
Citrus paradisi, Citrus limon, Punica granatum, Aloe vera, Taraxacum officinale and Arachis hypogaea is sum-
marized. We consider the potential of these plants as natural alternative treatments of some metabolic alterations 
associated with obesity. 
 
Keywords: Obesity, obesity complications, anti-obesity plants, phytochemicals, alternative treatments 
 
 
 

INTRODUCTION 
Obesity is now the most prevalent nutri-

tional disease and a growing public health 
problem worldwide. The disease has ac-
quired epidemic proportions projected to 
reach 2.3 billion of overweight adults and 
700 million obese adults, respectively by 
2015 (Malik et al., 2013). 

Overweight is an established risk factor 
for type 2 diabetes and cardiovascular dis-
eases, where the central and causal compo-
nent is the metabolic syndrome (Montague 
and O’Rahilly, 2000). This is a series of 
metabolic abnormalities including hypergly-
cemia, dyslipidemia, hypertension, inflam-
mation, oxidative stress, among others 
(Grundy et al., 2004).  
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Wood preservation 
  using natural
      products

Preservación de la madera usando productos naturales

Rubén Francisco González-Laredo1,2*, Martha Rosales-Castro3, Nuria Elizabeth Rocha-Guzmán2, José Alberto Gallegos-

Infante2, Martha Rocío Moreno-Jiménez2 and Joseph J. Karchesy4

AbstrAct
It is a current concern in the wood preservation field to avoid the use of toxic chemicals and develop new technologies based on low 
environmental impact agents and sustainable principles. Under this expectation, an intended state-of-the-art is introduced on the appli-
cation of natural products such as traditional tar and wood oils as well as tannins and plant extracts. A particular revision to heartwood 
chemical components is offered. The combined methods of using natural and chemical components are reviewed, considering as out-
standing the mixtures of natural organic constituents with cooper and boron salts that seem to be under encouraging experimentation. 
Fungicides and anti-termite applications are commented as well the leaching problem of inorganic salts. Chemical modification of wood 
structure through the formation of adducts and the treatment with nanomaterials are promising tools that will change the actual view 
and performance of wood preservation techniques.

Keywords: bark, biocides, extract, fungicide, oil, phenolics, tannins, termites.

resumen
Una de las prioridades actuales en el campo de la preservación de madera es evitar el uso de materiales tóxicos, desarrollando nuevas 
tecnologías fundamentadas en principios sustentables y empleando agentes de bajo impacto ambiental. Con esta expectativa se plantea 
una revisión del estado del arte sobre la aplicación de productos naturales, tales como taninos, alquitrán, aceites y extractos vegetales. 
Se presenta en particular una revisión sobre los componentes químicos contenidos en el duramen de maderas naturalmente resistentes. 
Se analizan los métodos combinados de ingredientes naturales y químicos, resaltando las mezclas de componentes naturales orgánicos 
con sales de cobre y boro que parecen representar una opción experimental confiable. Se comentan también las aplicaciones fungicidas 
y anti termitas, así como los problemas de lixiviación de sales inorgánicas. Opciones como la modificación química de la madera vía la 
formación de aductos y por tratamiento con nanomateriales son procesos promisorios que cambiaran eventualmente la manera de ver y 
aplicar la tecnología actual de preservación de maderas.

Palabras clave: corteza, biocidas, extracto, fungicidas, aceite, compuestos fenólicos, taninos, termitas.

IntroductIon
Wood as a natural renewable resource plays an important 

role in the world economy, particularly in the construc-

tion and furniture fields. The expectation for better 

options in preserving wood from biodegradation during 

storage, transportation, manufacturing, and in service is 

actual. Environmental issues from the conventional toxic 

chemical preservatives containing metals for wood treat-

ment and their disposal problems have urged the search 

for more ecologically friendly technologies. The current 

progress and implementation of new technologies has 

been limited due to variability between the laboratory and 

the field performances of natural products alternatives, 

and legal problems derived from the lack of globally 
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a  b  s  t  r  a  c  t

The  antioxidant  activity  of acetone  extracts  and  purified  fractions  from  Prosopis  laevigata  leaves  were
evaluated  as  well  its  cardioprotection  potential  in  vitro.  Mezquite  leaves  were  dewaxed  with  petroleum
ether  and  extracted  with  aqueous  acetone  (70%);  the  polar  extract  was  purified  in  Sep-Pak®  Cartridges
and  their  fractions  evaluated.  Significant  differences  among  fractions  and  crude  extracts  were  found  in
total  phenolic  content  (Folin  Ciocalteu),  antioxidant  capacity  by scavenging  hydroxyl  and  DPPH  radi-
cal  assays.  Purified  fractions  showed  antihypertensive  effects  inhibiting  angiotensin  converting  enzyme
and  cardioprotection  inhibiting  low  density  lipoprotein  oxidation.  The  HPLC  profile  displayed  phenolic
compounds  such  as  gallic  acid,  catechin,  gallocatechin,  epicatechin  gallate,  rutin,  and  luteolin  that  may
explain  these  antioxidant  and  biological  properties.  Mesquite  leaves  can  be  a  source  of  bioactive  phenolics
as  nutraceutical  ingredients.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Currently, there is a generalized interest for balanced diets rich
in fruits and vegetables and their direct relationship with human
health and well-being. The contribution of natural phytochemi-
cals present in foods to reduce the risk of chronic diseases is being
continuously reported (De La Rosa et al., 2010). Cell damage from
unbalance of free radicals that endures as an oxidative stress disor-
der affects the cellular structure and its components. Then tissues
and organs become disturbed as a result of the metabolic syndrome,
which is often characterized by oxidative stress that eventually pro-
motes the appearance of degenerative conditions such as cancer,
diabetes and cardiovascular diseases (Roberts and Sindhu, 2009).

Plants, herbs and spices have been used as remedies in tra-
ditional medicine and attained a wide recognition as sources of
bioactive phytochemicals with prophylactic benefits. A distinctive
property of these active principles is their antioxidant capac-
ity, which is common in many secondary metabolites from the
plant kingdom (Yadav et al., 2012). The major natural antioxidants
are polyphenols, although antioxidation is not a property limited
only to them. Polyphenols protect macromolecules from the cell

∗ Corresponding author. Tel.: +52 618 8185402x113; fax: +52 618 8186936x112.
E-mail  address: gonzalezlaredo@gmail.com (R.F. González-Laredo).

1 Becario COFAA-IPN.

structure and its parts from being damaged by free radicals and
reactive species, avoiding diseases such as atherosclerosis (Han
et al., 2007). Plant phenols, as named in industry, are used as the
active principles in many actual formulations (Quideau et al., 2011).
Hence, there is interest in searching for bioactive plant antioxidant
sources that might prevent from oxidative stress-induced degra-
dation or fight its negative effects in biological systems.

Mesquite (Prosopis spp.) is an endemic tree that belongs to
the Leguminosae family and Mimosaceae subfamily, and com-
prises 44 species distributed at arid and semiarid regions over
one third of the earth surface (Burkart, 1976). In Mexico there
are 11 Prosopis species: P. odorata, P. glandulosa, P. velutina, P.
articulata, P. tamaulipana, P. yaquiana, P. vidaliana, P. mezcalana, P.
mayana, P. juliflora, and P. laevigata (Cedillo and Mayoral, 1997).
Mesquite is an ecologically important plant because it fixes nitro-
gen in soil, promoting the growing of associated shrub and bushes
species, which diminishes soil erosion (Golubov et al., 2001). Its
stem and branches are used for wood and charcoal production,
and as firewood; from its pods a kind of honey and other edi-
ble products are obtained, and the pods along the leaves are also
used as forage for cattle and small ruminants (Rodriguez-Franco
and Maldonado-Aguirre, 1996). Heartwood from Prosopis species
has shown resistance against fungal attack, mainly suggesting (−)-
mesquitol as the bioactive flavanol compound (Pizzo et al., 2011).
However, it cannot be considered as the unique and definite factor
to explain the durability of this woody material.

0926-6690/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.indcrop.2012.11.030
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Copyright © 2013 Juan José Mart́ınez-Garćıa 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.

Drying of ground and half-cut figs (Ficus carica L., var. Mission) was investigated at three temperatures (45, 55, and 65∘C).
Their effective moisture diffusivity (!eff) was estimated by using the slope method. !eff values for ground figs were 5.15 × 10−10,
9.96 × 10−10, 1.07 × 10−9m2 s−1 and for half cut figs 5.88 × 10−10, 1.66 × 10−9, and 2.08 × 10−9m2 s−1 at 45, 55, and 65∘C, respectively.
Dehydrating fig samples showed a similar behavior: higher!eff values at higher temperatures and activation energy (E#) values in
the range of other foodstuffs. Half-cut figs needed about twice more energy and time than ground figs to carry out the dehydration;
E# values were 56.86 and 28.21 kJmol−1, respectively. The drying process increased the total phenolic content and degraded the
anthocyanin content of figs; however, it enhanced the dried figs antioxidant activity. Dehydrating ground figs was faster and
maintained its functional properties better than half-cut figs.

1. Introduction

Many studies have demonstrated that daily intake of fruit
and vegetable is associated with the reduction of chronic-
degenerative diseases [1, 2]. In other investigations, it has
been observed that fruit- and vegetable- rich diets protect
against different diseases, including cancer and cardiovas-
cular diseases. Etiology for these diseases is pointing to the
free radicals as promoters of protein, nucleic acids, and
cellular lipids oxidations that damage biological systems;
fruits and vegetables contain a great number of components
with antioxidant activity, such as flavonoids, carotenoids, and
vitamins C and E [3].

Nowadays, the study for different vegetables species
is promoted in order to identify their diverse functional
capacities; since the human organism cannot produce phy-
tochemicals such as polyphenols, they have to be obtained

from food [4]. The most viable alternative is to consume
fresh fruit and vegetables, since it is well known that after
harvesting, their components can change during processing
and storage and relatively lose part of its biological activity.
Although there are some factors that can limit its intake such
as seasonal availability, market accessibility, cost, and shelf
life, it is important to process them by freezing, canning,
or drying, but these conservation methods can reduce the
bioactive component contents [5].

Fig tree (Ficus carica L.) is widely found in tropical
and subtropical countries, and its fruit has a high com-
mercial value. Fig production is mainly located around the
Mediterranean Sea or in places with similar weather such
as California, Australia, or South America [6]. From the
yearly world production of fruits of above 600 million tons,
fig is over one million tons. The largest fig producer is
Turkey with about 23.5% of the total world harvest. The



Holzforschung, Vol. 66, pp. 577–584, 2012 • Copyright © by Walter de Gruyter • Berlin • Boston. DOI 10.1515/hf-2011-0157

      Antioxidant activity of fractions from  Quercus sideroxyla  
bark and identifi cation of proanthocyanidins by HPLC-DAD 
and HPLC-MS  

    Martha   Rosales-Castro    1 ,      Rub é n   Francisco 
Gonz á lez-Laredo    2,   *,      Nuria   Elizabeth Rocha-Guzm á n    2 , 
     Jos é    Alberto Gallegos-Infante    2 ,      Mar í a   Jos é  
Rivas-Arreola    2  and      Joseph J.   Karchesy    3   

  1     Centro Interdisciplinario de Investigaci ó  n para el 
Desarrollo Integral Regional (CIIDIR-IPN) Unidad 
Durango. Av. Sigma 119 fraccionamiento 20 de noviembre 
II ,  34220 Durango, Dgo., México. Becaria de COFAA-IPN    

  2     Instituto Tecnol ó  gico de Durango ,  Felipe Pescador 1830 
Ote. 34080 Durango, Dgo. ,  M é xico  

  3      Oregon State University ,  Wood Science and Engineering 
Department, Corvallis, OR 97331 ,  USA   

  *  Corresponding author. 
Instituto Tecnol ó gico de Durango, Felipe Pescador 1830 Ote. 
34080 Durango, Dgo., M é xico 
E-mail:  gonzalezlaredo@gmail.com   

   Abstract 

 The most active phenolics in  Quercus sideroxyla  Humb. & 
Bonpl. residual bark were identifi ed and evaluated following 
a chromatographic fractionation. Bark powder was defatted 
with hexane and crude extract (CE) was obtained by extrac-
tion with aqueous acetone (70 % ). A liquid partition with ethyl 
acetate was performed to produce an organic extract (OE), 
which was subsequently purifi ed by column chromatography 
(Toyopearl HW-40F, methanol), and resulted in six methano-
lic fractions (MF1 to MF6) and an oligomeric fraction (OLF) 
eluted with acetone 67 % . Extraction yields, total phenolic and 
fl avanol contents were determined. The antioxidant activity 
of bark extracts was measured by 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), Trolox (6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic-acid)-equivalent antioxidant capacity 
(TEAC), and ferric ion reducing antioxidant power (FRAP) 
assays. Their median effective concentration (EC 50 ) data and 
rate constants for DPPH radical scavenging were also esti-
mated. Identifi cation of major phenolics was carried out by 
high performance liquid chromatography with diode array 
detection (HPLC-DAD) and high performance liquid chro-
matography with electrospray ionization coupled to mass 
spectrometry (HPLC-ESI-MS) instruments. Bioactive gallic 
acid, catechin, epicatechin, gallocatechin, catechin gallate, 
dimeric procyanidins, galloylated dimeric proanthocyani-
dins, trimeric procyanidins, and tetrameric proanthocyanidins 
were detected and identifi ed in  Q. sideroxyla  bark extracts. 
MF2 was the most active fraction containing gallocatechin 
as its major compound; MF5 and OLF contain galloylated 

procyanidins, which may explain their higher antiradical 
activity. OLF besides galloylated procyanidins has gallocat-
echin, which presumably contributes to its higher antiradical 
activity. Consequently,  Q. sideroxyla  bark could be a good 
source of therapeutic health products or nutraceutical ingredi-
ents that may exert a potential prevention or treatment action 
against diseases in biological systems.  

   Keywords:    antiradical activity;   bark;   HPLC;   proanthocyani-
dins;    Quercus sideroxyla .     

  Introduction 

 Proanthocyanidins are oligomers and polymers composed 
mainly of monomeric fl avan-3-ol units; they are the distinc-
tive polyphenolic group in condensed tannins. After lignin, 
proanthocyanidins are the second most abundant group of 
natural phenols in the plant kingdom and one of the most 
widespread polyphenolic bifl avonoids in herbs and spices 
(Porter  1993 ). Proanthocyanidins (polyphenolics) in wood 
and bark of trees are in focus of research since the beginning 
of modern wood science. Recent publication demonstrates 
that their chelating and antioxidant properties are of increas-
ing importance (Willf  ö r et al. 2004 ; Zulaica -Villagomez et 
al. 2005 ; Gao et al.  2006 ; Donoso -Fierro et al. 2009 ). Also 
in the context of the development of environmentally benign 
wood preservatives of extractives are the antioxidant proper-
ties and chelating characteristics of fl avons and fl avonoids in 
discussion (Binbuga et al.  2005, 2008 ). Polyphenolic com-
pounds from barks are especially relevant with this regard 
and in terms of biorefi nery (Makino et al.  2011 ; Telysheva et 
al.  2011 ). The availability of modern isolation and character-
ization methods contribute a lot for advances in this fi eld of 
science. For example, Liimatainen et al.  (2011)  used high per-
formance liquid chromatography with diode array detection 
(HPLC-DAD) and high performance liquid chromatography 
with electrospray ionization coupled to mass spectrometry 
(HPLC-ESI-MS) instruments for structural elucidation of 
phenolic compounds from the inner bark of  Betula pendula . 
Yao et al.  (2010)  discovered new phenolic glucosides and 
fl avonoids in the bark of  Eucommia ulmoides . Reaction of 
polyphenols with 2,2-diphenyl-1-picrylhydrazyl (DPPH) fre-
quently plays an important role for characterization of their 
biotic activities (Smeds et al.  2011 ). 

 Proanthocyanidins are divided into different classes 
depending on the substitution pattern of the fl avan unit 
(Figure  1  ). The most common are the procyanidins, which 
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