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Food processing involves changes in structural 
integrity of the plant material and this produces 
both negative and positive effects on their antioxi-
dant activity. The antioxidant activity is diminished 
owing to inactivation of antioxidant compounds 
caused by different chemical reactions enhanced 
by the effect of heat. The positive effects of food 
processing include in some cases transformation 
of antioxidants into more active compounds, such 
as the deglycosylation of onion quercetin, as well 
as an increase in the antioxidant activity owing to 
inhibition of enzymes [1]. An important primary 
effect of food browning caused by the Maillard 
reactions may be the formation of antioxidants 
in a thermal treatment conditions as well [2, 3]. 
Thermal processing of tomatoes enhances their 
nutritional value by increasing the bioaccessible 
lycopene content as well as the total antioxidant 
activity [4-6]. Cooking sweet corn increases its 
antioxidant activity, despite decreasing its vita-
min C content [7]. Antioxidant activity of beets 
processed under typical commercial processing 
conditions remained constant despite an 8% loss 
of vitamin C. In contrast, vitamin C and dietary 
folate content of green beans remained constant, 
whereas a 32% reduction in phenolic compounds 

occurred after typical commercial processing con-
ditions. The antioxidant activity of green beans 
was reduced by 20% [8]. Among some fresh and 
thermally treated vegetables, shallot showed the 
highest total antioxidant activity, followed by spin-
ach, swamp cabbage, cabbage and kale. Except 
for shallot and cabbage, the antioxidant activities 
of kale, spinach and swamp cabbage were signifi-
cantly decreased (p < 0.05) after thermal treat-
ment. Moreover, this study revealed that a one 
minute thermal treatment significantly decreased 
(p < 0.05) the total phenolic content of all vege-
tables studied [9]. Effects of microwave and con-
ventional cooking methods were studied on the 
total phenolics and antioxidant activity of pepper, 
squash, green beans, peas, leek, broccoli and spin-
ach. Total phenolics content of fresh vegetables 
ranged from 1.832 to 13.447 mg.g-1 (as gallic acid 
equivalent) on the dry weight basis. The total anti-
oxidant activity ranged from 12.2% to 78.2%. With 
the exception of spinach, cooking affected total 
phenolics content significantly (p < 0.05). The ef-
fect of various cooking methods on total phenolics 
was significant (p < 0.05) only for pepper, peas and 
broccoli. After cooking, total antioxidant activity 
increased or remained unchanged depending on 
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mal (75–120 °C) and high pressure (100–800 MPa; 
30–65 °C) treatments. The water soluble antioxi-
dant capacities of both orange and carrot juice, 
determined using the Trolox (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) equivalent 
antioxidant capacity TEAC number, increased for 
the first 60 min and 90 min of thermal treatment 
respectively [18]. Free radical scavenging capacity 
of the extracts from red and white grape pomace 
peels (RGPP, WGPP) and as a reference for two 
commonly used antioxidants (BHA (synthetic) 
and DL-tocopherol (natural) heated at processing 
temperatures (80, 100, and 120 °C) was evaluated 
using the DPPH reagent. Kinetic behavior of the 
sample extracts did not change when they were 
heated, following a general multiplicative model in 
which remaining DPPH was more affected by tem-
perature than the time needed to reach the steady 
state [19].

Spices and vegetables possess antioxidant ac-
tivity that can be applied for preservation of lipids 
and reduce lipid peroxidation in biological systems. 
The potential antioxidant activities of selected ex-
tracts of spices (water and alcohol 1:1) were inves-
tigated on enzymatic lipid peroxidation. Water and 
alcoholic extract (1:1) of commonly used spices 
(garlic, ginger, onion, mint, cloves, cinnamon and 
pepper) dose-dependently inhibited oxidation 
of fatty acid, linoleic acid in presence of soybean 
lipoxygenase. Among the spices tested, cloves ex-
hibited the highest while onion showed the low-
est antioxidant activity. The relative antioxidant 
activities decreased in the order of cloves, cinna-
mon, pepper, ginger, garlic, mint and onion. Spice 
mix composed of ginger, onion and garlic; onion 
and ginger; ginger and garlic showed cumulative 
inhibition of lipid peroxidation thus exhibiting 
their synergistic antioxidant activity. The antioxi-
dant activity of spice extracts were retained even 
after boiling for 30 min at 100 °C, indicating that 
the spice constituents were resistant to thermal 
denaturation. Antioxidant activity of these dietary 
spices thus suggests that in addition to imparting 
flavour to the food, they possess potential health 
benefits by inhibiting the lipid peroxidation [20]. 
The effect of heating on antioxidant effectiveness 
and the chemical composition of basil, cinnamon, 
clove, nutmeg, oregano and thyme essential oils 
was studied on scavenging of DPPH radical. When 
heated up to 180 °C, nutmeg oil (but not the other 
essential oils under study) showed a significantly 
higher free radical-scavenger activity and evident 
changes in its chemical composition [21]. Although 
dietary spices are resistant to thermal denatura-
tion, interestingly, when powders and oils were an-
alysed, turmeric showed an increase in antioxidant 

the type of vegetable but not type of cooking [10]. 
Soy isoflavones daidzein and genistein in model 
solutions (pH 7 and 9) were thermally treated at 
120 °C or incubated at 70, 80, and 90 °C. The anti-
oxidant activity of incubated isoflavone solutions, 
followed by the ABTS (2,2’-azino-bis(3-ethylbenz-
thiazoline-6-sulfonic acid) test, decreased rapidly 
at pH 9 for genistein, whereas only moderate re-
duction was observed for daidzein (pH 7 and 9) or 
genistein at pH 7 [11]. In honey heated at different 
temperatures (50, 60 and 70 °C) for up to 12 days 
antioxidant activity assessed by the 2,2-diphenyl-
1-picrylhidrazyl (DPPH) radical increased with 
the temperature and time of treatment [12]. Anti-
oxidant activity and the total phenolic content of 
ethanolic extracts of mango seed kernel products 
increased to a maximum after heating to 160 °C 
[13]. The flavonoids of red apples showed a higher 
antioxidant activity in fresh state, and their activity 
diminished under heat (cooking) [14]. The maxi-
mum antioxidant activity of catechin and resvera-
trol solutions was higher and occurred in a shorter 
time as the storage temperature was increased 
or the solvent polarity was decreased. The maxi-
mum values of the latter variable in the catechin 
and resveratrol cases (reaching an antiradical ac-
tivity value higher than 50% in comparison with 
the initial one) were detected when oxidation was 
carried out in ethanol at 60 °C after 6 and 24 h of 
storage, respectively. Such variations were due to 
different reaction pathways. In fact, oxidative po-
lymerization and oxidative formation of hydroxyl 
groups were found to be responsible for the en-
hancements of antiradical activity in catechin and 
resveratrol, respectively. A similar trend with vari-
ations of temperature in the different media was 
also observed in the case of grape extract [15].

After 8 hour storage of black currant and 
black aronia berry juice concentrates at 60 °C the 
amount of polyphenols decreased by 46% and 
22%, anthocyanins by 31% and 35%, respectively. 
Antioxidant activity decreased by 26% and 56%, 
respectively [16]. Blood orange segments were 
subjected to brief thermal treatments before trans-
formation into juice. Thermal treatment gener-
ally induced an increase in the main phenolic sub-
stances of orange juice, such as anthocyanins and 
total cinnamates, while ascorbic acid underwent 
a decrease. Antioxidant properties, evaluated in 
a lipoxygenase-linoleic acid system, were higher in 
thermally-treated samples, while free radical scav-
enging activity, evaluated by ESR spin trapping 
of hydroxyl radical and DPPH radical quenching, 
were enhanced in untreated juices [17]. The stabil-
ity of water-soluble antioxidant in orange and car-
rot juice was studied on a kinetic basis during ther-
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activity on heating (120 °C for 1 hour) while in the 
case of ginger this activity was reduced [22].

These findings along with earlier results sug-
gest that the effects of thermal processing on the 
antioxidant activity of foods and their components 
vary with the respective produce crop type, with 
the individual spice and with the heating proce-
dure. In order to make valid conclusions more 
research into antioxidant activity concerning all 
types of food matrix will be very useful and re-
quired. This article brings some experimental re-
sults about antioxidant activity changes caused by 
thermal treatment of grounded raw black pepper, 
oregano, and allspice - spices which are the most 
used spices in our country.

MATERIALS AND METHODS

Materials and sample preparation
For the antioxidant activity, black pepper (den-

sity 550 g.l-1, dry matter 87.9% w/w) from Vietnam, 
oregano K. B., N. Bükey, from Cambidi, Izmir, 
Turkey (dry matter 90.1% w/w), and allspice from 
Mexico (dry matter 86.9% w/w) were used. All raw 
and thermally non-treated spices harvested in 2005 
year were obtained from wholesale distributor 
Mäspoma, Dvory nad Žitavou, Slovakia. All sam-
ples of spices were ground at this company. Next 
day the thermal treatment of spices was carried 
out at the VÚP Food Research Institute (Bratis-
lava) by heat treatment at 130 °C for 5 minutes in 
25 ml closed glass bottles, placed in a metal block 
thermostat (Liebisch, Bielefeld, Germany). These 
laboratory conditions well simulated the steriliza-
tion of spices, whereby the internal temperature 
of spices in bottles achieved 96 °C, similar to the 
commercial practice. Raw and thermally treated 
samples of spices were packed in 75 g polyethylene 
bags and stored in closed glass container at labo-
ratory conditions (25 °C, relative humidity 40%). 
Dry matter content of these spices increased by 
about 4% upon 6 months storage. Determination 
of some antioxidant properties was made with 
extracts prepared from 2 g spices extracted for 
1 hour with 50 ml of water-methanol solution 80% 
(v/v) using a laboratory shaker (Innova 2000, New 
Brunswick Scientific, Edison. New Jersey, USA) 
at 3,3 Hz. Water-methanol solution was chosen 
on the basis of our experimental results and is the 
most frequently used solvent for antioxidants ex-
traction from herbs and spices [23].

DPPH radical scavenging assay
DPPH radical scavenging assay was modified 

according to BANDONIENÉ [24]. Methanol spice ex-

tract (0.5 ml black pepper, or 0.05 ml oregano, or 
0.05 ml allspice) was placed into 25 ml of DPPH 
(6.10-5 mol.l-1) methanol solution, thoroughly 
mixed and absorbance at 515 nm was measured 
after 5 min. Radical scavenging activity was calcu-
lated as:

The spice extracts dilution caused by different 
extract doses in DPPH solution was calculated 
for the correct comparison of spices antiradical 
 activity.

Thiobarbituric acid number
Thiobarbituric acid reactive substances were 

determined according to method of ZIN [25]. 
To 1 ml of methanol spice extract, 20% (w/w) aq. 
trichloroacetic acid (2 ml) and of 0.67% (w/w) aq. 
thiobarbituric acid solution (2 ml) were added. 
This mixture was then placed in a boiling water 
bath for 10 min. After cooling it was centrifuged 
at 50 Hz for 20 min. Thiobarbituric acid number 
was determined as the absorbance of supernatant 
at 532 nm.

Reducing power
Determination of reducing power was carried 

out according to CHYAU et al. [26]. Spice methanol 
extract (2 ml black pepper, or 0.1 ml oregano, or 
0.1 ml allspice) was mixed with 2 ml of 0.2 M so-
dium phosphate buffer (pH 6.6) and 2 ml of 1% 
(w/w) potassium ferricyanide, and the mixture 
was incubated at 50 °C for 20 minutes. After 2 ml 
of 10% (w/w) trichloroacetic acid was added, the 
mixture was centrifuged at 50 Hz for ten minutes. 
Upper layer 1 ml was mixed with 1 ml of distilled 
water and 0.2 ml of 0.1% (w/w) ferric chloride, and 
the absorbance at 700 nm was read after 1 minute.  
The spice extracts dilution caused by different ex-
tract doses in this assay was calculated for the cor-
rect comparison of spices reducing power.

Total phenolic compounds
Total phenolics were determined using the 

Folin-Ciocalteau modified method [27]. 100 μl of 
the methanol spice extract was diluted to 15.9 ml 
with water and 1 ml of Folin-Ciocalteau reagent 
(Merck, Darmstadt, Germany) was added. Af-
ter 10 min, 3 ml of 20% of sodium carbonate was 
added and the content was mixed thoroughly. The 
colour was developed and after 60 min absorb-
ance measured at 755 nm.  The same procedure 
was used for a standard solution of gallic acid. The 
results were expressed as mg gallic acid/litre of ex-
tract.



 Effect of thermal treatment and storage on antioxidant activity of some spices

 23

Spectrophotometric measurements
For the spectrophotometric measurements of 

DPPH radical-scavenging activity, thiobarbituric 
acid value and reducing power the UV-VIS Spe-
cord M40 (Carl Zeiss, Jena, Germany) was used 
at the following conditions: spectral bandwidth 20 
cm-1, integration time 1 s, and gain 3. For all meas-
urement a square cell with path length of 1 cm was 
used.

Statistical analysis
For the statistical significance determination 

the ANOVA - Analysis of Variance (one factor) 
at the significance level of 0.05 was used. In all as-
says three runs  of the full procedure were carried 
out, including the weighing, extraction and analy-
sis of each sample. For the visualization and clas-
sification of all thermally treated and untreated 
spices, the Multiple Canonical Discriminant Anal-
ysis (MCDA) was applied using of statistical pro-
gramme Unistat® (Unistat, London, United King-
dom) with standardized criteria of convergence.

RESULTS AND DISCUSSION

All experimental results of antioxidant activity , 
characterized by the DPPH antiradical activity, 
thiobarbituric number, reducing power and total 
polyphenolics content are summarized and visu-
alized in Figs. 1–4. These figures show average 
 values of antioxidant parameters obtained from 
triplicate measurement of each spices. 

In the Fig. 1 we can see results of spice metha-
nol extracts scavenging activity on stable DPPH 
radical. From the tested spices this activity was 
the highest in oregano, followed by allspice; it 

was lowest in the black pepper methanol extract. 
Oregano had approximately twenty times higher 
DPPH antiradical activity than black pepper, all-
spice activity was slightly lower activity than that 
of oregano. Thermal treatment caused significant 
decrease of antiradical activity; mainly in allspice 
(9% immediately after thermal treatment, and 
32% after 6 months storage) and oregano (6% 
immediately after thermal treatment, and 12% af-
ter 6 months storage). In the case of black pepper 
storage caused more significant changes of anti-
radical activity (about 18% decrease of both ther-
mally treated and untreated black pepper) than 
thermal treatment. The storage alone of the ther-
mally untreated allspice and oregano caused prac-
tically no changes of their scavenging activity, but 
in the case of treated samples decrease of DPPH 
activity reached about 5% at oregano, and up to 
25% at allspice.

Fig. 2 shows changes of the thiobarbituric acid 
number which represents the content of total 
oxidative products in both thermally treated and 
untreated methanol spice extracts. The highest 
content of naturally present oxidative reactive sub-
stances was found in allspice, a slightly lower con-
tent was found in oregano, while in black pepper 
the content was rather low. In the case of allspice 
and oregano, thermal treatment caused signifi-
cant decrease of the content of oxidative reac-
tion substances. Immediately after heat treatment 
the changes achieved 24% at allspice and 8% at 
oregano. The decrease of thiobarbituric number 
probably relates to the formation of some early 
Maillard reaction products, arisen during the short 
heat treatment. Most major Maillard reactions are 
represented by sugar-amino acid groups and dur-
ing heat treatment or storage of food the reaction 

Fig. 1. Effect of thermal treatment and storage on DPPH antiradical activity of black pepper, allspice and oregano. 
T – thermally treated spices.
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between reducing saccharides and amino acids or 
proteins produced strong reducing materials such 
as amino reductants [28-32]. The found differenc-
es in thiobarbituric number of spices moderately 
decreased during the storage of spices. Effect of 
storage also significantly changed the content of 
oxidative products in spices; the effect was more 
pronounced in thermally untreated allspice and 
oregano. After six months of storage the thiobar-
bituric number decreased by about 27% in allspice 
and by 15% in oregano. In the case of thermally 
treated allspice the decrease of this value was only 
19% after 6 months of storage. After four months 
of storage the decrease in oregano had reached 
about 9%, later the thiobarbituric number moder-
ately increased. The effect of temperature on black 
pepper caused no significant differences between 
treated and untreated samples. Storage of black 
pepper effected significant decrease of the thio-
barbituric number, 18% in untreated, and 24% in 
the treated black pepper. In comparison to allspice 
and oregano, thermally treated spices showed  

higher decrease in the thiobarbituric number.
Determination of the reducing power (Fig. 3) 

showed similar differences among spices as it was 
found in the case of DPPH antiradical activity ob-
servation. The black pepper extract showed the 
lowest and oregano the highest tendency to reduce 
Fe3+ to Fe2+. Reducing power of all spices was 
significantly affected by thermal treatment. The 
biggest change of this value was determined in all-
spice, where immediately after thermal treatment 
the reducing power decreased by about 16%. In-
significant changes of reducing power were found 
in the case of black pepper. Differences among 
thermally treated and untreated spices have been 
intensified during the storage of spices. During the 
two months of allspice and oregano storage reduc-
ing power moderately decreased and then slowly 
increased.

Fig. 4 shows the determined content of total 
phenolic compounds both in thermally treated and 
untreated spices. The highest content of phenolics 
expressed as gallic acid was found in oregano, less 

Fig. 2. Effect of thermal treatment and storage on thiobarbituric number of black pepper, allspice and oregano.
T – thermally treated spices.

Fig. 3. Effect of thermal treatment and storage on reducing power of black pepper, allspice, and oregano.
T – thermally treated spices.
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in allspice, and the lowest content in black pepper. 
In case of allspice and oregano sterilization tem-
perature caused significant phenolic compounds 
decrease (9% at allspice, 5% at oregano), and 
significant increase of these compounds at black 
pepper after one month storage (26%). These dif-
ferences did not change much during the storage 
of spices. Storage similarly affected phenolics con-
tent of spices and after 6 months, decreasing their 
content by about 10% in treated allspice, increas-
ing it by about 13% in untreated and by 17% in 
thermally treated black pepper, while it was practi-
cally unchanged at oregano.

Fig. 5 shows the results of the canonical discri-
minant analysis of average values obtained from 
all antioxidant activity determinations of thermally 

treated, untreated, and spices stored for 6 months. 
This procedure very well statistically differentiated 
all the spices according to their species and more, 
with 94% correctness separated thermally treated 
from untreated spices on the basis of their classifi-
cation by case.

CONCLUSIONS

According the results found, we can state that 
thermal treatment caused significant decrease of 
antiradical activity, reducing power, content of 
oxidative and phenolic substances in all spices with 
the exception of black pepper, where temperature 
induced an increase in the content of phenolic 

Fig. 4. Effect of thermal treatment and storage on total phenolics content (as gallic acid) of black pepper, 
allspice and oregano.

T – thermally treated spices.

Fig. 5. Canonical discriminant analysis of thermally treated and stored spices.
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substances. This finding about phenolics supports 
the thesis, that an increase in polyphenolics due 
to thermal treatment may partially enhance anti-
oxidant activity of some food matrix, presented 
by many authors [2, 3, 10, 13]. Found differences 
in antioxidant activity between thermally treated 
and untreated samples of all spices were hardly af-
fected by subsequent storage. With the exception 
of black pepper as mentioned above, storage itself 
caused significant decrease of antioxidant activity, 
which was more pronounced in the case of ther-
mally treated spices. Found relative degradation of 
the majority of antioxidant attributes of spices are 
characteristic for systems after short heat treat-
ment with initial reduction in the overall antioxi-
dant activity due to the thermal degradation of 
naturally occurring antioxidants.

Acknowledgements
Authors thank to Ministry of Education of Slovak 

Republic (Subprogram „Foodstuff - Quality and Safety“, 
Registration No.: 2003SP270280E010280E01) for the 
financial support.

REFERENCES

 1. Wim, J.: Fruit and vegetable processing. Improving 
quality. Boca Raton : CRC Press, 2002. 388 pp. 
ISBN 0-8493-1541-7.

 2. Arnoldi, A.: Thermal processing and nutritional 
quality; In: Henry, C. J. K. - Chapman, C.: The nutri-
tional handbook for food processors. Cambridge : 
Woodhead Publishing Limited, 2002, pp. 265-292.

 3.  Nicoli, M. C. - Anese, M. - Parpinel, M. T. - Fran-
ceschi, S. - Lerici, C. R.: Loss and/or formation of 
antioxidants during food processing and storage. 
Cancer Letters, 114, 1997, pp. 71-74.

 4.  Dewanto, V. - Wu, X. - Adom, K.K. - Liu, R. H.: 
Thermal processing enhances the nutritional value 
of tomatoes by increasing total antioxidant activity. 
Journal of Agricultural and Food Chemistry, 50, 
2002, pp. 3010-3014.

 5.  Kerkhofs, N. S. - Lister, C. E. - Savage, G. P.: Change 
in color and antioxidant content of tomato cultivars 
following forced-air drying. Plant Foods for Human 
Nutrition, 60, 2005, pp. 117-121

 6.  Shi, J.: Lycopene in tomatoes: Chemical and physi-
cal properties affected by food processing. Critical 
Reviews in Biotechnology, 20, 2000, pp. 293-334.

 7.  Dewanto, V. - Wu, X. - Liu, R.H.: Processed 
sweet corn has higher antioxidant activity. Journal 
of Agricultural and Food Chemistry, 50, 2002, 
pp. 4959-4964.

 8.  Jiratanan, T. - Liu, R. H.: Antioxidant activity of 
processed table beets (Beta vulgaris var. conditiva) 
and green beans (Phaseolus vulgaris L.). Journal 
of Agricultural and Food Chemistry, 52, 2004, 
pp. 2659-2670.

 9. Ismail, A. - Marjan, Z. M. - Foong, Ch. W.: Total 

antioxidant activity and phenolic content in selected 
vegetables. Food Chemistry, 87, 2004, pp. 581-586.

 10. Turkmen, N. - Sari, F. - Velioglu, Y. S.: The effect 
of cooking methods on total phenolics and anti-
oxidant activity of selected green vegetables. Food 
Chemistry, 93, 2005, pp. 713-718.

 11. Ungar, Y. - Osundahunsi, O. F. - Shimoni, E.: Thermal 
stability of genistein and daidzein and its effect 
on their antioxidant activity. Journal of Agricultural 
and Food Chemistry, 51, 2003, pp. 4394-4399.

 12.  Turkmen, N. - Sari, F. - Poyrazoglu, E. S. - 
Velioglu, Y. S.: Effects of prolonged heating on anti-
oxidant activity and colour of honey. Food Chemistry, 
95, 2006, pp. 653-657.

 13.  Soong, Y. Y. - Barlow, P. J.: Antioxidant activity 
and phenolic content of selected fruit seeds. Food 
Chemistry, 88, 2004, pp. 411-417.

 14. Agostini, L. R. - Moron Jimenez, M. J. - Ra-
mon, A. N. - Ayala Gomez, A.: Determination of 
the antioxidant capacity of flavonoids in fruits and 
fresh and thermally treated vegetables. Archivos 
latinoamericanos de nutrición, 54, 2004, pp. 89-92.

 15.  Pinelo, M. - Rubilar, M. - Sineiro, J. - Nuñez, M. J.: 
A thermal treatment to increase the antioxidant 
capacity of natural phenols: catechin, resveratrol and 
grape extract cases. European Food Research and 
Technology, 221, 2005, pp. 284-290.

 16.  Kasparaviciene, G. - Briedis, V.: Stability and antioxi-
dant activity of black currant and black aronia berry 
juices. Medicina (Kaunas), 39, 2003, pp. 65-69.

 17. Scalzo, R. L. - Iannoccaria, T. - Summaa, C. - 
Morellib, R. - Rapisardac, P.: Effect of thermal 
treatments on antioxidant and antiradical activity 
of blood orange juice. Food Chemistry, 85, 2004, 
pp. 41-47.

 18. Indrawati, A. - Loey, V. - Hendrick, M.: Pressure 
and temperature stability of water-soluble antioxi-
dants in orange and carrot juice: a kinetic study. 
European Food Research and Technology, 219, 
2004, pp. 161-166.

 19.  Larrauri, J. A. - Sánchez-Moreno, C. - Saura-
Calixto, F.: Effect of temperature on the free radical 
scavenging capacity of extracts from red and white 
grape pomace peels. Journal of Agricultural and 
Food Chemistry, 46, 1998, pp. 2694-2697.

 20. Shobana, S. - Naidu, K. A.: Antioxidant activity of 
selected Indian spices. Prostaglandins, leukotrienes, 
and essential fatty acids, 62, 2000, pp. 107-110.

 21.  Tomaino, A. - Cimino, F. - Zimbalatti, V. - Venu-
ti, V. - Sulfaro, V. - De Pasquale, A. - Saija, A.: 
Influence of heating on antioxidant activity and the 
chemical composition of some spice essential oils. 
Food Chemistry, 89, 2005, pp. 549-554.

 22. Tiwari, V. - Shanker, R. - Srivastava, J. - Vankar, P. S.: 
Change in antioxidant activity of spices - turmeric 
and ginger on heat treatment. Electronic Journal of 
Environmental, Agricultural and Food Chemistry, 5, 
2006, pp. 1313-1317.

 23. Suhaj, M.: Spice antioxidants isolation and their 
antiradical activity: a review. Journal of Food 
Composition and Analysis, 19, 2006, pp. 531-537.

 24.  Bandoniené, D. - Murkovic, M. - Pfanhauser, W. - 



 Effect of thermal treatment and storage on antioxidant activity of some spices

 27

Venskutonis, P. R. - Gruzdiene, D.: Detection and 
activity evaluation of radical scavenging compounds 
by using DPPH free radical and on-line HPLC-
DPPH methods. European Food Research and 
Technology, 214, 2002, pp.143-147.

 25.  Zin, Z. M.: Antioxidative activity of extracts from 
Mengkudu (Morina citrifolia L.) root, fruit and leaf. 
Food Chemistry, 78, 2002, pp. 227-231.

 26.  Chyau, C. C. - Tsai, S. Y. - Ko, P. T. - Mau, J. L.: 
Antioxidant properties of solvent extracts from 
Terminalia catappa leaves. Food Chemistry, 78, 2002, 
pp. 483-488.

 27. Chaovanalikit, A. - Wrolstad, R. E.: Total antho-
cyanins and total phenolics of fresh and processed 
cherries and their antioxidant properties. Journal of 
Food Science, 69, 2004, pp. 67-72.

 28. Anese, M. - Manzocco, L. - Nicoli, M. C. - 
Lerici, C. R.: Antioxidant properties of tomato juice 
as affected by heating. Journal of the Science of 

Food and Agriculture, 79, 1999, pp. 750-754.
 29. Kirigaya, N. - Kato, H. - Fujimaki, M.: Antioxidant 

activity of nonenzymatic browning reaction products. 
Nihon Nogei Kagaku, 43, 1969, pp. 484-491.

 30. Homma, S. - Suzuki, N. - Kato, H.: Study on the 
browning of Kori-Tofu. Part III Occurrence of free 
amino acid and peptides accompanied with changes 
of proteins during browning process. Agricultural 
and Biological Chemistry, 34, 1970, pp. 523-531.

 31. Kato, H. - Hayase, F.: Chemical analysis of the 
compounds produced by amino-carbonyl reaction 
in food and biological systems. Yukagaku, 38, 1989, 
pp. 865-875.

 32. Hodge, J. E.: Browning reactions in model systems. 
Journal of Agricultural and Food Chemistry, 1, 1953, 
pp. 928-943.

Received 9 October 2006; revised 19 December 2006; 
accepted 24 January 2007.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


