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The antioxidant properties of seven dessert spices (anise, cinnamon, ginger, licorice, mint, nutmeg,
and vanilla) were compared with those of the common food antioxidants butylated hydroxyanisole
(BHA) (E-320), butylated hydroxytoluene (BHT) (E-321), and propyl gallate (E-310). The influence of
irradiation process on antioxidant activity was also evaluated. Mint and cinnamon exhibited a higher
percentage of inhibition of oxidation than the other spices analyzed and the food antioxidants, as
tested by the lipid peroxidation assay (LOO*). Nutmeg, anise, and licorice showed the strongest
protection in the deoxyribose assay (OH®). Vanilla exhibited the highest antioxidant activity in the
peroxidase-based assay (H,0,). Nutmeg, propyl gallate, ginger, and licorice improved the stability of
oils (sunflower, corn, and olive) and fats (butter and margarine) against oxidation (110 °C Rancimat).
Cinnamon was a better superoxide radical scavenger than the other analyzed spices and additives.
When the Trolox equivalent antioxidant capacity (TEAC) assay was used to provide a ranking order
of antioxidant activity, the result in decreasing order of antioxidant capacity was cinnamon = propyl
gallate > mint > anise > BHA > licorice = vanilla > ginger > nutmeg > BHT. Irradiated samples did
not show significant differences (p < 0.05) in the antioxidant activity with respect to the non-irradiated
samples (1, 3, 5, and 10 kGy) in the assays used.

KEYWORDS: Anise; cinnamon; ginger; licorice; mint; nutmeg; vanilla; antioxidant; scavenging free
radical; BHA; BHT; propyl gallate

INTRODUCTION digestive enzymes is a factor that contributes to its well-

Spices and herbs have been used throughout history as naturdcognized digestive stimulant action. It also possesses antimi-
sources of flavoring and for their preservative properties. The ¢robial, antitumoral, and antiplatelet aggregation activities and
spices possess antioxidant activity because they contain chemiiS an antioxidant (11).
cals (including the flavonoids, terpenoids, lignans, sulfides, Licorice (Glycirrhiza glabral.) is widely used in the food
polyphenolics, carotenoids, coumarins, saponins, plant sterols,'”dUSW as a sweetening agent and as a foammg. agent in
curcumins, and phthlalids) with biological activities that may alcoholic and nonalcoholic beverages. It also has antibacterial,
provide therapeutic effects. However, the characteristic aromaantiviral, antiinflammatory, antihepatotoxic, and antimutagenic
of spices limits their use (1). effects (12-17).

Anise (Pimpinella anisuni.) exhibits antimicrobial, anti- Mint (Mentha piperital.) is widely used as a condiment in
mutagenic, and antipyretic activities. Furthermore, it has been ice creams, candies, chewing gums, cakes, and meats, although
shown to have anticonvulsant effects and has been used for thét also has been used as a spasmolytic and antibacterial agent
treatment of constipation (2—6). and promoter of gastric secretion. It has been seen to possess

Due to its delicate flavor, cinnamo€innamomum zeylani- ~ antimutagenic properties (1&9).
cumL.) is widely used in foods. It is also suitable for treating Nutmeg (Myristicia fragans..), too, is commonly used as a
the common cold, for improving glucose metabolism in diabet- spice and flavoring agent in foods. It can also be used against
ics, as an antimicrobial and fungitoxic agent, and for inhibiting diarrhea, mouth sores, and insomnia; furthermore, it has
various cancer cell lines (7—10). antiplatelet and antibacterial effects and is associated with the

Ginger (Zingiber officinald..), with its pleasant aroma and  activation and detoxification of xenobiotic compounds, including
pungency, is used for cooking. Its effect on the pancreatic chemical carcinogens and mutagens. It improves glucose and
insulin metabolism (1020—23).

* Author to whom correspondence should be addressed (e-mail  Vanilla (Vanilla planifoliaL.) is most valued for its flavor
mamurcia@um.es). and imparts a delicate, rich, and mellow aroma with sweet spicy,
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sCsIC. woody, and balsamic notes. Its extracts are widely used for ice
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cream, chocolate, cakes, and cookies, but it also acts as arfrom Sigma Chemical Co. (Poole, Dorset, U.K.). The dessert spices,
antimicrobial compound and has antimutagenic effects in anise (P. anisurh.), cinnamon €. zeylanicunt..), ginger ¢. officinale
bacteria (2425). L.), licorice (G. glabraL.), mint (M. spicatalL.), nutmeg (M. fragans
However, one of the problems associated with the use of L.), and vanilla (V. planifolie..), were purchased from a supermarket.
spices and herbs is their possible contamination by harmful !rradiation of the Samples. Glass tubes (158 15 mm) were filled
bacterial, particularly spore-forming bacteria. Although spices with the spice samples a}nd common food additives and irradiated by
and herbs are microbiologically stable products owing to their a Rhod,otron (I_BA, _Belglum) circular electron accelerator (lonmed,
low moisture content, once they come into contact with water- Tarancon, Spain) with an energy level of 10 MeV. The treatment was

ich food duct h i . . ick] performed in a single step, taking into consideration the volumetric
rich T60d products such as meat or soup, microorganisms quic ydensity of the product and characteristics of the installation. The

develop (26). o ) _ programmed irradiation doses were 1.0, 3.0, 5.0, and 10.0 kGy. The
Several decontamination methods exist, but the most versatileyariability of the real dose of irradiation absorbed by the samples was

treatment among them is processing with ionizing radiation. In <19 of the programmed dose applied. The celullose acetate dosimeter
addition to strict hygiene in preparation, an irradiation dose of (FWT 60.00) also verified the homogeneity of the dose and validated
8—10 kGy is particularly valuable as an endproduct decontami- the irradiation process at 600 nm. After irradiation, the samples were
nation procedure not affecting sensory, nutritional, and technical immediately stored at ambient temperature in the dark.
qualities (27). Sample Preparation. The irradiated and control (non-irradiated)
The U.S. Code of Federal Regulations limits dry spice spices were powdered using a mortar and pestle. Each powdered spice
irradiation to 30 kGy (28). Recently, two new European (5 9)Wwas extracted fo3 h by stirring at room temperature with 100
Directives. “the framework Directive” 1999/2/EC and the ML of waterand centrifuged at 3000 rpm for 10 min. The spice extracts
“implemeﬁting Directive” 1999/3/EC, were adopted to establish (2%) Were used in the different assays. BHA, BHT, and propyl gallate
a list of foodstuffs that may be treated with ionizing radiation. were usgd a.t the permitted Cc_m_qme'_rc'al concentratlon. _Ofbﬂﬂ@ 0.
Included in this list are dried aromatic herbs and spices, which __Péroxidation of Phospholipid Liposomes.The ability of com-

mav be irradiated with a maximum overall average absorbed pounds to inhibit lipid peroxidation at pH 7.4 was tested using ox brain
y D 9 phospholipid liposomes, as described in Aruoma et al).( The
radiation dose of 10 kGy (29).

. . . Lo experiments were conducted in a physiological saline buffer (PBS) (3.4
The aim of this paper was to characterize the antioxidant mm Na,HPQ,~NaH,PO;, 0.15 M NaCl), pH 7.4. The assay mixtures,
properties of dessert spices (anise, cinnamon, ginger, licorice,in a final volume of 1 mL, were made up with PBS, 500 of 0.5
mint, nutmeg, and vanilla) and to compare them with the mg/mL phospholipid liposomes, 100 of 100 uM FeCk, 100uL of
common food additives butylated hydroxyanisole (BHA, E-320), the tested samples, and 190 of 100 «M ascorbate (added last to
butylated hydroxytoluene (BHT, E-321), and propyl gallate (PG, start the reaction). Because BHT is not fully soluble in agueous solution
E-310) for possible use as natural antioxidants. Furthermore,and its emulsion is not homogeneous, deionized water, with a
there is little information on the effect of irradiation on the free conductivity of not more than 4S/cm, was used to dissolve it.
radical scavenging capacity of spices, and so it was Consideredncubatlon was carried out at 3€ for 60 min, at the end of which 1

: _ d so it . tats® lor6bn !
to be important to ascertain whether the irradiation procedures™:, 83¢h 0f 1% (wiv) thiobarbituric acid (TBA) and 2.8% (w/v)
trichloroacetic acid were added. The solutions were heated in a water

for ,d?creas'”g t.he microbiological 'Counts affect thglr antioxidant bath at 8C°C for 20 min to develop the malondialdehyde thiobarbituric
activity and ablllty_ to scavenge dlffergnt free radlcals._ _ adduct [(TBAy—MDA]. The (TBA),—MDA chromogen was extracted

The effect of this processing technique on food antioxidant jnto 2 mL of butan-1-ol, and the extent of peroxidation was measured
properties has not been described extensively and is a mattein the organic layer as absorbance at 532 nm. The percentage of
of controversy because of the presence of chemicals with peroxidation inhibition was expressed as the decrease in peroxidation
prooxidant or antioxidant activity that may modify the food obtained by adding the tested compounds (100% oxidation referred to
antioxidant capacity or affect physiological metabolism. an assay containing no added compound).

In this paper antioxidant activity is determined by six Hydroxyl Radical (OH *) Scavenging!n a final volume of 1.2 mL,
methods: (i) The lyposome system provides data concerningthe reaction mixtures contained the following reagents: A0@f 10
peroxyl radical scavenging by the samples. This radical can be MM KH2:PQ,—KOH buffer, pH 7.4, 10QiL of 2.8 mM H,0,, 100uL
generated in foods and in the human body, and its formation is °f 2-8 MM deoxyribose (when used), 160 of 50 uM FeCl premixed
the major step in lipid peroxidation, although it can also be With 100uL of 100uM ethylenediaminetetraacetic acid (EDTA) before
formed in non-lipid systems. (i) The hydroxyl radical system addition to the reaction mixture, and 1@Q of the tested spices (or

| he food’ B i hi . dical 100 uL of common food additives dissolved in water). One hundred
evaluates the food's capacity to neutralize this reactive radical oy qjiters of ascorbate (10@M), when used, was added to start the

generated in the human body in physiological conditions, reaction. The tubes were incubated at*&7for 1 h. The products of
although hydroxyl radicals can also be generated from peroxyl the hydroxyl radical (OB attack on deoxyribose were measured as
radicals. In this system, any hydroxyl radicals formed im- described in Aruoma et al. (32) at 532 nm. The results are expressed
mediately attack the sugar. (iii) 2, is generated in vivo by  as a percentage inhibition of the deoxyribose attack, where 100% attack
activated phagocytes and by several oxidase enzymes, and it iss defined as the absorbance levels recorded for deoxyribose without
known to play an important role in the killing of several bacterial the addition of the tested compounds. A parallel assay was also made
and fungal strains. D is reduced either directly or indirectly ~ Omitting ascorbate. In this form, false scavenger activity results are
to produce OM (iv) The Rancimat test is used to obtain €liminated. _ _ _

information on whether the antioxidant activity resists heating. ~ Hydrogen Peroxide (HO) ScavengingThe tested spices (10Q)

(v) The Trolox equivalent antioxidant capacity (TEAC) assay or common food additives dissolved in water SJLGQ were incubated

is usually accepted by the scientific community as an antioxidant Y/t ZOO”dL of O.BAtlhth I—EOZ for dlo min a[tj f25 C. Aliquots of these
indicator. (vi) The in vivo production of superoxide may be compounds were then taken and assayed for remainig by using

f . | (bv th dothelial cell for th lati f I the peroxidase system. The remainingOxl was measured as the
unctional (by the endothelial cell for the regulation of vascular formation of a chromophore recorded at 436 nm in reaction mixtures

tone) or accidental (by most types of macrophages). containing, in a final volume of 1 mL, 690L of 0.15 M KH,PO;—

KOH buffer, pH 7.4, 5Q:L of guaiacol solution (made by adding 100

MATERIALS AND METHODS uL of pure guaiacol liquid to 100 mL of water), and LQ of Sigma
Antioxidant additives (BHA, BHT, and propyl gallate) and the type IV horseradish peroxidase (5 mg/mL in the same phosphate buffer)

chemicals used were of the highest quality available and were purchased33).
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Rancimat Test.The different spices or common food additives were - Tap|e 1. Inhibition of Peroxidation in the Lipid System Using Ox Brain
macerated with 100 g of refined oils (sunflower, corn, and olive) or ppospholipids by Dessert Spices and Common Food Additives at
fats (butter or margarine) for 3 h. The composition of the margarine pijfferent Irradiation Doses?
was vegetable oils and hydrogenated fats (61%), water, skimmed milk

(11%), emulsifier (lecithin or monoglyceride fatty acids), calcium salts,  added to added to
salt (0.3%), acidulate (lactic acid), preservative (potassium sorbate), reaction irradiation % reaction irradiation %
aroma, vitamin E, coloring (5-carotene), and vitamin D. mixture® (kGy) inhibition ~ mixture® (kGy) inhibition
The _Rancimgt method (Metrohm mode_l 743, I—_|erisan, S_Witzerland_) anise 0 7862 + 1 BHA 0 6480 <5
de_te'rmlnes the induction period by measuring thg increase in the volatile 1 7517 + 2 1 69.46 + 7
acidic byproducts released from the oxidizing oil or fat at 2COThe 3 77.93+2 3 67.89 + 3
concentration of the degradation products, which are transferred into 5 7724 +1 5 69.53 +6
distilled water, is assessed by measuring the conductivity. Longer 10 76.55 + 2 10 68.34 3
induct_ion periods s_uggest stronger activity (34). _ cinnamon 0 8207 +1 BHT 0 13.82 42
lodine Value. lodine values were measured according to the method 1 7973+ 4 1 1413 +5
described by Hanus 920.158 AOAC (35). 3 82432 3 1387+ 4
Reaction with Superoxide Radical (Q°~). The generation of &~ 5 82.43+5 5 13.94+3
by hypoxanthine—xanthine oxidase was carried out essentially as 10 8310£0 10 1384+1
described in Aruoma et al3@). Reaction mixtures contained, in a final ginger 0 7432 + 4 propyl 0 5943+ 1
volume of 3 mL, 0.1 mL of 30 mM hypoxanthine (dissolved in 1 75.00 + 6 gallate 1 60.82+5
minimum potassium hydroxide solution), 0.1 mL of 0.3 mM EDTA, 3 74321 3 61.01+1
0.1 mL of 3 mM cytochrome, and 88 mM (final concentration) KH 5 74.32£5 5 5880 £5
PO,—KOH buffer, pH 7.4. In each case, the reaction was started by 10 74326 10 59.10+2
adding 0.3 mL of xanthine oxidase (Sigma X1875), freshly diluted in  mint 0 82.76+2
the above phosphate buffer to give 1 unit of enzyme activity per 800 1 84.14 2
uL), and the rate of cytochromereduction was measured at 550 nm, 3 84.59 +2
at 25°C. The effects of 5% spice extracts in aqueous medium or 100 5 84.23+1
1g/g of common food additives were tested in the system containing 10 82761
cytrochromec. nutmeg 0 73.79+3
Measurement of Total Antioxidative Activity by the TEAC 1 73.79£3
Assay.The 2,2-azinobis(3-ethylbenzthiazoline-6-sulfonate) (ABT)S 3 67591
radical anion solution was generated from 2.5 mM'-22obis(2- 18 ;gig fg
amidinopropane) hydrochloride (ABAP) and 20 mM ABTSstock T
solution in 100 mL of PBS (containing 100 mM phosphate and 150 licorice 0 68.28+0
mM NacCl, pH 7.4). The radical solution was protected from light during L 71.04£3
incubation at 60°C for 12 min and later stored at room temperature. :; 282% fi
Absorbance at 734 nm was measured to check ABT@mation (the 10 6966+ 5
absorbance values must be between 0.35 and 0.45 absorbance unit) -
(36). The 5% spice extracts (or 1@@/g of common food additives) vanilla 0 2+l
were dissolved in 1 mL of deionized water. The antioxidant activity of 1 71031
. . . 3 69.00x1
the samples analyzed (40L mixed with 1960uL of the radical 5 70.35 + 4
solution) was measured at 734 nm for a period of 6 min. The decrease 10 69.00+4

in absorption at 734 nm observed at 6 min after the addition of each
compound was used to calculate the TEAC. A calibration curve was
prepared with different concentrations of Trolox (a standard solution
used to evaluate equivalent antioxidant capacity). By measuring the
increase in absorptiom@Abs) over 6 min (with a standard range of
0—10uM), absorbance values could be corrected for the solvent.

2 Statistical differences were analyzed by ANOVA (p < 0.05). ® Compounds in
aqueous medium at 5% concentration. ¢ Compounds in aqueous medium at
concentration = 100 ug/g.

application of different irradiation doses, on liposomal peroxi-
AADSTo10x = Abs(=6min,Troon_ Ab§=6min,solvent dation are shown ifable 1.

The regression coefficient (rc) is calculated from the calibration ~ Mint and cinnamon were the best antioxidangs< 0.05),
curve. scavenging peroxyl radicals (LOQ at 82.76 and 82.07%,
respectively, higher than the additives PG, BHA, and BHT at
AADBS; 1ox = I'C x [Trolox] the permitted concentration (10@/g), which showed 59.43,

To establish the TEAC values of commercial antioxidants or 13.82, and 64'80%’ respeptwe!y_.
analyzed samples and its standard deviations, the increase in absorption In decreasing order of inhibition, the rest of the analyzed
was measured in the same way. The TEAC was calculated as follows: SPices were anise, ginger, nutmeg, vanilla, and licorice, all of
which showed better antioxidant activity than BHA, propyl

TEAC ampie™ AADS ampidrC gallate, and BHT. The only spice that did not show a statistically
The TEAC represents the concentration of a Trolox solution that has Significant differencef < 0.05) with the additives was licorice
the same antioxidant capacity as the analyzed sample. with respect to BHA.
Data Analysis. Every analysis was carried out in triplicate. The Our results agree with those obtained by several authors who

results and their standard deviations were analyzed with the Statisticalevaluated the antioxidant activity of different spices, such as

Package for Social Sciences Windows 9.0 and the analysis of variancecinnamon (37), licorice (38), vanillin (39), and ging&0(41)

(ANOVA) procedure. Fisher's least significant difference multiple-range  jn |ipidic systems.

test was used to discriminate between means. The antioxidant activity of ginger extract was retained even

after 30 min of boiling at 100C, indicating that the active

RESULTS AND DISCUSSION constituents of this spice were resistant to thermal denaturation
Inhibition of Phospholipid Peroxidation. The effects of (42) and suggesting that it could be used as an additive in food

dessert spices and common food additives, without or with the processes involving heating. Indeed, this is why several studies
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Table 2. Deoxyribose Damage Caused by the OH* Radical in the Presence of Dessert Spices, at Different Irradiation Doses, Compared with the
Activity of Common Food Additives?

added to irradiation % omit added to irradiation % omit
reaction mixture® (kGy) RM + DR¢ inhibition ASCd reaction mixture® (kGy) RM +DR inhibition ASC
none 1.33+0,05 0.44
anise 0 0.50+0.01 62.41 0.22 BHA 0 1.10 +£0.06 17.29 0.11
1 0.47+£0.01 64.66 0.24 1 1.16 £ 0.02 12.72 0.11
3 0.48 £0.03 63.91 0.24 3 1.15+0.05 13.53 0.11
5 0.52+0.01 60.90 0.22 5 1.09 +£0.01 18.05 0.08
10 0.52 +0.05 60.90 0.24 10 1.06 + 0.02 20.30 0.09
cinnamon 0 0.84+0.03 36.84 0.69 BHT 0 1.22 +£0.04 8.16 0.25
1 0.83 £0.06 37.59 0.52 1 1.23+£0.05 7.51 0.27
3 0.86 +£0.03 35.34 0.64 3 1.21+£0.06 9.02 0.28
5 0.80 £0.04 39.85 0.58 5 1.24 +£0.03 6.76 0.21
10 0.80+0.05 39.85 0.68 10 1.23+0.01 751 0.23
ginger 0 0.68 £0.05 48.87 0.45 propy! 0 2.11£0.02 1.03
1 0.67 £0.03 49.62 0.45 gallate 1 2.00 £ 0.06 112
3 0.70 £ 0.05 47.37 0.47 3 2.09 +£0.02 0.96
5 0.70 £ 0.05 47.37 0.47 5 2.01£0.05 1.14
10 0.66 +0.02 50.38 0.43 10 2.05+0.03 1.15
mint 0 0.61+0.01 54.13 0.45
1 0.57 £0.04 57.14 0.42
3 0.62 £0.04 53.38 0.45
5 0.60 £ 0.06 54.89 0.46
10 0.66 +0.01 50.38 0.50
nutmeg 0 0.45+0.01 66.17 0.16
1 0.45+0.04 66.17 0.15
3 0.49+0.01 63.17 0.16
5 0.50+0.01 62.41 0.16
10 0.48 +0.05 63.91 0.15
licorice 0 0.56 +0.07 57.90 0.37
1 0.56 £0.01 57.90 0.36
3 0.58 £0.02 56.39 0.36
5 0.57 +0.03 57.14 0.37
10 0.56 £0.03 57.90 0.37
vanilla 0 1.02 £0.05 23.30 0.70
1 1.05+0.03 21.05 0.60
3 1.03£0.02 22.56 0.64
5 1.01+0.04 24.06 0.62
10 1.04 £0.05 21.81 0.60

a Statistical differences were analyzed by ANOVA (p < 0.05). ® Compounds in agueous medium at 5% concentration. ¢ RM, reaction mixture; DR, deoxyribose. ¢ When
ascorbate is omitted from the reaction mixture. € Compounds in aqueous medium at concentration = 100 xg/g.

have proposed adding this spice to different types of foods such  The third group includes cinnamon and vanilla, with medium

as meat products4B), fish products 44), and oils 45) to percentages of inhibitiorp(< 0.05). When ascorbate was added

improve conservation. to the reaction, they protected deoxyribose. However, when
Reactions of Dessert Spices with Hydroxyl Radicals inthe  ascorbate was omitted, the level of the pink chromogen exceeded

Deoxyribose AssayThe effects of dessert spices on deoxyri- that of the control (Table 2), so that they acted as prooxidants.

bose attack by OHradical compared with the activity of  The addition of ascorbic acid greatly increases the rate of OH

different compounds frequently used as food additives are showngeneration by reducing iron and maintaining the supply 8f Fe

in Table 2. According to Martinez-Tomé et al. (34), these spices probably
The results can be divided into several groups. The first react with ascorbate, decreasing the amount of @étherated,

comprises nutmeg, anise, and licorice, which show the strongestbut they do not act as hydroxyl scavengers.

protective actions (66.17, 62.41, and 57.90% inhibition, respec- BHA and BHT scavenge much lower levels of Otddicals

tively). When ascorbate was omitted from the reaction, nutmeg than anise, nutmeg, and licorice. Martinez-Tomé et3dl) élso

and anise still had very good antioxidant effgqet{ 0.05), pink observed the prooxidant activity of propyl gallate, which

chromogen decreasing with respect to the control. Licorice had probably has a synergistic effect with ascorbate and stimulates

a slightly lower antioxidant effect than the other two spices. deoxyribose degradation.

These findings confirm that the ability of the spices to protect  The results obtained with ginger were in accordance with

deoxyribose is due to their direct capacity to scavenge hydroxyl those of Aruoma et al.3Q), although some authordq) have

radicals. obtained contradictory data for ginger in the presence of
The second group comprises mint and ginger, both of which hydroxyl radicals.

show moderate antioxidant activity. Mint does not show  Hydrogen Peroxide ScavengingWhen the samples scav-

statistically significant differencegp(< 0.05) from licorice. enge the hydrogen peroxide, there is a decrease in the absorption

However, mint and ginger do not scavenge hydroxyl radicals, spectrum after the peroxidase test (33).

because when ascorbate was omitted, their pink chromogens In our study,Table 3 shows the hydrogen peroxide scaveng-

were similar to those of the control. ing capacity of different dessert spices compared with the
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Table 3. Scavenging of Hydrogen Peroxide by Different Desserts Table 4. Effect of Irradiated and Non-irradiated Spices and Common
Spices Compared with the Activity of Common Food Additives in the Food Antioxidants on the Oxidative Stability of Qils or Fats, Expressed
Peroxidase-Based Assay at Different Irradiation Doses? as Induction Period (IP) Determined by Rancimat Method
added to added to added to irradiation  sunflower corn oil olive oil margarine  butter
reaction  irradiation absorbance  reaction irradiation  absorbance oil or fat (kGy) oilIPa(h) IPa(h) IP2(h) IPa(h)  IPa(h)
mixture®  (kGy) (Asem)  mixture®  (kGy) (Adzenm) none (control) 381 757 1939 717 928
none 0.84 +0.02 anise 0 411 688 1920 638 1039
1 0.62 +0.04 1 0.69 +0.02 3 3.96 779 21.91 6.81 11.14
3 0.61+0.03 3 0.63+0.01 5 3.73 748 2366 746 1077
5 0.61+0.01 5 0.64 £0.05 10 3.85 718 1997 617 1021
10 0.61+0.01 10 0.65 + 0.03
, cinnamon 0 4.15 726 19.97 7.10 10.95
1 0.39+0.02 1 0.72+0.01 3 423 796 2346 767 1114
3 0.38£0.02 3 0.71+0.04 5 4.00 801 2463 746  12.06
5 0.37£0.00 5 0.73£0.02 10 411 801 2152 746 1234
10 0.38+0.01 10 0.74+0.01
, ginger 0 4.46 8.69  27.34 8.46 50.20
3 0482001 s 069005 5 446 839 2910 882 4222
5 049004 5  066£005 10 434 854 3044 896 4473
10 0.47 +0.02 10 0.68 +0.03 ,
, mint 0 3.58 794 2152 7.67 9.74
1 041£002  cysteine 3 3.77 779 2269 767 9.84
3 043002 5 3.77 764 2172 767 1002
5 0.42£0.02 10 3.77 764 2152 7.96 9.37
10 0.41+0.03
nutmeg 0 4.76 885 3529 8.46 58.18
nutmeg 0 0.89£0.05 1 453 869 3199 9.03 56.79
1 0.87 £0.06 3 453 892 3238 832 5893
3 0.95+007 5 465 931 3703 896 5976
5 0.89 £0.06 10 461 915 3393 846 6134
10 0.87 +0.05 o
o licorice 0 431 892 2560 8,53 57.44
licorice 0 0.37£0.07 1 415 832 2288 832  56.89
L 0.41£0.08 3 411 832 2424 896 5726
3 0.39£0.05 5 411 869 2346 825  57.63
5 0.42 £0.06 10 419 892 2618 839  57.07
10 0.41+0.05 )
, vanilla 0 411 832 2424 8,53 30.72
vanilla 0 0.270.04 1 4.19 817 2346 846 2487
L 021+0.02 3 419 771 2328 839 2877
3 027 £0.06 5 4.08 817 2346 860 2878
5 0.25+0.01 10 4.08 786 2346 825 3053
10 0.23+0.02
BHAP 0 419 772 20.36 7.53 22.27
a Statistical differences were analyzed by ANOVA (p < 0.05). ® Compounds in 1 4.21 772 19.97 7.89 24.59
aqueous medium at 5% concentration. ¢ Compounds in agueous medium at g ﬁg ;gg ggg ;é;' gggz
concentration = 100 uglg. 10 427 795 2036 782 2042
. i . . BHT® 0 4.27 825 2094 731 12.99
activity of common food additives submitted to different 1 423 833 2055 753 1327
irradiation doses. Vanilla exhibited the highest activipy < 3 4.34 818  20.94 7.60 13.36
0.05) of all the spices analyzed, showing an inhibition percentage 5 4.31 825 2133 767 1347
of 67.5%. 10 4.27 833 2152 753 13.55
Licorice, cinnamon, mint, and ginger also showed good Propyl gallate’ 2 Z-;g ﬁ-gé ig-% g-gg gg-ég
!nh_|b_|t_ory capacities of a_lbout 56.4, 5_3._9, 50.3, a_nd_ 443 %o 3 6.90 1211 4343 882 60.78
inhibition, respectively. Anise, which exhibited 30.9% inhibition, 5 6.97 1196  85.70 3.89 61.53
differed significantly p < 0.05) from the other spices men- 10 7.01 12.04 4363 8.82 61.43

tioned.
However, nutmeg, BHA, BHT, and propyl gallate did not 2 Rancimat tested at 110 °C. ® Concentration = 100 ug/g.
react with hydrogen peroxide at all and must be considered
inefficient in this respect. In this assadysacetyl+-cysteine, with evaluate the protection provided by a given ingredient to a food
90.46% hydrogen peroxide scavenging<p0.05), was used  (rich in oils or fats) that is prepared in given conditions of heat.
as positive hydrogen peroxide scavenger control (33). The results When the induction periods of the different control oils and
agree with those obtained by Martinez-Tomé et3d) for other fats analyzed were compared, olive oil (19.39 h) showed the
Mediterranean spices. best oxidative stability followedn(< 0.05) in decreasing order
Rancimat Results and lodine ValuesVegetable oils and by butter (10.65 h), corn oil (7.59 h), margarine (7.18 h), and
lards, when heated or exposed to light in the presence of oxygen,sunflower oil (3.81 h) (Table 4).
may undergo partial autoxidation, forming hydroperoxides.  Olive oil has a higher tocopherol content than the other
Different kinds of substances may accelerate and/or inhibit the studied samples. A protective effect and a synergistic effect with
formation of these hydroperoxided?), and it is possible to  phenols and flavonoids have also been found to contribute
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Table 5. Reaction of Different Dessert Spices and Common Food Additives with the Superoxide Radical and Variations with the Application of
Different Irradiation Doses?

cytochrome ¢ cytochrome ¢
systems and irradiation system abs (min~?) % systems and irradiation system abs (min~?) %
compounds tested® (kGy) AA (min~1) inhibition compounds tested® (kGy) AA (min~1) inhibition
HX, X0d 0.67 +£0.01
+S0D¢ 0.08 +0.01 88.1
+anise 0 0.32+0.01 52.2 BHA 0 0.38£0.01 43.3
1 0.40 +0.05 40.3 1 0.44 £0.02 34.3
3 0.36 + 0.06 46.3 3 0.39+0.04 41.8
5 0.42+0.01 37.3 5 0.43£0.05 35.8
10 0.39+0.03 418 10 0.41£0.05 38.8
+ cinnamon 0 0.19+0.02 71.6 BHT 0 0.61+0.02 9.0
1 0.11+0.01 83.6 1 0.63+0.04 6.0
3 0.12+0.05 82.1 3 0.66 £ 0.01 15
5 0.18 £0.05 73.1 5 0.62 £0.04 75
10 0.21+0.01 68.7 10 0.61£0.03 9.0
+ginger 0 0.29+0.01 56.7 propyl gallate 0 0.50+0.01 25.4
1 0.35+0.01 47.8 1 0.55+0.04 17.9
3 0.32+0.04 52.2 3 0.56 +0.01 16.4
5 0.32+0.03 52.2 5 0.54 +0.05 19.4
10 0.33+0.04 50.7 10 0.52 £0.04 22.4
+mint 0 0.37+0.01 448
1 0.35+0.04 47.8
3 0.33+0.02 50.7
5 0.32+0.01 52.2
10 0.34+0.04 49.3
+ nutmeg 0 0.51+0.02 239
1 0.57 +0.05 14.9
3 0.58 +0.01 134
5 0.52 +0.04 224
10 0.52 +0.05 224
+ licorice 0 0.37+0.01 44.8
1 0.37 £ 0.02 44.8
3 0.38+0.01 42.3
5 0.36 +0.05 46.3
10 0.32+0.01 52.2
+ vanilla 0 0.60 +0.01 10.5
1 0.66 + 0.02 15
3 0.61+0.05 9.0
5 0.66 + 0.01 15
10 0.60 + 0.02 105

a Statistical differences were analyzed by ANOVA (p < 0.05). ® Compounds in aqueous medium at 5% concentration. ¢ Compounds in aqueous medium at concentration
= 100 uglg. 4 HX, hypoxanthine; XO, xanthine oxidase; SOD, superoxide dismutase.

significantly to the retardation of oxidation procegs8). The higher protection factors in oils and fats than the other additives
polyunsaturated fatty acid content of oils is an important factor and spices analyzed (p 0.05).
that affects their oxidative stabilityt@). The order of positive Our results agree with the data found in the bibliography for

followed by stearic acid and oleic acid. Of the unsaturated fatty paq a petter stabilizing effect than BHT.

acids, linolenic acid had the most negative influence on oxidative
stability, followed by linoleic acid and oleic aciéQ).

The time required for the formation of a sufficient concentra-
tion of initiating radicals (initiation phase) in the oils or fats
was slightly greater when the dessert spices or common food
additives were added to oil or fat, delaying the onset time of

Also, nutmeg extracts have been described to have an
antioxidant effect on soybean oil and lard, because the spice is
rich in eugenol, isoeugenol, and other phenolic compounds. The
strong remarkable antioxidant effect of these compounds is due
to the presence of a phenolic OH group, which inhibits the chain

the propagation phase of the radical chain reaction. The fact reaction _by apting as hydrogen donor or fr_ee rad_ica}l acceptor.
that the addition of spices to oils and fats improves their stability '€ radical intermediates of the phenolic antioxidants are
is probably due to the scavenging activity of free radicals that relatlvgl_y stablt_a due to resonance delocalization and the lack
results from the antioxidant capacity of the spic&akie 4). of positions suitable for attack by molecular oxygé3)

Among the analyzed spices, nutmeg presented the longest In ref 54, Gordon and An confirmed the good antioxidant
induction time with the oils and fats useal € 0.05). The effect  activity of licorice extracts when they were assessed in lard
of nutmeg on corn oil does not differ significantly from the during oxidative processes using the Rancimat method. A more
effects of ginger and licorice. In margarine, ginger exhibited a recent study identified the constituents of licorice as flavonoids,
protection factor similar to that of nutmeg, whereas in butter isoflavonoids, and phenolic compounds that, by oxidizing into
licorice showed no significant difference from nutmeg. Among stable radicals in the reaction medium, were responsible for the
the common food additives assayed, propyl gallate showed antioxidant activity (55). The synergistic effects of flavonoid
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mixtures may be responsible for the high antioxidant activity Tanle 6. Scavenging of ABTS Radical Anions by Dessert Spices and

observed in mixtures (56). Common Food Antioxidants and Variations with the Application of
He et al. (57) found that ginger had a better antioxidant effect Different Irradiation Doses?

than cinnamon in lard and in peanut oil, probably due to the dded iradi dded iradi

presence of tocopherols, phospholipids, and phenolic com- ":ea;iof ';?or:' ":ea;iotr? ';?m:

pounds, which have aromatic rings, or due to the synergistic mixture® (kGy) TEACS mixure®  (KGy) TEACS

effect of these compound4(). Yanishlieva and Marinovebg)-

indicated that mint ethanol extract is very effective in delaying

none (control)

the autoxidation process in triacylglycerols at 1 TTO:OX (0.05mM) 1-00’i0-0 BHA 0 9-99f0-1
Vanillin and vanillic acid are frequently used as flavoring Eglgi Egég m% 18:88;8:8 é 353;8;
agents in ice creams, breakfast cereals, gelatins, puddings, and 5 957+03
nonalcoholic beverages; both have been seen to protect food anise 0 1027+01 10 9.65+0.3
from peroxidation (59). é 18% : g-; - 0 osson
Our findings were also confirmed by determining the iodine 5 1015+02 1 017+02
values in oils and fats before and after using the Rancimat 10 10.27+0.1 3 0.15+0.1
method. In sunflower oil the values decreased from-10176 _ 5 019+01
to 100—106. The iodine values were 99—108 for corn oil, cinnamon 0 11-69f0-2 10 018£02
decreasing to 81100 after processing with Rancimat at 110 % ﬂ:gi;g:g oropyl 0 1161+01
°C. For olive oil, the values decreased from-@G5 to 58-66, 5 1160+01  gallate 1 11.61+01
for margarine from 7890 to 74—82, and for butter from 26 10 11.62+0.4 3 11.60 +0.2
30 to 21—29. These decreases in the iodine values correlated 5 1159+01
well with the decrease in unsaturated fatty acids and temperature 9% (1) ggg : 8; 10 1159£01
(60). These data closely reflect the values found in other 3 852401
experiments for margarine (61) and olive and sunflower oils 5 8.28+0.1
(62). 10 8.31+0.2
Although hydrogenation stabilizes oil, the sample of fat mint 0 1117+02
containing added lecithin was much less stable in the Rancimat 1 111601
test than when stored without air. This was probably due to the g ﬁig f 8‘11'
tendency of lecithin to make oils foam, which reduces their 10 1114+03
stability and causes an effective increase in the surface area ofnutmeg 0 513401
the oil in contact with oxygen6g). 1 489+01
Reaction with Superoxide.A mixture of hypoxanthine and 3 4.93+0.2
xantine oxidase at pH 7.4 generates*Q which can be 5 518201
measured by its ability to reduce ferricytochrom# ferrocy- 10 502£02
tochromec. Any added compound that is itself able to react licorice 0 89801
with the G~ ion should decrease the rate of reduction of é gggig%
ferricytochromec. Superoxide dismutase inhibits its reduction 5 0.04+0.1
by 90% (32). 10 9.03+0.2
Table 5 shows the scavenging of superoxide radical by vanila 0 8.81+0.1
different dessert spices compared with the activity of the 1 8.66 £0.1
common food additives submitted to different irradiation doses. g ggf : 8;
Cinnamon exhibited the highest antioxidant activipy< 0.05) 10 8.78+ 0.3

of all the spices and additives analyzed with a percentage of

!nh!b!t'on of 71.6%. Anise and ginger al_so _S_h_owed good a Statistical differences were analyzed by ANOVA (p < 0.05). ® Compounds in
inhibitory effects of about 52.2 and 56.7% inhibition, respec- aqueous medium at concentration = 5%. © TEAC is the millimolar concentration
tively, both significantly different with respect to the other  ofa Trolox solution having an antioxidant capacity equivalent to that of the dilution
spices. The other spices and common food additives analyzedof the substance under investigation. ¢ Compounds in agueous medium at
were less efficient as scavengers of superoxide radical and inconcentration = 100 ug/g.

decreasing order of inhibition were licoriee mint = BHA >

nutmeg= propyl gallate> vanilla = BHT, with percentages  doses. The best spice sample in this respect was cinnamon (
that varied from 44.8 to 9% for the samples. Irradiated samples < 0.05), which showed a TEAC value similar to that of propyl

did not show significant differenceg (< 0.05) from non-  gallate. These were followed by mint, which showed better

irradiated samples. antioxidant activity than 0.5 mM Trolox and anise (with similar
Others researchers have demonstrated that extracts such asntioxidant values). In decreasing order the rest of spices and

green tea (64), garlic (65), or clove oil (rich in eugendp) additives were BHA> licorice = vanilla > ginger> nutmeg

are good superoxide radical scavengers. > BHT. The irradiated samples did not show significant

TEAC Assay. TEAC values can be assigned to all com- differences (p< 0.05) from non-irradiated samples.
pounds able to scavenge ABTS by comparing the scavenging Although few spices have been analyzed by TEAC, thyme
capacities of these compounds with that of Trolox, a water has been seen to possess antioxidant activity (67), probably
soluble vitamin E analogue. The quantitative evaluation of because it contains compounds such as phenolics and flavonoids,
antioxidant capacity based on TEAC can be used to provide awhich, when analyzed with this assay, have been seen to be
ranking order of antioxidants (26). good antioxidants.

Table 6 shows the TEAC of the dessert spices and common  In summary, taking into account the different free radical
food antioxidants submitted (or not) to different irradiation assays, licorice, anise, cinnamon, and mint show high antioxi-
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dant and scavenging capacities, whereas nutmeg, vanilla, and (3) Afifi, N. A.; Ramadan, A.; El-Kashoury, E. A.; El-Banna, H.
ginger show slightly lower antioxidant and scavenging activities. A. Some pharmacological activities of essential oils of certain
However, the results obtained by Rancimat test point to better umbeliiferous fruitsVet. Med. J. Giza 1994,42, 85-92. _
antioxidant properties for nutmeg, licorice, ginger, and vanilla ~ (4) Curtis, O. F.; Shetty, K.; Cassagnol, G.; Peleg, M. Comparison
than for mint, cinnamon, and anise. These variations may be of the inhibitory and lethal effects of synthetic versions of plant

due to the reaction medium and the composition of these spices metabolites (anethole, carvacrol, eugenol, and thymol) on a food
P P ’ spoilage yeast¥ebaromyces hansehiFood Biotechnal1996

an “antioxidant paradox”, because the antioxidant activity of 10, 5-73.

phenolic compounds depends on the number of hydroxyl groups  (5) pourgholam, M. H.; Majzoob, S.; Javadi, M.; Kamalinejad, M.;
in the molecule and can be increased by steric hindraé®e ( Fanaee, G. H.; Sayyah, M. The fruit essential oiPafpinella
The more polar compounds are more protective in a continuous anisumexerts anticonvulsant effects in mick.Enthnopharma-
lipid system owing to their location at the lipid—air interface, col. 1999,66, 211—-215.

which provides better protection than lipophilic antioxidants that ~ (6) Chicouri, M.; Chicouri, I. Novel pharmaceutical compositions
remain in solution in the oil phase. On the other hand, lipophilic containing senna with laxative effect. Fr. Demande FR 2791892
antioxidants are more active in an oil-in-water emulsion system, A1, Oct 13, 2000; 6 pp

the active surface being oriented to the-ailater interface@9). (7) Baratta, M. T.; Dorman, H. J. D.; Deans, S. G.; Figueiredo, A.
C.; Barroso, J. G.; Ruberto, G. Antimicrobial and antioxidant

Influence of Irradiation Procedure on Antioxidant Activ- h i .
. S properties of some commercial essential dtlavour Fragrance
ity. In Tables 1-6, we can observe that there were no significant 31998 13 235-244

differences (p< 0.05) between irradiated and non-irradiated gy kalemba, D. Antibacterial and antifungal properties of essential
samples. Radiation doses up to 10 kGy have no effect on the oils. Postepy Mikrobiol 1999,3, 185—203.

scavenging capacity of free radicals (LO@H, Oy~) or (9) Chung, H. R.; Lee, J. Y.; Kim, D. C.; Hwang, W. I. Synergistic
reactive oxygen species such asCh for the spices and effect of Panax ginsengand Cinnamomum blumenixture on
additives analyzed. Furthermore, the antioxidant activities the inhibition of cancer cell growth in vitral. Ginseng Res.
evaluated by TEAC were similar in both irradiated and non- 1999,23, 99-104.

irradiated samples. (10) Broadhurst, C. L.; Polansky, M. M.; Anderson, R. A. Insulin-

like biological activity of culinary and medicinal plant agueous
extracts in vitroJ. Agric. Food Chem2000,48, 849—852.

(11) Platel, K.; Srinivasan, K. Influence of dietary spices and their
active principles on pancreatic digestive enzymes in albino rats.

Irradiation at the doses studied did not show any significant
influence on the antioxidant activity of some spices such as
nutmeg (70) and anise (71) evaluated against sunflower oil or

lard oxidation by per_oxide value. _ _ _ Nahrung2000,44, 42-46.

Nevertheless, Variyar et al7g) obtained a higher yield of  (12) Baran, A.; Fenercioglu, H. A research on the determination of
oil from y-irradiated (10 kGy) ginger as compared to control properties and preservation of liquorice extra®ida 1991,16,
(this could be attributed to radiation induced disruption of the 391—396.
cell wall struture and consequent higher extractability from the (13) Mizutaki, K. Biological activities, production and uses of
tissues), without affecting its flavor quality. Later, Variyar et chemical constituents of licorice. I[Rood Phytochemicals for
al. (73) detected quantitative differences in the essential nutmeg Cancer Prevention Il; ACS Symposium Series 547; American
oil constituents and an increased amount of phenolic acid Chemical Society: Washington, DC, 1994; pp 322—328.

t (14) Fuhrman, B.; Buch, S.; Vaya, J.; Belinky, P.; Coleman, R.;
Hayek, T.; Aviram, M. Licorice extract and its major polyphenol
glabadrin protect low-density lipoprotein against lipid peroxi-
dation: in vitro and ex vivo studies in humans and in athe-

(probably, due to the degradation of tannins and consequen
higher extractability of phenolic acids) irirradiated samples
(74). In any case, the insignificant effect of irradiation on the

chemical composition of dry spices can be explained by their roesclerotic apolipoprotein E-deficient miogm. J. Clin Nutr.

low water content, which limits the possibility of free radicals 1997,66, 267—275.

being formed (75). (15) Hatano, T.; Yoshida, T. Bioactive phenolics from licorice: their
In conclusion, from our results we can relate that irradiation radical-scavenging effects, inhibitory effects on oxidative en-

treatment up to 10 kGy does not affect the good antioxidant zymes and antiviral effects. Towards Natural Medicine Research

properties of the studied dessert spices and so can be safely in the 21st Centuryint. Congr. Ser1998,No. 1157, 261-278.

used as a preservative technique. (16) Yokota, T.; Nisho, H.; Kubota, Y.; Mizoguchi, M. The inhibitory

effect of glabridin from licorice extracts on melanogenesis and
inflammation.Pigment Cell Res1998,11, 355—361.
ABBREVIATIONS USED (17) Singletary, K.; McDonald, C. Inhibition of benajpyrene and
ABAP, 2,2-azobis(2-amidinopropane) hydrochloride; ABTS 1,6_-din_itropyr9ne-DNA adduct formation in human mammary
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azinobis(3-ethylbenzthiazoline-6-sulfonate) radical anions; BHA, 2000,155, 47-54. o L
butylated hydroxyanisole; BHT, butylated hydroxytoluene: (18) Murata, K.; Yasuda, H. Peppermint oil, spearmint oil extracts

2 ! L L of natural products aslelicobacter pyloriinhibitors and for
EDTA, ethylenediaminetetraacetic acid; LO@eroxyl radical; treatment of gastritis and gastric and duodenal ulcers. Jpn. Kokai

MDA, malondialdehyde; @™, superoxide anion .radical; OH Tokkyo Koho JP 11001429 A2 6, Jan 1999.
hydroxyl radical; PBS, phosphate-buffered saline; PG, propyl (19) Areias, F. M.; Valentao, P.; Andrade, P. B.; Ferreres, F.; Seabra,
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