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INTRODUCTION

Of  all vegetables consumed in  Europe and  all over 
the world, Brassica vegetables are regarded as the most im-
portant ones. They vary in terms of quantities of many nutri-
ents. Since they are consumed in large amounts and frequent-
ly, they may be  treated as an important source of nutrients 
and  bioactive compounds in  the  everyday diet [Avato & 
Argentieri, 2015; Kapusta-Duch et al., 2016]. According to 
many studies, Brassica vegetables have been shown to be po-
tent in work against certain cancer, cardiovascular and de-
generative diseases, immune dysfunction and  aged-related 
macular degeneration [Fuentes et al., 2015].

Caulifl ower (Brassica oleracea var. botrytis) is  one 
of the most popular Brassica vegetables and has a broad va-
riety of uses as a dish or as an ingredient in soups or salads. 
Caulifl ower is an excellent source of vitamins B1, B2, B3, B5, B6, 
C, E and K, folic acid as well as dietary fi ber, omega-3 fatty ac-
ids, proteins, potassium, phosphorus, magnesium manganese 
and iron [Ahmed & Ali, 2013; Florkiewicz et al., 2014]. What 
is more, this vegetable is also rich in healthy plant metabolites, 
which include sulfur-containing glucosinolates, fl avonoids, ter-
penes, S-methylcysteine sulfoxide, coumarins, and other minor 
compounds. It has been reported that these compounds in cau-
lifl ower and other Brassica vegetables were effective in protec-
tion against and counteracting some kinds of cancer [Ahmed 
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& Ali, 2013]. Glucosinolates and their breakdown products as 
well as polyphenols show also antioxidant, anti-infl ammatory, 
anti-allergic, anti-fungal, anti-virus, anti-mutagenic, and anti-
bacterial properties [Avato & Argentieri, 2015].

However, an access to fresh vegetables is sometimes limited. 
Additionally, these seasonal vegetables may be stored raw for 
long periods of time and hence could be available throughout 
the year. In view of the above, a contemporary man is searching 
for effective methods of food storage to minimize losses occur-
ring during this process. Hence, studies are conducted all over 
the world to fi nd a method which will be benefi cial from both 
nutritional and economic point of view and the use of which 
is inexpensive but effi cient enough to maintain a natural com-
position of the stored product [Florkiewicz et al., 2014]. Vari-
ous technological treatments such as cooking, pre-processing 
(washing, peeling, grinding) and storage may lead to signifi cant 
reductions in antioxidants. Vitamin C is highly labile and long-
-term storage, high temperatures and  physical or chemical 
damage of  the product have a negative infl uence on its con-
tent [Peñas et al., 2015]. Preliminary treatment of vegetables 
leads also to enzymatic decomposition of total polyphenols or 
their decomposition due to the presence of oxygen. In addition, 
the long-term storage intensifi es the processes of enzymatic or 
chemical oxidation of these substances to an extent depending 
on environmental factors such as, among others, temperature, 
pH, water activity, time and  the  access to oxygen. Changes 
in the antioxidant activity in vegetables during their storage can 
be associated with changes in the level of antioxidants, for ex-
ample, fl avonoids, phenolic acids, amino acids, ascorbic acid, 
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tocopherols and some pigments as well as with their mutual 
interactions [Volden et al., 2009].

The role of packaging is quite wide and one of the most 
important functions of packaging is  to protect the product 
against the external conditions as well as mechanical damag-
es. Selections of suitable packaging materials guarantee high 
quality of products with regard to their sensory and nutrition-
al characteristics [Van Ooijen et al., 2016]. The  low density 
polyethylene (PE-LD) properties include low permeability to 
water vapor and good permeability to gases, especially carbon 
dioxide. Oriented polystyrene (OPS) is a rather poor barrier 
to oxygen and water vapor and has a relatively low melting 
point [Hussein et al., 2015].

Freezing is one of the simplest, fastest as well as the most 
universal and convenient ways of preserving food. This study 
was aimed at examining changes in dry mass, vitamin C, total 
polyphenols and antioxidant activity occurring in the Flamen-
co cultivar of caulifl ower during blanching, freezing and frozen 
storage for three successive months in two types of packaging 
systems: PE-LD packages with the zipper closure and sealed 
OPS food packages.

Hence, to evaluate the availability of the phytochemicals 
in a human diet, discovering what happens to phytochemi-
cals before and  after food processing as well as their fi nal 
concentration, is  intrinsic to the current state of knowledge. 
Generally, this study was undertaken to broaden knowledge 
on health-promoting properties of  caulifl ower, particularly 
in terms of the following indicators: dry mass, vitamin C, total 
polyphenols and antioxidant activity. In addition, the results 
should help to choose the package, which will be  the most 
suitable for the frozen storage of caulifl ower.

MATERIAL AND METHODS

Material
The experimental material was the caulifl ower of Flamen-

co cultivar, which was purchased in fi ve direct sale markets lo-
cated in Kraków (Poland). The caulifl ower examined derived 
from the Autumn harvest. 

Sample preparation
Caulifl ower pre-processing included the  following op-

erations: rejection of  leaves, washing, and  dividing into 
roses 4–6  cm in diameter and 5  cm in  length. The process 
of blanching was carried out in water at 92–98°C for 2–3 min. 
After blanching, the material was chilled and dried at room 
temperature for about 20 min. Afterwards, the material was 
divided by half and packed in  two types of packaging sys-
tems: half of the samples in the low density polyethylene (PE-
LD) packages with the  zipper closure (0.915–0.935  g/cm³ 
in density and 230 x 320 mm in size); and the remaining part 
in  the  sealed oriented polystyrene (OPS) packages (216  x 
176 x 75 mm in size and 1.05 g/cm³ in density). Next, the sam-
ples were sealed hermetically and kept at -22°C in a Liebherr 
GTS 3612 chamber freezer (Germany). 

Analytical methods
Analyses were carried out on the raw material, blanched 

material, and the frozen product. Frozen samples were ana-

lyzed after 24 h as well as after one, two and  three months 
of frozen storage. The experimental material taken from ev-
ery package (on average: 3 roses differing in diameter – from 
the  smallest up to the  largest) was collected and  then ho-
mogenized using a homogenizer (CAT type X 120) to obtain 
a mean representative sample. 

Dry mass content
The dry mass of  the  vegetable samples was determined 

according to the Polish Standard [PN-90/A-75101/03]. This 
analysis relies on determining the decrease in mass upon re-
moval of water from the product during thermal drying at 
the temperature of 105ºC, under normal pressure conditions.

Vitamin C content
The  content of  total ascorbic acid and dehydroascorbic 

acid was determined using 2,6-dichlorophenoloindophenol 
in  accordance with Polish Standard [PN-A-04019:1998]. 
Ascorbic acid was extracted using an oxalic acid solution. Vi-
tamin C content was expressed as milligrams per 100 gram 
of dry weight (mg/100 g d.m.).

Preparation of methanol extracts 
Subsequently, methanol extracts (5  g of  raw vegetables 

in 80 mL of a 70% methanol solution) were obtained from 
a mean representative sample by shaking the fresh plant ma-
terial in an Elpan, 357 water bath shaker at ambient tempera-
ture for 2 h. They were then centrifuged using a MPW-340 
centrifuge, fi ltered and fi nally stored at -22°C [Pellegrini et al., 
2003].

Total polyphenolic compounds concentration
The above-described methanolic extracts (5 g of raw veg-

etables in 80 mL of a 70% methanol solution) were used to 
establish the  total polyphenolic compounds content, using 
the Folin-Ciocalteau reagent (Sigma-Aldrich St. Luis, Mis-
souri, USA) [Swain & Hillis, 1959]. The  content of  total 
phenols in the extracts was measured by means of a spectro-
photometric method at 760  nm with a  Folin-Ciocalteu re-
agent using a RayLeigh UV-1800 spectrophotometer (China). 
The results were expressed as milligrams of chlorogenic acid 
equivalent (CGA) per 100 g of dry weight, based on the stan-
dard curve for chlorogenic acid (mg CGA/100 g d.m.). 

Antioxidant activity determination
Identical methanolic extracts (5  g of  raw vegetables 

in  80 mL of  70% methanol solution) were used to deter-
mine the antioxidant activity based on the ABTS•+ free radi-
cal (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) 
scavenging ability – by  a  colorimetric assay of  the  content 
of  the ABTS•+ free radical solution, which had not been re-
duced by the antioxidant present in the products examined [Re 
et al., 1999]. This in vitro assay involves the generation of a rel-
atively stable free radical that loses color after scavenging elec-
trons from lipophilic and hydrophilic antioxidants in a sam-
ple. The color change, monitored by the change in absorbance 
at 734 nm after a  specifi ed time and  temperature (6 min at 
30ºC), is  proportional to the  antioxidant’s concentration. 
ABTS•+, potassium persulfate, and  Trolox were purchased 



J. Kapusta-Duch et al. 213

from Sigma-Aldrich (Sigma-Aldrich St. Luis, Missouri, USA). 
The values obtained for each sample, after their comparison 
with the concentration–response curve of the standard Trolox 
solution, were expressed as μmol Trolox equivalents per gram 
of dry weight (TEAC) (μmol Trolox/g d.m.).

Statistical analysis
All analyses were conducted in three parallel replications 

and mean ± SD were calculated for the values obtained. One-
-way analysis of variance was applied to establish the signifi -
cance of differences between mean values   of the samples: (1) 
raw and blanched, (2) stored in two different types of packag-
ing, (3), and kept in various storage times. In turn, by means 
of two-way analysis of variance, the signifi cance of differenc-
es was found between the values   of parameters determined 
in  the vegetables: blanched, frozen and  freeze-stored, as af-
fected by the packaging type. The signifi cance of differences 
was calculated on the basis of the Duncan’s test at the critical 
signifi cance level of p<0.05.

RESULTS AND DISCUSSION

Dry mass
Blanching caused a signifi cant reduction (p<0.05) in dry 

mass content as compared to the raw vegetable, whereas no 
signifi cant changes (p>0.05) were found in  this parameter 
due to freezing (Table 1). 

After 1-, 2-, and 3-month frozen storage, substantial de-
creases of, respectively, 3%, 5%, and 7% were recorded for 
dry mass in the vegetables stored in low-density polyethylene 
(PE-LD) packages, while losses observed for the  vegetable 
stored in oriented polystyrene (OPS) packages were of about 
5% (in the fi rst and second month) and of 8% compared with 
the  blanched vegetable (Table 2). Simultaneously, package 
type had no substantial effect (p>0.05) on dry mass content 
in the freeze-stored vegetables (Table 2).

Table 1 illustrates dry mass content in fresh and blanched 
caulifl ower; the  value recorded in  the  fresh material (10.4) 
was similar to the values reported in the available literature, 
which were within the range of 8.8–12.6 g/100 g [Lo Scalzo 
et al., 2007].

Hydro-thermal processing applied in  this research re-
sulted in a successive decrease in dry mass content. Blanch-

ing caused a 7% reduction in the value of this parameter as 
compared to fresh vegetables. According to Gębczyński & 
Kmiecik [2007], dry mass content decreased by 10% during 
blanching compared to the fresh vegetable. The mean losses 
in dry mass content (8.8%) observed by Filipiak-Florkiewicz 
[2011] in the caulifl ower of Rober cultivar (white rose) were 
similar to our fi ndings; however, in the case of the caulifl ower 
of Amfora cultivar (green rose), the author noted a small re-
duction in this parameter (only 2.5%). A decrease in the dry 
mass content was probably caused by leaching out of the sol-
uble constituents into water. A decrease in dry mass content 
during such a  process was also observed by  other authors 
[Lisiewska & Kmiecik, 1996; Gębczyński & Kmiecik, 2007].

The present study proved that after 24-hour freezing, there 
were no signifi cant changes in dry mass content in  the  cau-
lifl ower examined, as compared to the  blanched vegetable. 
In contrast, Filipiak-Florkiewicz [2011], who investigated two 
caulifl ower cultivars Rober and Amfora, found that only the pro-
cess of freezing followed by 24-hour frozen storage led to about 
8.8% reduction in dry mass content compared with the raw veg-
etable, which is an amount close to this reported for blanching; 
however, it contrasts with our fi ndings (on average: 1.5%).

It has been proved that in the examined vegetable, in com-
parison with the blanched material, there were considerable 
differences (on average: 7.5%) in the level of this parameter af-
ter 1-, 2-, and 3-month frozen storage. These changes showed 
descending tendency that was not confi rmed by the fi ndings 
reported by Gębczyński & Kmiecik [2007], who revealed that 
the dry mass content was signifi cantly increasing along with 
the length of freezing, regardless of the method and param-
eters of freezing, as well as the manner of packaging.

As the dry mass content in  the  vegetable is determined 
by the type of the process applied and the packaging system 
used, all the results presented below along with the conclu-
sions have been discussed based on the results calculated per 
dry mass unit.

Vitamin C
Compared with the raw vegetable, there were no statisti-

cally signifi cant changes (p>0.05) in vitamin C content due 
to blanching (Table 1).

In the case of vegetables stored in PE-LD packages, freez-
ing as well as 1- and 2-month frozen storage resulted in a sta-

TABLE 1. Content of dry mass, vitamin C, total polyphenols and antioxi-
dant activity in raw and blanched caulifl ower.

Compound Raw
x±SD1

Blanched
x±SD1

Dry mass (g/100 g) 10.40±0.0a 9.70±0.2b

Vitamin C (mg/100 g d.m.) 488.7±67.8a 480.7±104.4a

Total 
polyphenols (mg CGA/100 g d.m.) 886.4±2.0a 855.5±28.7a

Antioxidant 
activity (μmol Trolox/g d.m.) 95.8±0.1a 93.7±4.9a

Means in  rows with different superscript letters differ signifi cantly 
(p0.05). 1Values are presented as mean value ± standard deviation 
(n=3).

TABLE 2. Content of dry mass (g/100 g) of  frozen caulifl ower stored 
in different types of packages.

Storage time Zipper bags (PE-LD) 
x±SD1

Boxes (OPS) 
x±SD1

24-hours 9.53±0.37abc 9.57±0.6ab

1 month 9.40±0.76bcd 9.23±0.6de

2 months 9.27±0.19cde 9.24±1.2cde

3 months 9.03±0.6ef 8.95±0.8f

Mean value for 
packaging 9.39±0.3A 9.34±0.3A

Means in  columns with different superscript letters differ signifi cantly 
(p0.05). 1Values are presented as mean value ± standard deviation 
(n=3).
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tistically insignifi cant (p>0.05) decrease in  the  content 
of this compound by 7, 25 and 34% respectively, compared to 
the blanched vegetable. After the third month of frozen stor-
age, a decrease in this vitamin content reached 69% and was 
statistically signifi cant (p<0.05) (Table 3).

With respect to the  caulifl ower kept in OPS packages, 
losses of vitamin C were much more greater and statistically 
signifi cant (p<0.05); process of  freezing and  frozen stor-
age throughout the  successive three months led to reduc-
tions in vitamin C by 56, 62, 66 and 80% respectively, com-
pared to the blanched vegetables. It was found that the type 
of the package used had no a signifi cant effect (p>0.05) on 
vitamin C content in caulifl ower (Table 3).

Vegetables from the Brassica family are believed to be an 
excellent source of  vitamin C. However, most of  them are 
not consumed fresh, when they contain the  largest amounts 
of nutrients. Caulifl ower is commonly eaten after short ther-
mal processing (usually boiled) that substantially reduces its 
nutritive value [Florkiewicz et al., 2014].

Results obtained in this study are in agreement with fi nd-
ings of Bhandari & Kwak [2015] and Picchi et  al. [2012], 
who reported that vitamin C content in  caulifl ower ranged 
from 396.7 to 649.7 and from 346 to 638 mg/100 g dry mass, 
respectively. On the  other hand, Mazzeo et  al. [2011] re-
ported a higher content of ascorbic acid in  raw caulifl ower 
– 863.3 mg/100 g of dry mass.

Technological treatments like, among others, blanching or 
pre-treatment (washing, peeling, comminuting), may lead to 
considerable losses in antioxidants, particularly in vitamin C. 
The extent of such losses depends on the temperature applied, 
length of exposure to this temperature, and a degree of prod-
uct comminuting [Abushita et al., 2000]. In our study, cau-
lifl ower blanching resulted in a slight decrease in vitamin C 
content. Other literature sources confi rm that this process al-
ways leads to a decrease in heat-labile constituents such as vi-
tamin C. Gębczyński & Kmiecik [2007], Filipiak-Florkiewicz 
[2011], Volden et al. [2009], and Ahmed & Ali [2013] demon-
strated that this process reduced the level of vitamin C by 27, 
30, 13–23, and 38.69%, respectively. According to Florkiewicz 
et al. [2014], losses in  this vitamin result from its high sus-
ceptibility to temperature and high water solubility, as well 
as from water release in  the material examined. It  is highly 
likely that apart from this process conditions, the fi nal chemi-
cal composition of the examined vegetable is also signifi cantly 
affected by the cultivar. 

After 3 months of frozen storage, the mean content of vi-
tamin C in the examined caulifl ower was only 11.9 mg/100 g. 
According to Franke et al. [2004], a fi nal reduction in the level 
of vitamin C reaching 60% of the initial content was observed 
in broccoli. In  İncedayi & Suna’s [2012] study, caulifl ower 
fl orets were treated with 1% NaCl plus Na-metabisulfi te 
solution, then chlorinated, and  then rinsed with tap water. 
In this way, one group of experimental material was treated 
with 1.5% citric acid solution and the other group with 0.5% 
Ca-ascorbate plus citric acid 1% solution. Subsequently, 
the  fl orets were packed in  20% atmospheric air plus 80% 
N2 and 20% atmospheric air plus 70% N2 plus 10% CO2 con-
ditions with biaxially oriented polypropylene fi lm (BOPP). 
The  ascorbic acid content had decreased (11.5%) after 

15  days of  storage at 4°C.  The  frozen storage negatively 
affected the  contents of  vitamin C in  Volden et  al. [2009] 
study, especially toward the  end of  the  12-month period. 
Compared to the  blanched caulifl ower, vitamin C content 
in the 12-month stored samples reduced by 26% in the white 
cultivars and by ~16% in the green cultivars. 

According to Lisiewska & Kmiecik [1996], after complet-
ing a  4-minute blanching, no signifi cant decrease was ob-
served in vitamin C content, and after 12 months of  frozen 
storage, vitamin C losses were only 6–13% compared with 
the  blanched caulifl ower. Considerable losses of  nutrients 
and vitamin C during the frozen storage of a product can re-
sult from insuffi cient inactivation of oxidoreductive enzymes 
during blanching; effective peroxidase inactivation during this 
process is manifested by a higher content of ascorbic acid. 
The  properly conducted process of  blanching is  an essen-
tial technological operation applied prior to frozen storage; 
however, we should pay attention to blanching parameters 
and  the  length of  this operation, which if, too, short could 
have a  crucial role in  the  reduction of  vitamin C [Mazzeo 
et al., 2011]. In addition, ice crystals formed during freezing 
can negatively affect the content of vitamin C by destroying 
the vegetable tissue. The other factor could be  temperature 
fl uctuations during frozen storage, which may increase losses 
of this vitamin, thereby enhancing weight losses in a product 
[Volden et al., 2009].

Total polyphenols
Losses in  total polyphenols observed due to blanching 

were 10% and were statistically insignifi cant (p>0.05) com-
pared to the raw vegetable (Table 1).

Due to freezing and 1-month frozen storage, total poly-
phenols were reduced signifi cantly (p<0.05) compared 
to the  blanched vegetables by  8% and  7%, respectively, 
in  the  vegetables stored in  PE-LD packages and  by  11% 
and  14% in  those kept in OPS packages. After the  second 
and  third month of  frozen storage, generally, there were no 
signifi cant changes in  their contents (p>0.05) in  compari-
son with the  blanched vegetables. The  only exception was 
the  caulifl ower stored in  PE-LD packages that, compared 
to the  blanched vegetables, exhibited a  slight but statisti-
cally signifi cant (p<0.05) increase in these constituents after 
a 3-month period of storage (Table 3).

Recent studies have revealed that the  effect of  techno-
logical processing on the  antioxidant activity in  vegetables 
and  fruits as well as in  legume seeds and  cereals is not so 
clear-cut. A decrease in natural antioxidants in the products 
may be accompanied by an increase in their antioxidant activ-
ity due to the better availability of the remaining antioxidants 
[Lo Scalzo et al., 2008].

According to Ahmed & Ali [2013], the  raw caulifl ower 
contains 782.43 mg total polyphenols/100  g (on dry mass 
basis). The value found in the present study in the fresh cau-
lifl ower was a  little higher (886.4); however, we should keep 
in mind that the level of these constituents depends to a large 
extent on agro-technical and environmental conditions of cul-
tivation as well as on vegetable cultivar.

In this paper, it was found that blanching caused a 10% re-
duction in polyphenol content compared to the raw material, 
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which was statistically insignifi cant (p>0.05). Gębczyński & 
Kmiecik [2007] and Ahmed & Ali [2013] reported similar or 
higher losses of  those constituents (5–7% or 15.6%, respec-
tively) in vegetables due to blanching. In Volden et al. [2009] 
study, the blanching process signifi cantly reduced the content 
of total polyphenol by 10–21% in all caulifl ower cultivars.

Lo Scalzo et al. [2008], who examined violet caulifl ow-
er, observed a  35.4% decrease in  anthocyanins alone after 
blanching compared to the  raw material. In  this research, 
a  slight increase in  total polyphenol content compared to 
the blanched vegetable was observed for the products stored 
in  PE-LD packages after the  fi rst month of  their storage 
and after the second month for those kept in OPS packages. 
A high level, almost equal to the  level in  the blanched ma-
terial, remained almost unchanged until the end of  this ex-
periment. Leja et al. [2001] as well as Starzyńska et al. [2001] 
fi ndings confi rm such increases; however, what distinguishes 
her fi ndings from our results is  that the  reported increases 
exceeded the  initial value of  polyphenol content. H äkkinen 
& Törrönen [2000] claim that throughout several months’ 
storage of strawberries, there was the possibility of both an 
increase and a decrease in  the  level of polyphenol content. 
The authors stated that an increase in total polyphenols could 
be attributed to the physiological response of plant organisms 
to infection and injuries resulting in the release of the afore-
mentioned substances. As a  result of  interactions between 
vegetables and environmental factors, several defense mecha-
nisms are activated that, in turn, lead to changes in the quality 
and/or changes in  their metabolism, as was reported by Ja-
hangir et al. [2009]. Throughout all processing operations, 
plants are forming signaling particles like salicylic or jasmonic 
acid, which directly or indirectly activate metabolic paths. Fi-
nally, this affects the formation of chemical substances such 
as carbohydrates (saccharose, glucose), amino acids, phe-
nolic substances, and glucosinolates. According to İncedayi 
& Suna [2012], in specially pre-treated fl orets of caulifl ower 
packed in  (1) 20% atmospheric air + 80% N2 and  (2) 20% 
atmospheric air + 70% N2 + 10% CO2 conditions with BOPP, 
the  total polyphenol content has decreased after 15  days 
of storage at 4°C. The losses of these compounds were deter-
mined as 7.56%.

Chassagne-Berces et al. [2010] also noted that long-last-
ing storage of  raw materials enhanced the processes of en-
zymatic or chemical oxidation of polyphenolic compounds, 
and the extent of such changes depended on the raw material 
or parameters such as temperature, pH, water activity, time, 
and oxygen content of the medium itself. Nicoli et al. [1999] 
explain the phenomenon of elevated antioxidant activity af-
ter longer freezing time by an increased capability of partially 
oxidized polyphenols to bind free radicals that are induced 
by their elevated ability to release hydrogen atom in a hydrox-
yl group bonded to the aromatic ring or by increased possibili-
ties of the aromatic ring to keep unpaired electrons through 
their deposition in a π shell.

Antioxidant activity
Losses in the antioxidant activity observed due to blanch-

ing were 5% and were statistically insignifi cant (p>0.05) com-
pared to the raw vegetable (Table 1). After 1-, 2-, and 3-month 
frozen storage, changes found in  the  antioxidant activity 
in the caulifl ower stored both in OPS packages and PE-LD 
packages were statistically insignifi cant (p>0.05) compared 
to the blanched vegetable (Table 3). As was proved for vita-
min C content and total polyphenols, the type of the package 
applied had no signifi cant effect (p>0.05) on the antioxidant 
activity in the frozen-stored vegetable.

The  highest antioxidant activity was determined in  this 
study for the fresh caulifl ower (9.8 μmol Trolox/g fresh veg-
etable matter), and  this result concurs with the  result (9.9) 
obtained by Murcia et al. [2009]. However, fi ndings of Boivin 
et  al. [2009] indicate a  lower antioxidant activity in  cauli-
fl ower (4.8) compared to our results; in contrast to the value 
registered by  Sikora et  al. [2008], which was much higher 
(20.9 μmol Trolox/g fresh vegetable matter).

It was found in this work that blanching resulted in a 5% 
decrease in  the  antioxidant activity compared to the  raw 
vegetable. According to Ahmed & Ali [2013], a methanolic 
extract of fresh caulifl ower had the highest antioxidant activ-
ity (68.9%) followed by  the extracts of blanched caulifl ower 
(68.9% and 61.8%, respectively). Amin et al. [2006] claim that 
less intense processes, such as blanching, can lead to a reduc-
tion in the antioxidant activity by even 50%. As for the cauli-

TABLE 3. Content of vitamin C, total polyphenols and antioxidant activity of frozen caulifl ower.

Storage time

Vitamin C 
(mg/100 g d.m.)

Total polyphenols 
(mg CGA/100 g d.m.)

Antioxidant activity 
(μmol Trolox/g d.m.)

Type of packaging Type of packaging Type of packaging

Zipper bags
(PE-LD)
x±SD1

Boxes 
(OPS)
x±SD1

Zipper bags 
(PE-LD)
x±SD1

Boxes 
(OPS)
x±SD1

Zipper bags 
(PE-LD)
x±SD1

Boxes 
(OPS)
x±SD1

24-hours 453.3±76.9a 211.5±1.6bc 772.1±12.5e 804.4±6.6cde 97.8±4.1a 94.2±0.7ab

1 month 369.7±48.3a 192.5±13.4bc 775.5±7.5de 817.9±22.9bcd 90.1±1.8b 95.3±1.3ab

2 months 330.8±58.4ab 167.8±62.0c 846.7±10.8abc 859.3±12.5cde 104.0±3.0ab 98.5±0.3a

3 months 161.1±32.1c 103.4±19.9c 863.7±22.4a 852.0±8.1abc 98.4±1.3ab 97.0±1.4a

Mean value for packaging 359.1±126.3A 231.1±145.3A 822.7±45.1A 837.8±25.0A 97.2±5.0A 96.2±1.7A

Means in columns with different superscript letters in common differ signifi cantly (p0.05). 1Values are presented as mean value ± standard deviation 
(n=3).
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fl ower examined, this decline was much smaller. On the con-
trary, Gębczyński & Kmiecik [2007] proved a 13%decrease 
in the antioxidant activity due to blanching. Such a reduction 
may be explained by the total polyphenols being leached with 
water during blanching since they affect the antioxidant activ-
ity that was mentioned earlier.

With regard to the vegetables stored in both types of packag-
es, a mean fi nal decrease in the level of antioxidant activity was 
3%. According to Murcia et al. [2009], 24-hour freezing caused 
a decrease in  the antioxidant activity by 0.6%. In  the present 
work, such an increase was observed after the second and third 
month of storage in OPS and PE-LD packages, respectively, 
compared to the blanched vegetables, while in the case of veg-
etables stored in PE-LD packages it came already due to freez-
ing itself. In Volden et al. [2009] study, during frozen storage, 
signifi cant declines of 15–16% were found for the white cul-
tivars of caulifl ower at 12 months compared to the blanched 
samples. Leja et al. [2006], who examined white cabbage, also 
recorded an increase in free radical scavenging ability; however, 
this increase exceeded the value determined in the raw mate-
rial. In İncedayi & Suna’s [2012] paper, specially in pre-treated 
fl orets of caulifl ower packed under modifi ed atmosphere con-
ditions with BOPP, the antioxidant activity was lower by about 
17.4% after 15 days of  storage at 4°C. According to Murcia 
et  al. [2009], 25  vegetables, among other caulifl ower, were 
used to evaluate their antioxidant activity. The studied cauli-
fl ower was able to scavenge lipoperoxyl and hydroxyl radicals 
and  presented a  good total antioxidant capacity determined 
with the TEAC assay. After 7 days of storage in a home refrig-
erator, the analyzed caulifl ower was characterized by the same 
antioxidant activity as the fresh sample.

Starzyńska et al. [2003] revealed an increase in free radi-
cal scavenging in  the  broccoli stored at room temperature 
and did not observe any changes in this parameter through-
out storage at low temperatures. Both high and  low tem-
perature can induce oxidative changes in the plant material. 
Furthermore, the  same group of  researchers registered an 
increase in the enzymatic activity of enzymes such as super-
oxide dismutase, catalase, or peroxidase in the frozen stored 
broccoli. Sikora et al. [2008] claim that such an increase may 
be the consequence of infection or injury of the experimental 
material, in which an oxidative stress occurs.

CONCLUSION

The thermal treatment applied resulted in changes in dry 
mass, vitamin C, total polyphenol content, and antioxidant 
activity in the material examined. The leaching of constituents 
during blanching reduced dry mass content by 7%, vitamin 
C by 9%, total polyphenols by 10%, and antioxidant activity 
by 5%, compared to the fresh vegetable. After 3 months of fro-
zen storage, changes in these indicators examined in products 
packed in PE-LD and OPS packages were as follows: – 5% 
and 6.5% decline in dry mass; 69% and 80% decline in vita-
min C; – 3% increase and 7.9% decline in total polyphenols, 
as well as 5% and 10% increase in the antioxidant potential.

Statistical analysis proved that the type of package had no 
signifi cant effect on the levels of the aforementioned constitu-
ents and antioxidant activity in the frozen stored caulifl ower.

RESEARCH FUNDING

The  research was fi nanced by  the University of Agricul-
ture in Krakow (Project no. BM-4722/KŻCZ/2012) and was 
targeted to young researchers and students of doctoral degree 
to subsidize their research or support development and  re-
lated tasks. 

CONFLICT OF INTEREST

Authors declare no confl ict of interest.

REFERENCES

1. Abushita A.A., Daood H.G., Biacs P.A., Changes in carotenoids 
and  antioxidant vitamins in  tomato as a  function of  varietal 
and  technologicals factors. J.  Agric. Food Chem., 2000, 48, 
2075–2081.

2. Ahmed F.A., Ali R.F., Bioactive compounds and antioxidant ac-
tivity of fresh and processed white caulifl ower. Biomed. Res Int., 
2013, 367819, 1–9.

3. Amin I., Norazaidah Y., Hainida K.I., Antioxidant activity 
and phenolic content of raw and blanched Amaranthus species. 
Food Chem., 2006, 94, 47–52.

4. Avato P., Argentieri M.P., Brassicaceae: a rich source of health im-
proving phytochemicals. Phytochem. Rev., 2015, 14, 1019–1033.

5. Bhandari S.R., Kwak, J.H., Chemical composition and antioxi-
dant activity in  different tissues of Brassica vegetables. Mole-
cules, 2015, 20, 1228–1243.

6. Boivin D., Lamy S., Dufour S.L., Jackson J., Beaulieu E., Cote 
M., Moghrabi A., Barrette S., Gingra S.D., Béliveau R., Anti-
proliferative and  antioxidant activities of  common vegetables: 
A comparative study. Food Chem., 2009, 112, 374–380.

7. Chassagne-Berces S., Fonseca F., Citeau M., Marin M., Freezing 
protocol effect on quality properties of fruit tissue according to 
the fruit, the variety and the stage of maturity. LWT – Food Sci. 
Technol., 2010, 43, 1441–1449.

8. Filipiak-Florkiewicz A., Effect of  hydrothermal treatment on 
selected health-promoting properties of caulifl ower (Brassica ol-
eracea var. Botrytis L.). Scientifi c Papers of the University of Ag-
riculture in Krakow 347, 2011 (in Polish).

9. Florkiewicz A., Filipiak-Florkiewicz A., Topolska K., Cieślik 
E., Kostogrys R.B., The  effect of  technological processing on 
the chemical composition of caulifl ower. Ital. J. Food Sci., 2014, 
26, 275–281.

10. Franke A.A., Custer L.J., Arakaki C., Murphy S.P., Vitamin C 
and fl avonoid levels of  fruits and vegetables consumed in Ha-
waii. J. Food Comp. Anal., 2004, 17, 1–35.

11. Fuentes F., Paredes-Gonzalez X., Kong A.-N.T., Dietary glu-
cosinolates sulforaphane, phenethyl isothiocyanate, indole-
3-carbinol/3,3’-diindolylmethane: Anti-oxidative stress/in-
fl ammation, Nrf2, epigenetics/epigenomics and  in  vivo cancer 
chemopreventive effi cacy. Curr. Pharmac. Rep., 2015, 1, 179–196.

12. Gębczyński P., Kmiecik W., Effects of  traditional and modifi ed 
technology, in the production of frozen caulifl ower, on the con-
tents of selected antioxidative compounds. Food Chem., 2007, 
1, 229–235.

13. Häkkinen S.H., Törrönen A.R., Content of  fl avonols and  se-
lected phenolic in strawberries and Vaccinium species: infl uence 



J. Kapusta-Duch et al. 217

of cultivar, cultivation site and technique. Food Res. Int., 2000, 
33, 517–524.

14. Hussein Z., Caleb O.J., Opara U.L., Perforation-mediated modi-
fi ed atmosphere packaging of  fresh and minimally processed 
produce—A review. Food Pack. Shelf Life. 2015, 6, 7–20.

15. İncedayi B., Suna S., Effects of modifi ed atmosphere packaging 
on the quality of minimally processed caulifl ower. Acta Aliment., 
2012, 41, 401–413.

16. Jahangir M., Kim H.K., Choi Y.H., Verpoorte R., Health-af-
fecting compounds in Brassicaceae. Comp. Rev. Food Sci. Food 
Safety, 2009, 8, 31–43.

17. Kapusta-Duch J., Kusznierewicz B., Leszczyńska T., Borczak 
B., Effect of cooking on the contents of glucosinolates and their 
degradation products in  selected Brassica vegetables. J. Funct. 
Foods, 2016, 23, 412–422.

18. Leja M., Mareczek A., Adamus A., Strzetelski P., Combi M., 
Some antioxidative properties of  selected white cabbage HD 
lines. Folia Hortic., 2006, 18, 31–40.

19. Leja M., Mareczek A., Starzyńska A., Rożek S., Antioxidant 
ability of broccoli fl ower buds during short-term storage. Food 
Chem., 2001, 72, 219–222.

20. Lisiewska Z., Kmiecik W., Effects of  level of nitrogen fertilizer, 
processing conditions and period of storage of  frozen broccoli 
and caulifl ower on vitamin C retention. Food Chem., 1996, 57, 
267–270.

21. Mazzeo T., N’Dri D., Chiavaro E., Visconti A., Fogliano V., Pel-
legrini N., Effect of  two cooking procedures on phytochemical 
compounds, total antioxidant capacity and  colour of  selected 
frozen vegetables. Food Chem., 2011, 128, 627–633.

22. Murcia M.A., Jiménez A.M., Martínez-Tomé M., Vegetables 
antioxidant losses during industrial processing and refrigerated 
storage. Food Res. Int., 2009, 42, 1046–1052.

23. Nicoli M.C., Anese M., Parpinel M., Infl uence of processing on 
the antioxidant properties of  fruit and vegetables. Trends Food 
Sci. Technol., 1999, 10, 94–100.

24. Pellegrini N., Del Rio D., Colombi B., Bianchi M., Brighenti 
F., Application of  the  2’2 azobis (3-ethylenebenzothiazoline-
6-sulfonic acid) radical cation assay to fl ow injection system for 
the evaluation of antioxidant activity of some pure compounds 
and beverages. J. Agric. Food Chem., 2003, 51, 260–264.

25. Peñas E., Martínez-Villaluenga C., Pihlava J.-M., Frias J., Evalu-
ation of refrigerated storage in nitrogen-enriched atmospheres on 
the microbial quality, content of bioactive compounds and anti-
oxidant activity of sauerkrauts. LWT – Food Sci. Technol., 2015, 
61, 463–470.

26. Picchi V., Migliori C., Scalzo R.L., Campanelli G., Ferrari V., Di 
Cesare L.F., Phytochemical content in organic and convention-
ally grown Italian caulifl ower. Food Chem., 2012, 130, 501–509.

27. Podsędek A., Natural antioxidants and  antioxidant capacity 
of Brassica vegetables. A  review. Food Sci. Technol., 2007, 40, 
1–11.

28. Polish Standard. 1998. PN-A-04019:1998. Polish Committee for 
Standardization. Food products – Determination of vitamin C 
(in Polish). 

29. Polish Standard. 1990. PN-90/A-75101/03. Polish Committee 
for Standardization. Fruit and vegetable products. Preparation 
of samples for physico-chemical studies. Determination of dry 
matter content by gravimetric method (in Polish).

30. Re R., Pellegrini N., Proteggente A., Pannala A., Yang M., Rice-
-Evans C., Antioxidant activity applying an improved ABTS radi-
cal cation decolorization assay. Free Radic. Biol. Medic., 1999, 
26, 1231–1237.

31. Scalzo R.L., Genna A., Branca F., Chedin M., Chassaigne H., 
Anthocyanin composition of  caulifl ower (Brassica oleracea L. 
var. botrytis) and cabbage (B. oleracea L. var. capitata) and  its 
stability in  relation to thermal treatments. Food Chem., 2008, 
107, 136–144.

32. Scalzo R.L., Bianchi G., Genna A., Summa C., Antioxidant 
properties and  lipidic profi le as quality indexes of  caulifl ower 
(Brassica oleracea L. var. botrytis) in  relation to harvest time. 
Food Chem., 2007, 100, 1019–1025.

33. Sikora E., Cieślik E., Leszczyńska T., Filipiak-Florkiewicz A., 
Pisulewski P.M., The antioxidant activity of selected cruciferous 
vegetables subjected to aquathermal processing. Food Chem., 
2008, 107, 55–59.

34. Starzyńska A., Leja M., Mareczek A., Soluble phenols content 
and peroxidase activity in broccoli heads during short term stor-
age. Veg. Crops Res. Bull., 2001, 54, 175–178.

35. Starzyńska A., Leja M., Mareczek A., Physiological changes 
in the antioxidant system of broccoli fl ower buds senescing dur-
ing short-term storage, related to temperature and packing. Plant 
Sci., 2003, 165, 1387–1395.

36. Swain T., Hillis W.E., The phenolic constituents of Prunus domes-
ticus (L.) the quantity of analysis of phenolic constituents. J. Sci. 
Food Agric., 1959, 10, 63–68. 

37. Van Ooijen I., Fransen M.L., Verlegh P.W.J., Smit E.G., Atypical 
food packaging affects the persuasive impact of product claims. 
Food Qual. Prefer., 2016, 48, 33–40.

38. Volden J., Bengtsson B.G., Wicklund T., Glucosinolates, L-
-ascorbic acid, total phenols, anthocyanins, antioxidant capaci-
ties and colour in caulifl ower (Brassica oleracea L. ssp. Botrytis); 
effect of  long-term freezer storage. Food Chem., 2009, 112, 
967–976.

Submitted: 1 February 2016. Revised: 6 April and 11 April 2016. 
Accepted: 20 April 2016. Published on-line: 21 November 2016.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


