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ABSTRACT

The aim of this study was to evaluate whether yenbg alcoholic extracts at very low concentrati¢gd®1 and
0.1%), prevent/retard lipid peroxidation in beefnhlaurgers without impairing sensory acceptabilityor Rhis

TBARs and hexanal levels, fatty acid profile andlesterol oxides were evaluated as oxidation patamdn beef
hamburgers during 90 days’ storage. The additior0df1% yerba maté ethanolic extracts proved iniefficin

restraining the lipid peroxidation while the additi of 0.1% resulted in efficient antioxidant adtiviSensory
evaluation of hamburger containing 0.1% yerba metigéanolic extracts showed good acceptability. Yen=té
ethanolic extracts could entirely or partially reygle the phenolic synthetic antioxidants in beef thaigers only
when used at above legally allowed concentrationgtioxidant additives (0.01%).

Key words: Yerba maté, lipid oxidation, natural antioxidarttamburger

INTRODUCTION (BHA) and buthylated hydroxytholuene (BHT),
are often necessary to increase the shelf life of
Food containing high concentrations of pro-food products. The replacement of these synthetic
oxidant substances (such as transition metal, heragtioxidants by plant extracts, the so-called radtur
protein) and polyunsaturated fatty acids are easilgntioxidants, is a public health concern, since
attached by free radicals and undergo oxidatioréxtensive use of synthetic antioxidants and
This may cause rancidity, decreasing bothprolonged ingestion may be associated with the
acceptability and nutritional value of the food.development of cancer (Sasse et al, 2009;
Lipid peroxidation causes degradation ofPokorny, 2007; Dwivedi et al., 2006; Peérez-
polyunsaturated fatty acids and the generation dflateos et al., 2006; Schilderman et al., 1995).
residual products, such as malondialdehyde ar@intioxidant properties of different plants extracts
lipid-derived volatiles, which may lead to sensoryhave been analyzed for this purpose, includingsage
and nutritional deterioration of meat (Gray et al.(Salvia  officinalig, rosemary Rosmarinus
1996; Gray and Pearson, 1987). To prevent arefficianalis), oregano Qriganum onite and
retard lipid oxidation, addition of synthetic many others (Hernandez-Hernandez et al., 20009;
antioxidants, such as butylated hydroxyanisol&stévez et al., 2007; Ahn et al., 2002).
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Dried leaves of yerba matBex paraguariensis a Hamburger preparation and storage
native South American plant, are used to prepatdamburgers weighing 60g were prepared as
an aqgueous infusion called “chimarrdo”, which igfollows: beef meat (42g) was chopped, minced,
rich in phenolic acids (Bastos et al., 2005; Bastoweighed, mixed with of food grade salt (1.29),
et al., 2006; Mazzafera, 1997) and has shawn animal fat (12.9g), potable water (1.8g), onion
vitro andin vivo antioxidant activity, besides other (1.8g), garlic (0.18g) and white pepper (0.129).
pharmacological properties. Roasted leaves frolHamburgers were divided in six groups: (C)
yerba maté, which are brewed to produce maté-teepntrol group (no antioxidant addition); (BHT)
also contain high levels of polyphenols andbutylated hydroxytoluengroup (to which 100 ppm
demonstratein vitro and in vivo antioxidant of BHT was added); (GYM 0.01) green maté
activity (Bastos et al., 2007)he addition of green extract 0.01% (to which 100 ppm of etanolic green
yerba maté ethanolic extract to pork and back faterba maté extract was added); (GYM 0.1) green
from pig salamis (5 mL/Kg) lowered TBARs maté extract 0.1%; (RYM 0.01) roasted maté
values and volatile compounds derived from lipidextract 0.01% and (RYM 0.1) roasted yerba maté
(Campos et al., 2007). Racanicci et al. (20080.1%. Hamburgers were prepared with exactly the
reported that the addition of an aqueous yerbsame ingredients, following the good manufacture
maté extract (0.05% and 0.10%) to chicken meairactices (GMP), wrapped in PVC film and kept at
balls decreased the lipid peroxidation, measured.8°C until analysis. Analysis were performed in
by TBARs assay and depletion of vitamin E.three replicates on days 1, 30, 60, and 90 during
Despite describing good antioxidant activity incold storage for secondary lipid oxidation products
meat products, none of these previous studigas TBARS), hexanal, cholesterol oxides, fatty
evaluated if the addition of green yerba matécid profile and sensory acceptance.
extract had an impact on the product acceptan
by the consumer, a fundamental parameter for thiéroximate and fatty acid analysis
feasibility of replacing a synthetic antioxidant &y Moisture, total protein and ash were determined
natural one. according to the official methods (AOAC, 1995).
This study sought to evaluate whether the additiohipids were extracted as described by Folch et al.
of ethanolic extract from green yerba and roaste(l957). Fatty acid methyl esters (FAMEs) were
yerba maté (maté tea) could retard lipidorepared by saponification and methylation in the
peroxidation in bovine meat hamburger. presence of Bfin methanol (Metcalfe et al.,
To our knowledge, there are no previous report$966). Fatty acid analysis was performed in a
on the antioxidant activity of yerba matéex Shimadzu GC 2010 gas chromatograph equipped
paraguariensis St. Hil.) ethanolic extracts in with a FID detector, using the following
bovine meat systems or its effect on sensorgonditions: split injection (1:80 injection volume
properties 1pL); capillary column SP 2560 (Supelco) (100m;
0.25um and 0 m film); injection port and of
detector temperature were 250°C and 260°C,

MATERIAL AND METHODS respectively. Initial oven temperature was 140°C
and increased to 240 °C (4°C/min), which was kept

Extraction procedure and extract for 15 minutes; carrier gas was hydrogen at

characterization 1.5mL/min flow rate. The identification of the

Dried green maté leaves and roasted maté-t¢atty acids was done by comparing of their
harvested and produced in Parana, Brazil wenetention times with pure standards (FAME 37,
obtained from Le&o Jt. (Parana, Brazil). code 47885, Sigma Chemical Co). Fatty acid
Ethanolic extracts were prepared according t@omposition was expressed as percentage of total
Bastos et al. (2009). Total phenolics content ef thFAMEs.

ethanol extract was determined in accordance wi

the method of Singleton and Rossi (1965), usinghiobarbituric acid-reactive substances
chlorogenic acid as the standard. Total phenolifTBARS)

compounds in green yerba maté (GYM) andiBARs assay was performed as described by
roasted yerba maté (RYM) ethanolic extracts wergyncke (1975) and modified by Sorensen and
28 % and 22 % (w/w), respectively. Jorgensen (1996). TEP (1,1,3,3
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tetraethoxypropane) was used as standard at :detector (FID) using a 5 % diphenyl capillary

different concentration (0.5 to 24umol/L) column (30 m x 0.32mm id, iim of the film

Absorbance was read at 532nm and 600nm in thickness). The carrier gas was hydrogen with

Shimadzu UV1650PC spectrophotometer. Valueflow rate 1.0 mL/min. The injection port was in

are expressed as mg of thiobarbituric acid reactivthe splitessmode and the desorbing time was 3

substances per 1000 g meat (TBARs value). minutes at 200°C. The initial oven temperature
was 40°C (kept for 5 minutes) and increased to

Cholesterol and cholesterol oxides #OH, 7a- 200°C at 7°C/min. Detector temperature was

OH, 7-Keto and 25-OH) 220°C. Hexanal identification was performed by

Cholesterol and cholesterol oxides were extracteccomparing the retention times with hexanal

as described by Csallany and Ayaz (1976) adaptistandard (Sigma-Aldrich). Hexanal analysis were

from Folch et al. (1957). Forty microliters of eaclperformed only to (C) control group, BHT group,

extract (100mg lipids) were evaporated in vacuur0.1% GYM and 0.1% RYM samples.

rotary evaporator (Biich) and freed of solvent by

using a nitrogen flush, dissolved in 3mL ofSensory analysis

mobile phase and injected into HPLC (Thermddamburgers produced with BHT, 0.1% GYM and

Separation Produéts- TSP) equipped with pump 0.1% RYM were fried until the internal center

(SpectraSystem and Spectra Series Gradietemperature reached 75°C and submitted to

Pumps), degasser (SCM Vacuum Membraneensory evaluation. Forty untrained assessors

Degasser), UV/VIS detector (SpectraSystengvaluated the samples in relation to appearance

UVIVIS Detectors), automatic injector and flavor using a nine-point hedonic scale,

(SpectraSystem and Spectra Series Autosamplergrying from “dislike extremely" to "like

, following the method described of Vicente andextremely", according to Stone and Sidel (1993).

Torres (2007). A CN column (25cm x 0.4cm anc

spherical particles of mim) was used, and the Statistical analysis

mobile phase was a mixture (97:3, v/v) of hexaneData are expressed as means and standard

isopropanol with flow rate 1.0 ml/min. Injection derivation of three replicates. Significant

volume was 20pL. Wavelength used fordifferences among means were determined by

cholesterol and cholesterol oxides determinatioANOVA and Tukey post-hoc at 5% level using

were either 206nm (25-OHpfOH and B-OH) or  SPSS software (version 10).

233nm (7-Keto). The identification of cholesterol

and cholesterol oxides was done by comparin

their retention times with those of pure standardEESULTS AND DISCUSSION

(Steraloids Inc. = USA). General composition of hamburger and fatty

Hexanal determination acid profile

Hexanal isolation from hamburger was performe amburgers’ proximate composition was similar
using solid-phase  microextraction (SPME]tO that described in the Brazilian and American

according to Brunton et al. (2000). Briefly, 5g of Food Tables (TACO, 2006), including cholesterol

hamburger was homogenized with 25mL distillecContent (Table 1). The main fatty acids in the
water. Aliquots (5mL) of the homogenates werSamples were C18:1, C16:0, C18:0 and C18:2.
dispensed into 20 mL vial fitted with Sa_turated fatty acid (SFA) and u_ns_aturated fatty
polytetraflouroethylene (PTFE) lined silicone 2CidS (UFA) levels at day 1 were similar for aldzt?
septa, which were placed in a water bath set hamburgers  (approximately 40 and 60%,
40°C and allowed to equilibrate for 5 minutes. Thespectively) (Table 1). After 90 days of storage,
SPME fiber was introduced into the vial headspacth€ré was no significant change in the fatty acid
and held for 20 minutes to absorption. Au6b prqflle of hamburgers .(p>0.05); data not shown,
polydimethylsiloxane/divinylbenzene (PDMS/ whl_ch_could be explained by the presence of_the
DVB) (Supelc§) fiber, preconditioned prior to antioxidant, the use of good manufacture practices
analysis, as described by the manufacturdO Prepare the hamburger and the low temperature

(25(°C/5min), was used. Analyses were performe of storage. These results were similar obtained by
on a gas chromatograph (Cromacon Cipla Baggio and Bragagnolo (2006) for hamburger.

Simple Chrom II) equipped with a flame ionizing
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Table 1 -General composition of hamburger with differenti@idants *

Ferreira, E. L. et al.

Roasted yerba maté extract  Green yerba mate extrac BHT Control

Moisture (%) 65.23+ 0.54 63.88"+ 0.52 64.64+0.49 62.98+0.80
Protein (%) 16.7%+ 0.65 18.68+ 0.50 16.97+0.62 17.59+0.35
Fat (%) 10.88+ 1.03 11.72+0.92 10.87+0.80 12.08+0.63
Ash (%) 2.89+0.09 2.96+0.07 2.88+0.03  3.08+0.13
Cholesterof 5.13+1.50 5.28+0.30 6.76+0.15 5.22+0.04
Fatty acids’

C14:0 1.41+0.03 1.46'+0.01 1.440.06  1.51%0.03
C16:0 24.98+ 0.07 25.37+0.05 25.49+0.06  25.6% 0.00
C18:0 13.98+ 0.53 13.52+ 0.26 13.48+0.061  13.3%+ 0.37
SFA 40.38+ 0.62 40.36+ 0.32 40.32+0.61  40.49+0.40
Cc16:1 2.04+0.05 2.1+ 0.00 2.08+0.02  2.09+0.00
Cci7:1 0.38+ 0.00 0.34+0.00 0.34+0.00  0.38+0.00
ci18:1 44,72+ 0.49 44.72+0.17 44.60+0.03  44.23+0.15
C18:2 11.03+0.03 11.12+0.14 11.32+0.56  11.48+0.23
C18:3 0.81+0.02 0.8G+ 0.01 0.78+0.01  0.86+0.00
C20:2 0.32+0.00 0.3%+0.01 0.32+0.02  0.32+0.01
UFA 59.62+ 0.62 59.62+ 0.32 59.68+0.61  59.51+ 0.40

Values are mean * standard deviation of threegaigs * data refer to day 1
aby/alues with different superscripts within a line aignificantly different (p< 0.05).
®mg g* fat

dFatty acids profile (%)

SFA= saturated fatty acid

UFA= unsaturated fatty acid

Lipid peroxidation: TBARs, cholesterol oxides patological processes, such as atherogerasise
and hexanal amounts of 25-OH cholesterol were detected in all
Yerba maté extracts (both green and roasted) hamburguer groups, which did not change during
0.01% were unable to stop the lipid peroxidatior®0 days’ storage. Other cholesterol oxides (7-Keto,
(Fig. 1 A). Although 0.01% is the upper limit 7a-OH and PB-OH) were not detected (detection
allowed under most countries’ legislation forlimit = 1.59E-0.7g) (Fig. 2 A and B). Vicente and
synthetic antioxidant addition to meat productsTorres (2007) detected no cholesterol oxide in
natural antioxidant extracts are only effectivemeat hamburgers even after deep frying.

when added at 0.02 to 1.0% of the total produdtiexanal is a carbonyl compound used to predict
weight, a proportion which usually exceeds theghe lipid peroxidation and product sensory
regulation limits (Sasse et al., 2009; Ahn et aladequacy since its presence even at low levels is
2007; Estévez et al., 2007; Ahn et al., 2002). associated with rancid odor (Sasse et al., 2009;
Adding 0.1% of yerba maté extracts to hamburger€ampo et al., 2006; Gray et al., 1996). Hexanal
resulted in effective protection against the(detection limit = 0.58 ug/g sample) was not
peroxidation, as measured by TBARs assayjetected at day 1 or during frozen storage. It is
performing equivalent to BHT (Fig. 1 B). The known that the rate of generation of volatile
levels of MDA ranged from 0.5 — 3.0 mg compound decreases at temperatures as low as the
MDA/Kg in the control hamburger; from 0.5 — 0.7 temperature employed in the present study’G20
mg MDA /Kg in the BHT hamburger; from 0.6 — (Teets and Were, 2008; Ahn et al., 2007; Park et
0.8 mg MDA /Kg in the GYM hamburger and 0.5al., 2007; Brunton et al., 2000).

— 0.7 mg MDA /Kg in the RYM hamburger. Lipid peroxidation had only a minor impact on the
Previous studies have shown that the addition gdroduct quality during 90-day frozen storage. This
green yerba maté extracts to sausages and chickeas likely due to the raw material quality and the
products were also effective (Racanicci et al.pbservance of good manufacturing practices.
2008; Campos et al., 2007). Among the oxidation parameters studied, only
Cholesterol is susceptible to oxidation, leading td BARSs varied during the storage period (90 days).
harmful products, which are implicated in
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Figure 1 - Evolution of TBARs during refrigerated storagehamburgers containing (A) 0.01%
or (B) 0.1% of yerba maté extracts
[ = Hamburger with maté tea extract
A = Hamburger with green yerba maté extract
— =Hamburger with BHT (butil-hidroxi-tolueno)
O = Hamburger without antioxidant or extracts
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Figure 2 - (A) Cholesterol and cholesterol oxides standaofisofnatogram at 206 nm) and (B)
Cholesterol and cholesterol oxides in hamburgehaut antioxidant (control group)
after 90 days storage (chromatogram at 206nm). dleSterol; 2- 25-OH; 3- 7-Keto;
4- 70-OH; 5- B-OH.

Sensory analysis burgers made with 0.1% BHT were evaluated. All
The global acceptability as well as flavor andhamburgers, independent of the antioxidant type,
appearance acceptability of hamburgers made wighowed good acceptability (Table 2). Adding
0.1% of yerba mate (green or roasted) extract angerba maté ethanolic extracts (green or roasted) to
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hamburgers did not affect the degree of acceptaneatracts did not affect hamburger approval by the
of this meat product. Hamburgers with eithempanelists, since more than 77.5% of the volunteers
green yerba maté or roasted yerba maté extragjsaded the hamburgers with a score of 7 points or
were rated with the same average grade (7.0) fonore (on a 9-point scale). These results indicated
the tested attributes (flavor and appearance).Thieat adding yerba mate extracts did not impair
pattern was similar for the hamburgers made withamburger color or flavor.

BHT. It was noteworthy that adding yerba mate

Table 2 -Mean scores for sensory acceptance for hambungdrslifferent antioxidants at 0.1% (w/w)

Flavor Appearance Global
Roasted yerba maté 7.3+3.8 74+15 72+1.8
Green yerba maté 71+1.7 7.2+1.5 6.9+1.6"
BHT 73+12 6.9+17 7.3+ 1.2

Values with different superscripts within a coluame significantly different (p< 0.05); n= 40 pas#i

CONCLUSION of yerba maté (llex paraguariensis) leav8saz.
Arch. Biol. Techno).49(3), 399-404.
@astos, D. H. M., Fornari, A. C., Queiroz, Y. S,,

Yerba maté ethanolic extracts were effectiv
Manolio, R. A., and Torres, E. A. F. S. (2005). The

against lipid peroxidation in beef hamburger when . . . .
added at 0.1%. Furthermore, adding these naturalChlorogenlc acid and caffeine content of yerba mate
o O ; (llex paraguariensis) beveragesActa Farm.

antioxidants to hamburger did not result in Sensory gonaerense24(1), 91-95.

loss. These extracts could represent an altematigastos, D.H.M., Oliveira, D. M., Matsumoto, R. L.,
to synthetic antioxidants in meat products if added carvalho, P. O., and Ribeiro, M. L. (2007). Yerba
at concentrations above those established by thematé: pharmacological properties, research and
regulations (100 ppm). Therefore, if natural biotechnology (invited review)Med. Aromat. Plant
antioxidants are to fully replace synthetic Sci. Biotechno).1, 37-46.

antioxidants, legal limits must be revised. Bastos,D.H.M.; Massumi T. K.; Bombo A. J.(2009)
Alcoholic e.g. raw Paraguay tea extract based enittri

natural antioxidant consists of a liposoluble hyghl
active substitute for synthetic antioxidants. Paten
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