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a b s t r a c t

Black tea infusion is the common substrate for preparing kombucha; however other sources such as oak
leaves infusions can be used for the same purpose. Almost any white oak species have been used for
medicinal applications by some ethnic groups in Mexico and could be also suitable for preparing
kombucha analogues from oak (KAO). The objective of this research was to investigate the antioxidant
activity and anti-inflammatory effects of KAO by examining its modulation ability on macrophage-
derived TNF-alpha and IL-6. Herbal infusions from oak and black tea were fermented by kombucha
consortium during seven days at 28 !C. Chemical composition was determined by LC-ESI-MS/MS. The
antioxidant activity of samples against oxidative damage caused by H2O2 in monocytes activated
(macrophages) was explored. Additionally, it was determined the anti-inflammatory activity using
lipopolysaccharide (LPS) - stimulated macrophages; in particular, the nitric oxide (NO), TNF-alpha, and
IL-6 production was assessed. Levels of pro-inflammatory cytokines IL-6 and TNF-alpha were signifi-
cantly reduced by the sample treatment. Likewise, NO production was lower in treatment with kom-
bucha and KAO compared with LPS-stimulated macrophages. Fermented beverages of oak effectively
down-regulated the production of NO, while pro-inflammatory cytokines (TNF-alpha and IL-6) in
macrophages were stimulated with LPS. Additionally, phytochemical compounds present in KAO
decrease oxidative stress.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Some fermented foods have transcended their sources to
become everyday products in more than one continent; fermen-
tations involved in these foods are of enormous complexity, and
their study has provided us a wealth of biotechnology knowledge.
An attractive bioprocess consists on the degradation of glucose and
fructose through the fermentation action of a bacterial and yeast
consortium called Kombucha [6]. This Kombucha is a fermented
beverage that has been traditionally consumed in China for over
2200 years. This ancient beverage is composed of two portions: a

floating biofilm of cellulose and the sour liquid broth [4]. Several
positive effects have been reported, including gastro protective
effect of the culture broth and probiotic potential of the Kombucha
microbiome [1,13]. In particular, in the culture broth the main
metabolites identified are gluconic and glucuronic acids, glycerol,
phenolic acids and caffeine; some are associated with beneficial
effects on health. The two main classes of involved polyphenols are
flavonoids and phenolic acids. Their chemical and structural mod-
ifications are due to biotransformation and metabolism by the
kombucha consortium action, and have not been taken into ac-
count in previous studies of kombucha analogues obtained from
other sources. The biotransformation of flavonoids has been a topic
of research due to the interest in explaining the correlation be-
tween the beneficial properties of flavonoids and the structures of
the active compounds. In Kombucha obtained from black tea, the
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A B S T R A C T

A complete characterization of the phenolic profile of leaves infusions from seven Mexican Quercus species was
developed using different LC-DAD-MS/MS methodologies. The main families of phenolic compounds identified
and quantified were: hydrolyzable tannins and flavonol glycosides, based on their fragmentation patterns and
UV spectra, proanthocyanidins analyzed after acid-catalysis in the presence of phloroglucinol, and phenolic acids
evaluated using UPLC-triple quadrupole mass spectrometer (QqQ). White oak species showed the largest amount
of total phenols (830–2956 mg/L) with hydrolyzable tannins as the predominant group (60–96%), mainly
vescavaloninic acid, vescalagin, and castalagin. Red species (total phenolics 129–280 mg/L), showing proan-
thocyanidins as the dominant family, consisted of units of catechin, gallocatechin and in less amount epicatechin
gallate and epigallocatechin gallate and larger percentages of phenolic acids (10–19%).

1. Introduction

In recent years, the interest and consumption of herbal infusions
(commonly called teas or tisanes) from a great diversity of edible plants
has increased considerably among the Mexican population. These plant
species include the genus Quercus, which has its diversification center in
Mexico, because of 450 species estimated worldwide, about 135–150
are from this country, and 86 are considered endemic (Nixon, 1998;
Zavala, 1998). Forty-one Quercus species (22 white and 19 red) occur in
Durango forest. For many civilizations, local ethnic groups (Mixtecos,
Tepehuanos, Totonacas and Tepehuas) have used Quercus species for
medicinal and food purposes (Luna-José et al., 2003). The use of these
herbal infusions as antioxidant nutraceuticals in traditional medicine is
a common practice.

Recently, tisanes prepared with the leaves of Mexican Quercus spe-
cies (Q. resinosa, Q. sideroxyla, Q. eduardii and Q. durifolia) have been
reported to exhibit antioxidant activity (Rocha-Guzmán et al., 2012) as
well as cardioprotective (Rivas-Arreola et al., 2010), anti-carcinogenic
(Rocha-Guzmán et al., 2009), anti-inflammatory (Moreno-Jiménez
et al., 2015), antimicrobial and anti-topoisomerase potential (Sánchez-
Burgos et al., 2013). Antioxidant activity and inhibitory activity of key

enzymes relevant for hyperglycemia and Alzheimeŕs disease were also
observed in hydromethanolic and aqueous extracts of leaves of other
Quercus species (Custodio et al., 2015; Haidi et al., 2017; Nugroho et al.,
2016).

These biological activities are thought to be associated, at least in
part, with the presence of phenolic compounds. Polyphenols, as a group
of secondary metabolites broadly distributed in plant-derived products,
have been shown to be responsible for many health benefits, including
cardio-protective, anti-cancer, anti-diabetic, anti-aging and neuropro-
tective effects (Scalbert et al., 2005). Therefore, the characterization of
polyphenols is of great importance, to confirm the potential health
benefits attributed to Quercus teas.

From a phytochemical point of view, Quercus tree is very interesting
because of the presence of different families of polyphenols. Different
parts of the tree (wood, bark, cork, acorns) have been extensively in-
vestigated (Cantos et al., 2003; Castro-Vázquez et al., 2013; Fernandes
et al., 2011; Fernández de Simón et al., 2006) due to their important
role in the maturation of wines inside oak barrels, in the wood industry
and human and animal nutrition (Haidi et al., 2017).

Bark and woods, mainly used in cooperages, are especially rich in
ellagitannins (castalagin, vescalagin, grandinin and roburins A–E) and

http://dx.doi.org/10.1016/j.jfca.2017.07.034
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a b s t r a c t

The nutritional characteristics and bioactive compound content in purees elaborated with guava-
strawberry, guava-blackberry, guava-soursop or guava-passion fruit were evaluated as well as their effect
on biochemical markers of hyperglycemic and hypercholesterolemic rats. Over a 4-week period, the
effects of each puree were examined. All purees presented a high content of indigestible fraction
(70.6–82.3 g/100 g), vitamin C (500–534.6 mg/100 g), soluble polyphenols (32.8–33 mg/g) and antioxi-
dant capacity. Several phenolic acids and flavonoids were identified. The addition of purees in the diet
increased the body weight of hyperglycemic rats (!7%), but decreased the body weight of hypercholes-
terolemic rats (!15%). All the purees decreased the levels of plasma glucose, urea and creatinine in hyper-
glycemic rats, as well as the total cholesterol and triacylglycerol levels in hypercholesterolemic rats. The
hepatic damage was reduced for all purees. These guava-purees represent a therapeutic alternative for
individuals with diet-related diseases problems such as hyperglycemia and hypercholesterolemia.

! 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Noncommunicable diseases (NCDs) are defined as chronic dis-
eases that are not transmitted from person to person. Alarmingly,
these diseases are increasing worldwide, affecting all age groups
(WHO, 2015). NCDs include obesity, hyperglycemia, hypercholes-
terolemia, hyperlipidemia, arteriosclerosis, diabetes mellitus
(DM) type II, hypertension and other cardiovascular diseases
(WHO, 2015). These metabolic disorders are known as a metabolic
syndrome, which increases the morbidity and mortality that along
with an increasingly aging society, creates a serious medical and
socioeconomic problem (Elleuch et al., 2011). It is known that

these pathologies decrease with the consumption of fresh fruits
and vegetables due to the significant amounts of vitamins, miner-
als, dietary fibre, indigestible fraction and bioactive compounds
that they have; which turn can control and prevent non-
degenerative diseases. Moreover the diets that are rich in these
vegetables may cause lower rates of mortality caused by NCDs
(Elleuch et al., 2011).

Thereforemany fruits and their components (stem, leaves, seeds
and by-products) have been investigated to study their effects on
health issues that include anti-hyperglycemic, hepatic steatosis,
anti-inflammatory, anti-cancer, cardioprotective, anti-obesity,
among others. The fruits that have been most studied are: guava
(Huang, Yin, &Chiu, 2011; Liu,Wang,Hsieh, Lu,&Chiang, 2015), ber-
ries (Afrin et al., 2016; Aqil et al., 2016;Mazzoni et al., 2016), passion
fruit (Kandandapani, Balaraman, & Ahamed, 2015) and soursop fruit
(Coria-Téllez, Montalvo-Gónzalez, Yahia, & Obledo-Vázquez, 2016).
These fruits arewidely acceptedby the consumers and are an impor-
tant source of vitamin C, vitamin E, pigments (anthocyanins or car-
otenoids), dietary fibre (DF) and polyphenols (Huang et al., 2011;
Meireles et al., 2015; USDA, 2011).

http://dx.doi.org/10.1016/j.jff.2017.06.022
1756-4646/! 2017 Elsevier Ltd. All rights reserved.
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ABSTRACT 

In recent times, a great deal of interest has been motivated on plant derived compounds known as nutraceuticals. 
These compounds exert important beneficial activities that improve people’s health status when are consumed 
regularly, and now they appear as a viable option to explore their possible therapeutic effects against diseases 
like cancer. Particularly, lupane-type triterpenes have shown great ability to modulate multiple cancer-related 
signaling pathways and processes, including NF-κB, Wnt/β-catenin, PI3K/Akt, apoptosis, and many other routes 
related to proliferation or cell death, which are uncontrolled in malignant tumors. These investigations have 
promoted in vitro and in vivo studies, searching their mechanisms of action; although more research is still need-
ed to prove its potential in human clinical trials. This review focuses on the ability of betulin, betulinic acid and 
lupeol to show benefits against the most common types of malignant tumors, which are considered a major glob-
al threat for public health. 
 
Keywords: lupeol, betulin, betulinic acid, cancer, signaling pathway 
 
 
 

INTRODUCTION 
In present times, non-communicable 

chronic diseases are responsible for about 
63 % of deaths worldwide. This group in-
cludes diabetes mellitus (DM), cardiovascu-
lar diseases (CVD), chronic respiratory dis-
eases (CRD) and cancer, being responsible 
for approximately 38 million of deaths per 

year; 75 % of these deaths (28 million) occur 
commonly in third world countries. 

Cancer is a generic term that comprises a 
large number of diseases that affect distinct 
parts of the human body. It is characterised 
by uncontrolled cell growth, and is capable 
to disseminate to different tissues from 
where it was originated (metastasis), leading 
to people´s death. Cancer is responsible for 
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Introduction
In recent years, the consumption of herbal infusions 

around the world has increased due to their benefi cial 
health eff ects. These beverages are prepared by placing a 
small amount of the selected plant material in freshly 
boiled water, allowing the preparation to steep for a short 
period of time (1). Although herbal infusions do not have 
any particular nutritional value, they represent an impor-

tant source of bioactive compounds such as polyphenols. 
It has been shown that these compounds can act by di-
verse mechanisms providing signifi cant protection against 
chronic diseases (2). For example, the consumption of 
some herbal polyphenols with antioxidant activity may 
regulate hypertension through inhibition of the angio-
tensin-converting enzyme (ACE), a key component in the 
renin-angiotensin aldosterone system which regulates 
blood pressure (3).
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Summary

Physicochemical properties, consumer acceptance, antioxidant and angiotensin-con-
verting enzyme (ACE) inhibitory activities of infusions and fermented beverages of Euca-
lyptus camaldulensis and Litsea glaucescens were compared. Among physicochemical param-
eters, only the pH of fermented beverages decreased compared with the unfermented 
infusions. No relevant changes were reported in consumer preference between infusions 
and fermented beverages. Phenolic profi le measured by UPLC MS/MS analysis demonstrat-
ed signifi cant concentration changes of these compounds in plant infusions and fermented 
beverages. Fermentation induced a decrease in the concentration required to stabilize 50 % 
of DPPH radical (i.e. lower IC50). Additionally, it enhanced the antioxidant activity mea-
sured by the nitric oxide scavenging assay (14 % of E. camaldulensis and 49 % of L. glauce-
scens); whereas relevant improvements in the fermented beverage were not observed in the 
lipid oxidation assay compared with unfermented infusions. The same behaviour was ob-
served in the inhibitory activity of ACE; however, both infusions and fermented beverages 
had lower IC50 than positive control (captopril). The present study demonstrated that fer-
mentation has an infl uence on the concentration of phenolics and their potential bioactivity. 
E. camaldulensis and L. glaucescens can be considered as natural sources of biocompounds 
with antihypertensive potential used either as infusions or fermented beverages.

Key words: herbal infusions, fermented beverages, kombucha, antioxidant activity, polyphe-
nols

______________________________
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a b s t r a c t

The aim of this study was to determine the effect of chitosan (CH), salicylic acid (SA) and hydrogen
peroxide (H2O2) at different concentrations on the antinutritional and nutraceutical content, as well as
the antioxidant capacity of bean sprouts (cv Dalia). All elicitors at medium and high concentrations
reduced the antinutritional content of lectins (48%), trypsin inhibitor (57%), amylase inhibitor (49%)
and phytic acid (56%). Sprouts treated with CH, SA and H2O2 (7 lM; 1 and 2 mM, and 30 mM respectively)
increased the content of phenolic compounds (1.8-fold), total flavonoids (3-fold), saponins (1.8-fold) and
antioxidant capacity (37%). Furthermore, the UPLC-ESI-MS/MS analysis showed an increase of several
nutraceutical compounds in bean sprouts treated with SA such as coumaric (8.5-fold), salicylic
(115-fold), gallic (25-fold) and caffeic (1.7-fold) acids, as well as epigallocatechin (63-fold), rutin
(41-fold) and quercetin (16.6-fold) flavonoids. The application of elicitors in bean seed during sprouting
enhances their nutraceutical properties.

! 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Common bean (Phaseolus vulgaris L.) is the most important
legume worldwide, and is an excellent source of high quality
proteins, as well as starch, dietary fiber, minerals and vitamins.
Furthermore, beans are a rich source of bioactive compounds with
several health benefits such as phenolic acids, flavonoids, non-
digestible polysaccharides, saponins and phytosterols (Ramírez-
Jiménez, Reynoso-Camacho, Tejero, León-Galván, & Loarca-Piña,
2015).

In addition, common bean has antinutritional compounds such
as phytic acid, protease inhibitors (trypsin and chymotrypsin),
a-amylase inhibitors and lectins, which decrease the bioavailability

of trace elements, carbohydrates and proteins (Doria, Campion,
Sparvoli, Tava, & Nielsen, 2012). Therefore, the inactivation or
removal of these undesirable components is essential to improve
the nutritional quality of common bean (Shimelis & Rakshit, 2007).

In recent years, the consumption of low-processed food has
increased, and sprouting represents an effective process to
improve the nutritional quality of legumes (Tang, Dong, Ren, Li,
& He, 2014). Several studies have reported that common bean
sprouts have higher levels of nutrients and a lower content of
antinutrients as compared to dry seeds (López et al., 2013). Fur-
thermore, phenolic composition and dietary fiber levels are
enhanced during bean germination (Dueñas et al., 2016).

On the other hand, the application of exogenous elicitors, such
as salicylic acid, during germination of common bean seeds
enhances seedling growth and increases their content of total sol-
uble phenolic compounds (Limón, Peñas, Martínez-Villaluenga, &
Frias, 2014; Rivas-San Vicente & Plasencia, 2011). Similarly, it has

http://dx.doi.org/10.1016/j.foodchem.2016.05.110
0308-8146/! 2016 Elsevier Ltd. All rights reserved.
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a b s t r a c t

Lupeol exhibits anti-inflammatory effects; unfortunately it shows low water solubility. An alternative to
overcome this is the development of nanomaterials. Several methods for nanomaterial production are
available. One of them is emulsification/solvent-evaporation. The objective of the present work was to
evaluate physical properties, transport and in vitro modulator effects on NF-kB of poly (lactide-co-gly-
colide) (PLGA) nanoparticles loaded with lupeol. Nanonutraceuticals were prepared with 16% (w/v) of
lupeol. Size distribution and morphology were measured by particle size analyzer and TEM. In vitro
release of lupeol was studied by three different models: Higuchi, Siepmann & Peppas, and Power law.
Transport of nanonutraceutical was studied in a Caco-2 cell model and by GCeMS. Modulator effect on
NK-kB was studied by western blot analysis. Nanonutraceuticals were 10% larger than the nanoparticles
without lupeol (372 vs 337 nm) and presented a broader size distribution (0.28 vs 0.22). TEM results
displayed spherical structures with a broader size distribution. Entrapment efficiency of lupeol was
64.54% and it in vitro release data fitted well to the Power law and Higuchi equation (R > 0.84e0.84).
Strong regulation of NF-kB of nanonutraceutical was observed. It was not observed any transport across
the Caco-2 cell model at the different experimental conditions.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Several natural compounds show biological effects, as the pen-
tacyclic triterpenes. They are based on a 30-carbon skeleton

comprising 5 six-membered rings (ursanes and lanostanes) or 4
six-membered rings and 1 five-membered ring (lupanes and
hopanes) (Wal et al., 2011). They can be found in the balsam, and
plant resins (Muffler et al., 2011); and usually in the diet, where a
consumption of 250 mg per day is estimated for this compound
(Saleem, 2009). One of them is lupeol, a lupane-type pentacyclic
triterpene present in diverse plants such as Japanese pear, aloe leaf,
mango pulp extract, ginseng oil, etc. (Siddique and Saleem, 2011).

Regarding to its anti-inflammatory effect, lupeol has shown
inhibitory activities on pro-inflammatory cytokines such as IL-2,
IFN-g and TNF-a (Bani et al., 2006; Ahmad et al., 2010), IL-4, IL-5,
eosinophils reduction (Vasconcelos et al., 2008) and effect against
pro-inflammatory enzymes like iNOS and COX-2 (Saleem et al.,
2004; S!anchez-Burgos et al., 2013).
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a  b  s  t  r  a  c  t

Lupeol  [lup-20(29)-en-2-ol]  is found  mainly  on  the  surface  of  plant  barks,  stems,  leaves  and  fruits  waxes.
This  research  explored  oaks  leaves  of  several  species  (Quercus  resinosa,  Q.  grisea,  Q. laeta  and  Q. obtusata)
as  potential  source  of lupeol.  It  was  extracted  from  Quercus  leaves  by  maceration  with  CHCl3 at 35 ◦C,
followed  by a  purification  in  silica  column  (normal  phase),  and  using  as  mobile  phase  hexane  (100%),
hexane:ethyl  acetate  (90:10)  and  hexane:ethyl  acetate  (80:20).  Lupeol  in oak  leaves  was  identified  by 13C
NMR  and  quantified  by GC–MS.  Quercus  obtusata  leaves  were  an  abundant  source  of lupeol  (173.59  !g/g  of
sample).  Anti-cyclooxygenase  activity  has  been  used  for  determining  bioactivity  of  lupeol  in  this  research.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Nutraceuticals are recognized as biologically active substances
present in natural products and foods that when consumed in con-
centrated form have demonstrated beneficial effects on the health.
Plants are the most commonly sources of natural bioactive com-
pounds, which may  specifically be helpful in the treatment of
certain diseases. Quercus species commonly known as oaks have an
important distribution in Mexico. Particularly the state of Durango,
Mexico, possesses large forest areas with 41 Quercus species, from
which 22 are whites and 19 are reds (Rosales-Castro et al., 2011). As
reported, Quercus spp. leaves contain tannins, alkaloids, saponins,
cardiac glycosides and steroids (Sánchez-Burgos et al., 2013), and
have shown antioxidant, antimicrobial, antitopoisomerase and gas-
troprotective effects. Infusions of Quercus species has been used
in folk medicine as treatment for several inflammatory diseases
(Maxia et al., 2005).

Inflammatory diseases are one of the major problems in many
pathophysiologies such as gastrointestinal disorders. There are

∗ Corresponding author.
E-mail address: nrocha@itdurango.edu.mx (N.E. Rocha-Guzmán).

many alternatives to treat inflammatory processes, some of which
involve the use of nonsteroidal anti-inflammatory drugs (NSAIDs).
However, the low enzymatic selectivity of these drugs and the
abuse in their consumption cause health problems. This is due to
the non-selective inhibition of NSAIDs on cyclooxygenase cyto-
quines. Therefore, it is justified to explore natural alternatives,
which involve the use of bioactive nutraceuticals without side
effects as the associated with the prolonged use of NSAIDs (Kumari
and Kakkar, 2012).

Among  the nutraceutical recognized with major biological
potential as anti-inflammatory activity are triterpenes. Lupeol is
a pentacyclic triterpene found in many medicinal plants and some
fruits (Deyrup et al., 2014; Hernández-Vázquez et al., 2010). This
chemical constituent has shown diverse biological effects such
as: antioxidant, anti-topoisomerase, antitumor, anti-inflammatory,
among other activities (Santiago and Mayor, 2014; Zhang et al.,
2015; Kumari and Kakkar, 2012).

Lupeol is distributed along the plant kingdom, and is found in
olive fruit, mango fruit, Aloe leaves, Elm Plant, Japanese pear, Gin-
seng oil (Saleem, 2009) and fig (Santiago and Mayor, 2014) among
others, in concentrations between 3 and 880 !g/g of sample. Con-
sidering the health benefits that this triterpene provides, the main
objective of the present work was to explore new natural sources to

http://dx.doi.org/10.1016/j.indcrop.2015.09.056
0926-6690/© 2015 Elsevier B.V. All rights reserved.
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a b s t r a c t

Ethnopharmacological relevance: A common plant used to treat several gastric disorders is Buddleja
scordioides Kunth, commonly known as salvilla.
Aim of the study: To detect inflammatory markers, in order to evaluate the gastroprotective potential of
salvilla infusions, as this could have beneficial impact on the population exposed to gastric ulcers and
colitis.
Materials and methods: The present work attempted infusions were prepared with B. scordioides (1% w/
w) lyophilized and stored. Total phenolic content and GC–MS analysis were performed. Wistar rats were
divided into five groups (n¼8), a negative vehicle control, an indomethacin group, and three
experimental groups, named preventive, curative, and suppressive. All rats were sacrificed under deep
ether anesthesia (6 h) after the last oral administration of indomethacin/infusion. The rat stomachs were
promptly excised, weighed, and chilled in ice-cold and 0.9% NaCl. Histological analysis, nitrites
quantification and immunodetection assays were done.
Results: B. scordioides infusions markedly reduced the visible hemorrhagic lesions induced by indo-
methacin in rat stomachs, also showed down-regulation of COX2, IL-8 and TNFα and up-regulation of
COX-1 with a moderate down-regulation of NFkB and lower amount of nitrites. However, this behavior
was dependent on the treatment, showing most down-regulation of COX-2, TNFα and IL-8 in the curative
treatment; more down-regulation of NF-kB in the preventive treatment; and more up-regulation of COX-
1 for the suppressor and preventive treatments.
Conclusion: The anti-inflammatory potential of B. scordioides infusions could be related with the
presence of polyphenols as quercetin in the infusion and how this one is consumed.

& 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Gastric ulcer is a recurrent chronic illness that affects approxi-
mately 10% of the world population (Zapata-Colindres et al., 2006).
A peptic ulcer is an erosion or mucosal injury in the stomach
(gastric ulcers) or in the upper small intestine (duodenal ulcers).
Gastrointestinal ulcers are one of the most common diseases of

man and can lead to cancer. Gastric ulcer is caused by varieties of
both endogenous and exogenous factors, which include acid
conditions, pepsin, stress and noxious agents such as alcohol,
non-steroidal anti-inflammatory drugs (NSAID), Helicobacter pylori
bacteria, smoking and alcohol consumption (Syam et al., 2009).
Those factors tend to generate free radicals (ROS), which can be
related with several health diseases.

Indomethacin is a non-selective non-steroidal anti-inflammat-
ory drug (NSAID) that carries warnings to adults, when prescribed
orally for rheumatoid and osteoarthritis. Its toxicity to the gastro-
intestinal tract namely the induction of bleeding, ulcerations and
perforation of stomach or intestines, may be fatal. This serious
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a b s t r a c t

Plant infusions are consumed due to their beneficial effects on health, which is attributed to their bioac-
tive compounds content. However, these compounds are susceptible to degradation during processing
and storage. The objective of this research was to evaluate the effect of stevia and citric acid on the sta-
bility of phenolic compounds, antioxidant capacity and carbohydrate-hydrolysing enzyme inhibitory
activity of roselle beverages during storage. The optimum extraction conditions of roselle polyphenolic
compounds was of 95 !C/60 min, which was obtained by a second order experimental design. The incor-
poration of stevia increased the stability of colour and some polyphenols, such as quercetin, gallic acid
and rosmarinic acid, during storage. In addition, stevia decreased the loss of ABTS, DPPH scavenging
activity and a-amylase inhibitory capacity, whereas the incorporation of citric acid showed no effect.
These results may contribute to the improvement of technological processes for the elaboration of
hypocaloric and functional beverages.

" 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The interest of consumers for food products that may be used to
promote health has led to an increase on the formulation and com-
mercialisation of tea-based drinks, which may be rich in phyto-
chemicals, and have properties that may reduce the risk of
diseases, such as obesity, diabetes, cardiovascular and neurodegen-
erative diseases, and cancer (Pandey & Rizvi, 2009). The metabolic
alterations associated with diabetes can be controlled through the
reduction of hyperglycaemia, by means of the inhibition of intesti-
nal enzymes related with carbohydrate degradation, such as a-
amylase and a-glucosidase (Sales, Monteiro, Simeoni, Oliveira, &
Silveira, 2012), along with the reduction of oxidative stress
(Elsayed, 2001).

Roselle flowers (Hibiscus sabdariffa L.) are used in Mexico to pro-
duce a deep red-coloured drink, obtained by thermally treating

dehydrated calyxes, yielding a polyphenolic-rich beverage
with antioxidant, antiinflammatory and antidiabetic properties
(González-Stuart, 2011). However, the bioactive compounds found
in roselle, such as flavonoids and anthocyanins, are unstable and
may be degraded during the preparation of a beverage, forming
colourless or brown-coloured products, with a further loss of most
of their beneficial health properties (Domínguez-López,
Remondetto, & Salvador, 2008).

Therefore, studies have been undertaken to evaluate the detri-
mental effect of processing and storage on anthocyanin stability.
The use of low temperatures during extraction (Cissé, Vaillant,
Kane, Ndiaye, & Dornier, 2011) and storage (Turker, Aksay, &
Ekiz, 2004), as well as protection from light (Song et al, 2013) have
proved to be favourable for pigment protection. Recently, the effect
of additives, such as food-grade organic acids and sweeteners, have
been evaluated. A recent study evaluated the effect of various
organic acids on colour retention during storage, and found that
acetic acid improved colour stability in both elderberry and black
currant juices, whilst the incorporation of citric and tartaric acids
only improved this parameter in elderberry juice. (Hubbermann,

http://dx.doi.org/10.1016/j.foodchem.2014.09.126
0308-8146/" 2014 Elsevier Ltd. All rights reserved.
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ABSTRACT 
Psidium guajava L. (Myrtaceae) is a native plant of Central America and is now widely cultivated in many trop-
ical regions of the world for the fruit production. In Mexico, in the guava orchards common practices to control 
fruit production are: water stress, defoliation and pruning. In this study, we report the chemical composition of 
the biomass (branches and leaves) generated in the pruning practices. The results ranged as follows: pH (4.98-
5.88), soda solubility (39.01-70.49 %), ash (1.87-8.20 %); potassium and calcium were the major inorganic ele-
ments in ash. No heavy metals were detected in the studied samples; total solubility (15.21-46.60 %), Runkel 
lignin (17.77-35.26  %), holocellulose (26.56 -69.49 %), α-cellulose (15.53-35.36 %), hemicelluloses (11.02-
34.12 %), tannins in aqueous extracts (3.81-9.06 %), and tannins in ethanolic extracts (3.42-15.24 %).  
 
Keywords: Psidium guajava, pH, ash, extractives, polysaccharide, tannins 
 
 
 

INTRODUCTION 
Psidium guajava L. belongs to the Myr-

taceae family. It is a native of Central Amer-
ica but is now widely cultivated, distributed 
and the fruits enrich the diets of millions of 
people in the world tropics (Rathish and Su-
mitra, 2007; El-Mahmood, 2009). In Mexi-
co, the States with the largest fruit produc-
tion are Michoacan (42 %), Aguascalientes 
(35 %) and Zacatecas (15 %), the rest (8 %) 
belongs to other states (González Gaona et 
al., 2002). In Michoacan, the maximum fruit 
production falls into three municipalities lo-
cated in the eastern area of the state: Jun-

gapeo (2,500 hectares), Benito Juárez (1,500 
hectares) and Zitácuaro (1,000 hectares) 
(Mendoza Lopez et al., 2005). In these guava 
orchards common practices to control fruit 
production are: water stress, defoliation and 
pruning; pruning is the most used activity.  

P. guajava is a well known traditional 
medicinal plant used in some indigenous sys-
tems throughout the world. All parts of this 
tree, including roots, bark, leaves, seeds, and 
the fruits have been used for treatment gas-
trointestinal problems. Leaves, pulp and 
seeds are used as an antispasdomic, anti-
inflammatory, and anti-diarrheic, to treat 



Metabolite Profile, Antioxidant Capacity, and Inhibition of Digestive
Enzymes in Infusions of Peppermint (Mentha piperita) Grown under
Drought Stress
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ABSTRACT: Peppermint (Mentha piperita) infusions represent an important source of antioxidants, which can be enhanced by
inducing abiotic stress in plants. The aim of this study was to evaluate the effect of drought stress on peppermint cultivation as
well as the metabolite profile, antioxidant capacity, and inhibition of digestive enzymes of resulting infusions. At 45 days after
planting, irrigation was suppressed until 85 (control), 65, 35, 24, and 12% soil moisture (SM) was reached. The results showed
that 35, 24, and 12% SM decreased fresh (20%) and dry (5%) weight. The 35 and 24% SM treatments significantly increased
total phenolic and flavonoid contents as well as antioxidant capacity. Coumaric acid, quercetin, luteolin, and naringenin were
detected only in some drought treatments; however, in these infusions, fewer amino acids and unsaturated fatty acids were
identified. The 24 and 12% SM treatments slightly improved inhibition of pancreatic lipase and α-amylase activity. Therefore,
induction of moderate water stress in peppermint is recommended to enhance its biological properties.
KEYWORDS: peppermint infusion, drought stress, phenolic compounds, antioxidant capacity, inhibition of enzyme activity

■ INTRODUCTION
Herbal infusions are widely consumed because of the phenolic
compounds that they contain. These compounds are
considered the most abundant natural antioxidants in food
and are recommended for inclusion in the diet because of the
health benefits that they can produce. One of the most popular
herbal preparations is peppermint (Mentha piperita) infusion.
This plant has a phenolic compound content in leaves of
approximately 19−23% dry weight, of which 12% are
flavonoids, such as eriocitrin, rosmarinic acid, hesperidin, and
luteolin.1 Approximately 75% of these compounds can be
extracted in the preparation of an infusion, and many of them
have been shown to have antioxidant, hypolipidemic,
antidiabetic, and antitumoral properties.2,3 Other important
components found in peppermint leaves are fatty acids, volatile
compounds, chlorophyll, α- and γ-tocopherols, and ascorbic
acid.1

Several studies have demonstrated that peppermint extracts
decrease glucose, total cholesterol, triacylglycerols, very low-
density lipoprotein (VLDL), and low-density lipoprotein
(LDL) levels, thus decreasing the atherogenic index in diabetic
rats.4,5 These health benefits can be enhanced using preharvest
strategies to increase bioactive compounds in the peppermint
leaves. In a wide variety of plant species, deficit irrigation has
been shown to enhance the synthesis of several phytochemicals,
including phenolic acids, flavonoids, and tannins, as a response
to stress constraints.6 Under stress conditions, increased
reactive oxygen species (ROS) production is observed in
different cellular compartments, leading to the activation of the
antioxidant system, which synthesizes phenolic compounds.

Nevertheless, the use of drought stress as a strategy to improve
phytochemicals in plants should be carefully applied to avoid
the detrimental effects of excessive ROS production, such as
cellular damage and death.7 Therefore, the aim of this study was
to cultivate peppermint (M. piperita) at different levels of
drought stress and to evaluate the effect on plant growth as well
as on the metabolite profile, antioxidant capacity, and inhibitory
activity on digestive enzymes of resulting infusions.

■ MATERIALS AND METHODS
Reagents and Biological Materials. The peppermint plants were

purchased from a local plant nursery, Floraplant S.A. de C.V. (Mexico)
and taxonomically identified in the herbarium “Dr. Jerzy Rzedowski” of
the Natural Science Department of Universidad Autońoma de
Queretaro. 1,1-Diphenyl-2-picrylhydrazyl radical, 2,20-azinobis(3-
ethylbenzthiazoline-6-sulfonic acid), sodium nitroprusside, lipase
from porcine pancreas (type II), 4-nitrophenyl butyrate, α-amylase,
p-nitrophenyl-α-D-glucopyranoside, α-glucosidase, caffeic, coumaric,
sinapic, and rosmarinic acids, eriocitrin, naringenin, rutin, vanillin,
luteolin, quercetin, and hesperidin were purchased from Sigma-Aldrich
(St. Louis, MO).

Plant Growth Conditions and Measurement of Growth
Parameters. The plants were grown in a greenhouse at the
Universidad Autońoma de Queretaro in pots with a diameter of 40
cm, with irrigation every 3 days [85% soil moisture (SM)] during the
first 45 days. Mean daily temperature inside the greenhouse was within
optimal ranges for peppermint growth (19−25 °C).1 Fertilization was
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a b s t r a c t

Infusions are widely consumed all over the world and are a source of dietary antioxidants, which can be
improved in plants using elicitors. The aim of this study was to evaluate the foliar application of salicylic
acid (SA) (0.5, 1 and 2 mM) or hydrogen peroxide (H2O2) (0.05, 0.1 and 0.5 mM) on peppermint (Mentha
piperita) plants and its effect on the metabolite profile and antioxidant capacity of resulting infusions.
Whereas 2 mM SA treatment improved plant growth parameters and metabolite profile (carbohydrates
and amino acids), 0.5 and 1 mM SA treatments increased phenolic compound concentration. Sinapic acid,
rutin and naringin were detected only in SA treatments; antioxidant capacity was also improved. Regard-
ing H2O2 treatments, no differences in plant growth parameters, metabolite profile or antioxidant capac-
ity were found. Therefore, the application of SA to peppermint is recommended in order to improve
bioactive compounds and the antioxidant capacity of infusions.

! 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Herbal infusions are aromatic beverages prepared by pouring
hot or boiling water over dry parts of plants. These infusions are
some of the most widely consumed beverages in the world, provid-
ing a major source of dietary phenolic compounds, which are
considered the most abundant natural antioxidants. In Mexico,
approximately 80% of the population consumes infusions on a
regular basis, and one of the most popular is prepared from
peppermint (Mentha piperita) (Rivera et al., 2008).

Among the major components found in peppermint leaves are
fatty acids such as linoleic, linolenic and palmitic acid. A variety
of volatile compounds, mainly menthol, menthone and isomenth-
one have also been identified along with b-carotene, chlorophyll,
a- and c-tocopherols and ascorbic acid. Other important com-
pounds found in peppermint are phenolic compounds. The propor-
tion of phenolic compounds found in peppermint leaves is
approximately 19–23% dry weight, of which 12% belongs to the
flavonoids group, including eriocitrin, rosmarinic acid, hesperidin
and luteolin 7-O-rutinoside, among others. 75 percent of these

compounds can be extracted in an infusion (McKay & Blumberg,
2006). It has been reported that flavonoids exert many beneficial
effects on health which is linked to their known biological
functions as antioxidants, due to their free radical scavenging
and metal chelating properties (Pawlak et al., 2010).

Phenolic compounds are involved in various plant processes
such as growth and reproduction and are also synthesized as a de-
fence mechanism against biotic or abiotic stress (Cohen & Kennedy,
2010); therefore, their production can be enhanced by treatment
with certain compounds, termed elicitors, which are defined as a
substance that, when introduced in small concentrations to a living
system, initiates or improves the biosynthesis of specific com-
pounds (Edreva et al., 2008; Ferrari, 2010). Salicylic acid (SA) is a
phenolic compound that shows great potential as an elicitor in
plants. It occurs naturally in plants in small amounts and partici-
pates in the regulation of physiological processes such as stomatal
closure, nutrient uptake, chlorophyll and protein synthesis, tran-
spiration and photosynthesis (Raskin, 1992). Low concentrations
of exogenously applied SA interact with stress-signalling mecha-
nisms and induce phenolic compound synthesis (Gharib, 2007;
Ghasemzadeh & Jaafar, 2012; Khandaker, Akond, & Oba, 2011).
Catalase and ascorbate peroxidase are the main enzymes involved
in the removal of H2O2 in plants and their activities can be

http://dx.doi.org/10.1016/j.foodchem.2014.01.101
0308-8146/! 2014 Elsevier Ltd. All rights reserved.
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tion with the kombucha consortium significantly
increased the product’s acceptability (up to 5 units)
and decreased its pH (2 units). 

Introduction
Kombucha is a popular beverage that originated in
Northeast China or Manchuria and then spread to
Russia, Germany and the rest of the world [1]. Kom-
bucha tea is an effervescent and sour drink that is
a product of the biotransformation of sweetened
black tea (Camellia sinensis) by means of the sym-
biotic action of a consortium formed by acetic acid
bacteria (Bacterium xylinum, B. xylinoides, B. glucon-
icum, among others) and yeasts (Saccharomyces lud-
wigii, S. apiculatus varieties, Schizosaccharomyces
pombe, among others) [2]. The symbiosis of the
kombucha consortium may vary depending on ge-
ographic and climatic conditions as well as on the
local species of wild yeasts and bacteria [3].
The fermentation process involves the activity of
yeasts that ferment glucose and fructose to ethanol,
which is then oxidised to acetic acid by acetic acid
bacteria. The main source of carbon in this process
is sucrose. The sugar is hydrolysed by the enzyme
invertase from yeast present in the kombucha con-
sortium, producing ethanol via the metabolic path-
way of glycolysis, with a preference for fructose as
the substrate. Subsequently, acetic bacteria convert
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Abstract
The potential use of non-timber products as alter-
native sources of functional beverages such as kom-
bucha analogues was evaluated. The fermentation
of sweetened oak herbal infusions (Quercus resinosa)
with the kombucha consortium was explored. The
following conditions of the fermentation process
induced by the action of the kombucha consortium
were assessed: sensory acceptability and pH, colour
and chemical changes (phenolic composition). The
chemical analysis showed the presence of hydroxy -
benzoic and hydroxycinnamic acid derivatives,
flavonoids, flavonols and flavanones, which are re-
lated to the antioxidant capacity of the product
obtained. The metabolic consumption of flavan-3-
ols and hydroxybenzoic acid derivatives as well as
the production of organic acids (succinic acid) has
decreased the astringency and bitterness, improving
the product’s quality and acceptability. Fermenta-
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a  b  s  t  r  a  c  t

Leaves  from  four  species  of  white  oaks  (Quercus  resinosa,  Quercus  laeta,  Quercus  grisea,  and  Quercus
obtusata)  were  investigated  for  the  evaluation  and  comparison  of their  antioxidant,  antimicrobial,  anti-
topoisomerase,  and  anti-proliferative  activities.  DPPH  and  hydroxyl  radical  scavenging  capacities  were
tested  in  vitro.  Results  indicated  that aqueous  extracts  from  leaves  of  Quercus  laeta  and  Q.  grisea  displayed
higher  radical  scavenging  activity,  while  extracts  from  Q.  grisea  and  Q.  obtusata  were  more  efficient  in
inhibiting  the  degradation  of  deoxyribose,  preventing  the  formation  of  hydroxyl  radicals.  Polar  extracts
showed  different  degrees  of  antimicrobial  activity,  presenting  Q.  resinosa  leaves  a  broader  spectrum.  In
the  anti-topoisomerase  assay  only  Q.  resinosa  leaves  infusions  showed  activity.  The  investigation  indicates
that  the  biological  activity  of  aqueous  extracts  from  oak  leaves  promises  a  more  rational  and  effective
application  of this  resource  in the  near  future.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Quercus trees, commonly known as oaks, belong to the family
Fagaceae. They comprise 450 species worldwide, with an impor-
tant distribution in Mexico, where are present 135–150 species,
86 of them are considered endemic (Luna-José et al., 2003). The
state of Durango, Mexico, possesses extent woodland resources
covered by template species mainly represented by mixed pine and
oaks forests (Corral and Navar Chaidez, 2005). In Durango, Mexico
forests inhabit 41 Quercus species, from which 22 are white and 19
are red (Rosales-Castro et al., 2011).

Research on natural products with potential therapeutic bene-
fits represents an area of great interest in which herbal products had
been the most important source. Phytochemical compounds allow
us to understand plant physiology and biochemical pathways and
propose a sustainable handling for each particular product. This
potential source for non-timber products, including nutraceutical
ingredients, has not been explored.

In Mexican traditional medicine the use of plants on the form
of infusion or plasters is a common practice. Chemoprevention

∗ Corresponding author. Tel.: +52 618 8186936x112; fax: +52 618 8186936x112.
E-mail  addresses: nuria@itdposgrado-bioquimica.com.mx,

nrochaguzman@gmail.com (N.E. Rocha-Guzmán).

with dietary substances is an important area of research and
entails using non-toxic substances to interfere with carcinogen-
esis (Johnson et al., 2010). There are worldwide efforts to discover
anticancer agents from plants (Demain and Vaishnav, 2011). Some
phytochemicals as ellagitanins (type of polyphenols) have shown
antioxidant, gastroprotective (Beserra et al., 2011) and anticancer
properties (Umesalma and Sudhandiran, 2011).

Several methods have been proposed to link biochemical
mechanism to carcinogenesis (Shureiqi et al., 2000). An exam-
ple is topoisomerase inhibitors which constitute a class of agents
that inhibit carcinogenesis via their antiproliferative or cell-
differentiating action and are considered an attractive targeting
strategy in chemotherapy and chemoprevention (Cho et al., 2000).

The aim of this work was  to investigate the in vitro antioxidant,
antitopoisomerase, antimicrobial, anticiclooxigenase and antipro-
liferative activities of herbal infusions (teas) from the leaves of
Quercus resinosa, Quercus grisea, Quercus laeta and Quercus obtusata.

2. Material and methods

2.1.  Biological material

Saccharomyces cerevisiae mutant cells JN362a, JN394, JN394 t−1,
JN394t2–4 and JN394t2–5 were kindly provided by Dr. John Nitiss of
St. Jude Children’s Research Hospital, Memphis, TN, USA. Standard

0926-6690/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.indcrop.2012.05.017
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The phenolic content and antioxidant activities of extracts from Quercus durifolia, Quercus resinosa, 
Quercus eduardii and Quercus sideroxyla leaves were studied. Extracts were obtained by successive 
extraction with aqueous acetone (70%) followed by methanol (50%). Antioxidant activities were 
determined using a single electron transfer (SET) and hydrogen atom transfer (HAT) based assays. For 
SET-based the assays performed were, 2,2-diphenyl-1-picryl hydrazine (DPPH) inhibition expressed as 
IC50, redox potential, as mV, inhibition of the low density lipoprotein (LDL) oxidation, as % of inhibition. 
For HAT-based assay, crocin bleaching technique was applied; a kinetics approach was used for the 
evaluation of total antioxidant capacity and the results presented in terms of equivalence by weight of a 
reference antioxidant. Acetone extracts (PFQA) from leaves of all Quercus species showed the best 
antioxidant capacity. Q. resinosa (PFQr) exhibited the best antioxidant capacity among the Quercus 
species analyzed either in acetone or methanol extracts (PFQM). Distinctive results are: DPPH IC50, 
PFQrA = 78.3 µg/g, PFQrM = 250.7 µg/g; In Redox potential, PFQrA = 147.0 mV, PFQrM = 201.6 mV; In 
LDL oxidation inhibition: 98.2% and in inhibition of crocin bleaching, PFQrA = 1.08 g, PFQrM = 0.98 g. In 
conclusion, Quercus leaves might be used as potential source of polyphenolic antioxidants. 
 
Key words: Quercus sp., SET-based assay, HAT-based assay, phenolic compounds, antioxidant activity. 

 
 
 
INTRODUCTION 
 
On recent times the use of plants, vegetables, herbs and 
spices used in folk and traditional medicine have gained 
a wide acceptance as an important source for new 
chemicals discovery (Afolayan et al., 2008). Currently, 
there  is   an   increased   interest   for   new   sources   of 

compounds with evidenced biological activity, among 
which are natural antioxidants. These compounds can 
prevent the damage to macromolecules and cells by 
interfering with free radicals, usually implicated in the 
etiology  of  several  diseases  such   as   atherosclerosis,  
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Evaluation of culinary quality and antioxidant capacity for Mexican common 
beans (Phaseolus vulgaris L.) canned in pilot plant

Abstract

Common beans are rich in bioactive phytochemicals such as polyphenolic compounds. 
Unfortunately, they need to be thermally processed to be consumed. The health benefits 
related to common beans comsumption depends mainly on their thermal processing. 
The objective of this work was to evaluate the effect of thermal processes on the 
antioxidant capacity and industrial quality of four Mexican common beans cultivars 
(Black bean 8025, Pinto Saltillo, Pinto Durango, and Bayo Victoria). The common 
beans were thermally processed by two methods: sterilization (canning), and open 
pan cooking. Optimal cooking time and Fo parameter (Defined as being equivalent, in 
sterilizing capacity, to the cumulative lethal effect of all time/temperature combinations 
experienced at the slowest heating point) were obtained for each cultivar. Grain size, 
water absorption capacity (WAC), oil absorption capacity, integrity and color were 
the physical parameter evaluated. Chemical parameters analyzed were total phenolic 
content (TPC), and DPPH radical scavenging activity. Bayo beans showed biggest 
size, Pinto beans, medium size, and Black beans, the smallest size. Lowest optimal 
cooking time (open pan) was observed in Pinto Saltillo cultivar. Lowest Fo parameter 
of the container during the thermal process was observed for Bayo Victoria cultivar. 
Higher WAC values were observed in Bayo Victoria and Black bean cultivar (open 
and canned). Higher value of integrity was found for Bayo Victoria beans. After any 
thermal processing  L* value was lower in all cultivars. Higher values of TPC in cooked 
common beans cultivars were observed in Black beans and Bayo Victoria cultivars. 
Lower IC50 value in DPPH test was observed in canned Black beans and Bayo Victoria 
cultivars.

Introduction

Common edible beans (Phaseolus vulgaris L.) 
are one of the basic foods in Africa, India, and Latin 
America. Pinto beans are preferred in the North of 
Mexico and the Southwestern of United States, while 
Central and South of Mexico, Central America and 
South America eat mostly colored beans (including 
black beans). Common bean is a legume considered 
a functional food because it contains bioactive 
phytochemicals, such as polyphenols and tannins, 

which show antioxidant capacity (Dueñas et al., 
2005; Oomah et al., 2005). 

In vitro antioxidant activities and phenolic 
compounds in raw (unprocessed) pinto and black 
beans, yellow and black soybeans have been reported 
in several studies (Madhujith et al., 2004; Oomah et 
al., 2005; Xu and Chang, 2007). They indicate that 
common beans may serve as an excellent dietary 
source of natural antioxidants for disease prevention 
and health promotion. However, the health-promoting 
capacities of common beans could depend on their 
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a b s t r a c t

Bioactive compounds (polyphenols, flavonoids, flavanols, tannins, anthocyanins and ascorbic acid) and
the level of antioxidant activity by ABTS, DPPH, FRAP and CUPRAC of water, acetone and hexane extracts
of Chilean ‘Murtilla’ (Ugni molinae Turcz) and ‘Myrteola’ berries (Myrtaceae, Myrteola nummularia
(Poiret) Berg.), Chilean and Polish blueberries (Vaccinium corymbosum), Chilean raspberries (Rubus
idaeus), and Polish black chokeberry (Aronia melanocarpa) were determined and compared. It was found
that the contents of the bioactive compounds and the levels of antioxidant activities in used extracts
differ significantly (P < 0.05). The correlation between the total polyphenols, flavanols and the antiox-
idant activities was significantly the highest in water, average in acetone and the lowest in hexane
extracts. Fourier transform infrared (FTIR) spectroscopy was applied as an additional tool for the char-
acterization of the water polyphenol extracts. Aqueous extracts of investigated berries were subjected to
different times of thermal processing. Bioactive compounds and the levels of antioxidant activities by
2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid) diammonium salt (ABTSþ); 1,1-Diphenyl-2-
picrylhydrazyl method (DPPH); Ferric-reducing/antioxidant power (FRAP) and Cupric reducing antioxi-
dant capacity (CUPRAC) after 10, 20, 40 and 60 min of thermal processing were determined and
compared with non processed samples. It was found that the antioxidant activity only of berries sub-
jected to thermal processing for 10 and 20 min did not differ from the non thermally processed studied
berries, showing high correlation between the total polyphenols, flavanols and the antioxidant activities.
In conclusion, thermal treatment of studied berries influences their quality: only berries after 10 and
20 min of thermal processing preserved their bioactivity.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Polyphenolic compounds, which present in berries, fruits and
vegetables important not only in terms of quality, as they influence
the visual appearance and taste, but also from a therapeutical point
of view, as they appear to be associated with the prevention of
different diseases (Arancibia-Avila et al., 2011; Borowska & Mazur,
2008; Fredes, 2009; Gorinstein et al., 2009; Piasek et al., 2011).

The bioactive nutrients and antioxidants present in fruits and
berries are responsible for their perception as healthy foods (Dean,
Leavens, & Boyd, 2010). Lugasi, Hovari, Kadar, and Denes (2011)
determined phenolics in raspberry, blackberry and currant culti-
vars. Two cultivars of conventionally and organically grown red
raspberries and blueberries were analyzed for total anthocyanins,
total and specific phenolic compounds and total antioxidant
activity (Sablani et al., 2010). From a big number of cited references
above it can be concluded that the subject of different berries was
investigated intensively. Chilean berries were also studied (Fredes,
2009). We were interested to investigate a new kind of Chilean
berry known by the name of ‘Myrteola’ and to compare its
compositionwith the wide consumed berries, which was described
in our recent report (Arancibia-Avila et al., 2011).

q This research is dedicated to the memory of Prof. Simon Trakhtenberg, who
encouraged and supported our research group during all his life.
* Corresponding author. Tel.: þ56 94508616; fax: þ56 42 253046.

E-mail address: parancib@ubiobio.cl (P. Arancibia-Avila).
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Chemical Evaluation, Antioxidant Capacity, and
Consumer Acceptance of Several Oak Infusions
Nuria Elizabeth Rocha-Guzmán, Jose Roberto Medina-Medrano, José Alberto Gallegos-Infante, Rubén Francisco
Gonzalez-Laredo, Minerva Ramos-Gómez, Rosaĺıa Reynoso-Camacho, Horacio Guzmán-Maldonado,
and Silvia Marina González-Herrera

Abstract: As part of an ongoing screening on natural products, 4 oak leaves were analyzed as potential nutraceutical
beverages. The phenolic composition, antioxidant capacity, and sensory preferences of leaves infusions from Quercus
resinosa, Q. sideroxyla, Q. eduadii, and Q. durifolia in comparison with 2 commercial green teas were investigated. Herbal
infusions from oak leaves and Green teas (1%, 80 ◦C, 10 min) were evaluated for total polyphenol content (TPC),
total flavonoid content (TFC), HPLC analysis, trolox equivalent antioxidant capacity (TEAC), oxygen radical absorbance
capacity (ORAC), soluble solids, pH, color, and consumer preference analysis. Q. resinosa leaves infusions have shown
the highest TPC, TEAC, and ORAC values but they have attained the lowest preference score. Quercus leaves infusions
with higher content of gallic acid and catechins showed best antioxidant capacity but lower consumer preference.

Keywords: antioxidant capacity, beverages, consumer preference, herbal infusions, polyphenols, Quercus

Introduction
Plants, vegetables, and herbs used in traditional medicine have

gained a wide acceptance as the major sources of prophylactic phy-
tochemicals discovery. For this reason, information on the overall
antioxidant properties of natural products is becoming relevant in
the fields of nutrition and nutraceuticals development. Infusions
contain many compounds, especially flavonoids, which are a large
family of plant phenolics widely distributed in vegetables and nat-
ural beverages, such as tea. Main flavonoids found in fresh green
tea are the catechins, particularly, (-)-epicatechin, (-)-epicatechin-
3-gallate (ECg), (-)-epigallocatechin, and (-)-epigallocatechi-3-
gallate (EGCg; Crespy and Williamson 2004). Phenolic com-
pounds have been considered to be health-promoting components
in plants-derived beverages.

The biological activity of polyphenols is mainly connected with
their high antioxidant and antiradical potentials as deduced from a
variety of biochemical methods. Antioxidants are substances that
delay the oxidation process, inhibiting chain reaction initiated by
free radicals, and playing an important role in chemoprevention
(Tachakittirungrod and others 2007). Its potential antioxidant rel-
evance is reflected in the values obtained with several assays, as
the trolox equivalent antioxidant capacity (TEAC) assay among
another assays.

In recent years, there has been a considerable interest in finding
natural antioxidants from plants materials; the botanical kingdom

MS 20110702 Submitted 6/5/2011, Accepted 10/14/2011. Authors Rocha-
Guzmán, Medina-Medrano, Gallegos-Infante, Gonzalez-Laredo, and González-
Herrera are with Dept. de Ings. Quı́mica y Bioquı́mica, Instituto Tecnológico de Du-
rango, Blvd. Felipe Pescador 1830 Ote., Col. Nueva Vizcaya, 34080 Durango, Dgo.,
México. Authors Ramos-Gómez and Reynoso-Camacho are with Univ. Autónoma de
Querétaro, Facultad de Quı́mica, Dept. de Investigación y Posgrado en Alimentos
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offers practically interminable opportunities to find new func-
tional ingredients for beverages. These beverages are accompa-
nied by claims and attention on “lifestyle,” positioning products
for stimulation, relaxation, or health promotion. New functional
beverages, like fortified water and tea, have increased their conve-
nience, novelty, fun, and image but maintain their status as healthy
drinks (Gruenwald 2009). Positioning new products in the market
requires some measures of whether the products are liked or not.
Researchers have developed instruments to measure food-related
attitudes to better understand how health- and nonhealthy related
factors influence dietary choices. Steptoe and others (1995) intro-
duced a multidimensional measure of the motive related to food
choice, including 9-labeled factors, such as health, sensory ap-
peal, mood, convenience, natural content, price, weight control,
familiarity, and ethical concern (Kolodinsky and others 2008).

Acceptance testing is a valuable and necessary component of the
research and development process of new food products. By accep-
tance testing we mean measuring liking or preference for a prod-
uct. There is an obvious and direct relationship between measuring
product liking/acceptance in multiproduct test and from these data
to determine preference (Stone and Sidel 2004). A method that
produces a rank order and a measure of the distances between ranks
is an acceptable substitute for hedonic scaling, because it would
give the same information. This idea has been exploited when
measuring preferences for various foods, beverages, and personal
products (Lee and O’Mahony 2005).

Durango, México, with 39 species of Quercus, has an important
forestry resource that is not always totally exploited. Different uses
have been recorded for several species of oaks, such as food. There
is a relationship between ethnic groups and the use of oaks in
a given region, indicating the cultural value as a complementary
plant resource in addition to their importance as woody species
(Luna and others 2003). In Asian countries, the galls of Quercus
infectoria have been used for centuries in the oriental traditional
medicine for treating inflammatory diseases; in this context, Kaur
and others (2004) suggest that alcoholic extract of oak galls exerts in
vivo anti-inflammatory activity after oral or topical administration
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