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Spinach is in the professional and general public considered highly nutritious vegetable with many beneficial effects on human health. It
is a rich source of antioxidant active substances, especially chlorophyll, carotenoids, flavonoids and minerals especially zinc and copper.
This work studies the changes of chlorophyll and carotenoids that occur after mass production technology of freezing at -37 °C. Before
freezing was used blanching operation. In this work we used a variety Boeing, Boa, Beaver, Hudson and Chica. The highest content of

all monitored parameters are found in fresh leaves of sampled Hudson. We found that within the processing decreases chlorophyll in
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16.6%, 13.8% of chlorophyll b and carotenoids of 6.15%. This decrease was in all cases statistically significant.

INTRODUCTION

Chlorophylls and carotenoids are often commonly occurring pigments that give
color to many kinds of vegetables. Darker colors tend to mask the chlorophyll
carotenoid colors of pale color (Heaton er al, 1996). The presence of
ohlorophyll derivatives in vegetables is associated with their antioxidant and anti-
mutagenic effects (Ferruzzi and Blakeslee, 2007). Vegetables high in
chlorophyll are used in the prevention of coronary heart disease, certain cancers,
diabetes and cataract (Kitts, 1997). A similar protective effect against many
degenerative diseases also have carotenoids (Van Der Berg et al., 2000; Cinar,
2004). The most commonly are associated with a reduced risk of chronic eye
diseases, including cataracts and age-related macular degeneration (Johnson et
al., 2000).

Spinach is in the professional and general public considered highly nutritious
vegetable (Dehkharghanian et al., 2010). As reported by Singh et al. (2001)
Spinach in all is a rich source of antioxidant active substances, such as
carotenoids, flavonoids, chlorophyll and minerals particularly zinc and copper.
Kidmose et al. (2001) shows that lutein, B-carotene, violaxanthin and 9'-(Z)-
neoxanthin are the major carotenoids in fresh and processed spinach. Reif et al.
(2012) suggest that the synthesis of carotenoids lutein and B-carotene in spinach
is closely associated with the synthesis of chlorophyll and nitrogen uptake and
sulfur from the soil. O'Neill et al. (2001) reported that spinach with parsley
leaves belong to the major sources of lutein and B-carotene for the population in
many European countries.

Spinach is consumed in the form of fresh leaves or after partial cooking in the
form of frozen spinach purée. Frozen spinach purée is primarily used by the
majority of consumers. For compliance with proper storage conditions, has a long
shelf life and to consumer it is available throughout the year (Bergquist et al.,
2006). As reported by several authors (Pandrang and Laborde, 2004; Choe et
al., 2001; Bunea et al., 2008) even frozen spinach purée as well as fresh Spinach
leaves is a rich source of the carotenoid and chlorophyll. Carotenoids during
processing have higher stability than chlorophyll (Calve and Guillermo, 2008).
It is reported that the production of food operations such as mixing, chopping,
freezing, blanching and cooking, can release carotenoids from the food matrix,
thus increasing their usefulness in the body (Hedren et al., 2002). On the other
side, chlorophyll is very susceptible to degradation during processing and
storage. Mainly due to higher processing temperatures and acidic pH, takes place
as supplement of magnesium from the the chlorophyll molecule and loss of green
color. During storage in turn leads to intensive oxidation chlorophyll and
carotenoids (Puuponen-Pimia et al., 2003).
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The aim of this work was to monitor the content of chlorophyll a and 4 and total
carotenoids in leaves of Spinach and change in content of chlorophyll a,
chlorophyll 4 and carotenoiof the frozen spinach purée.

MATERIAL AND METHODS

In this work, we used five varieties of Spinach (Spinacia oleracea L.). Variety
Boeing and Hudson are the early spring varieties with short growing season,
characterized by resistance to bolting and flowering with dark extremely green
leaves. Variety Chica, Boa and Beaver have a longer growing season, are used
for the spring and autumn sowings, as well as the characteristic resistance to
bolting and flowering with extremely green leaves.

Samples of plant material were Spinach grown in Zeliezovce area. They were
harvested at optimum ripeness technology. At the stage of harvesting the crop
was fully engaged, balanced, without damaging pests. Plants had developed 7-8
true leaves of different sizes depending on the location and variety. The leaves
were vibrant, dark green color. The crop was harvested by single way harvester
and was subsequently transported to the processing plant. Leaves were analyzed
in the fresh state and after processing frozen spinach purée.

Spinach purée was produced in large-scale manufacturing enterprise. Leaves after
the collection and transport to the company were put on the revenue table,
followed by sorting, washing, sorting, blanching at 96 °C for 6 minutes, cutting,
straining, bottling and freezing in tunnel freezers at -37 °C. Storage of the final
product was at a temperature of -18 °C.

The total content of carotenoids were assessed by spectrofotometric device
Jenway UV-VIS according to the methodology STN 12136 - Determination of
total carotenoids and individual carotenoid fractions. Homogenized samples of
spinach and spinach purée are extracted in acetone and then carotenoids were
captured in the light petroleum solution. Carotenoids density of the solution was
measured at a wavelength of 445 nm. The content of chlorophyll @ and
chlorophyll 4 we determined according to the methodology Environmental
Sciences Section 150.1 ESS Chlorophyl spectrofotometric. Chlorophyll dyes are
extracted in acetone and then was measured the absorbance of acetone solution at
wavelengths between 664 nm and 649.5 nm.

The results were processed by the statistical program Statistica 8.0. Influence of
variety and processing of Spinach on carotenoids and chlorophyll content were
followed by one-and two-factor analysis of variance (ANOVA) and relative
differences between varieties and forms of spinach were tested with Fisher's LSD
test.
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RESULTS AND DISCUSSION

The values of chlorophyll a in samples spinach leaves ranged from 0.398 mg.g"
in a sample of spinach Boa from 0.596 mg.g"' in a sample of Hudson. The
content of chlorophyll a in samples decreased in the order of Hudson> Chica>
Beaver> Boeing> Boa (Figure 1). Chlorophyll b content in the samples decreased
in the order of Hudson> Chica> Beaver> Boeing> Boa (Figure 2).
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Figure 1 Comparison of marginal averages of chlorophyll @ in leaves of fresh
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Figure 2 Comparison of marginal averages of chlorophyll 5 in fresh spinach and
spinach purée

Andrejiova, Mendelova (2012) investigated the content of chlorophyll a, b in
samples of Spinach varieties Ballet F1, Bolero, Emilia, Matador, Monores, Orbita
F1, Rembour F1, F1 Rembrandt and Winterriesen from years 2011 and 2012.
Higher values were found in the year 2011, from 0.514 to over 0.636 mg.g’', the
values were slightly higher than we found in our work. In 2012, the chlorophyll a
content from 0.315 to 0.428 mg.g". As I mentioned pinach from the year 2011
the authors indicate chlorophyll 5 content from 0.923 to 1.142 mg.g™" The content
of chlorophyll b in Spinach year from the 2012 was 0.59 mg.g” in the Orbit F1
to 0.747 mg.g" in the a variety Monores, which are lower than the values we
found in our work. Larsen and Christensen (2005) show that high levels
chlorophyll in the parsley and cabbage in all kinds of vegetables. Kopsell et al.
(2003) found that chlorophyll a content in fresh spinach is 2.70 to 4.88 mg.g”" dry
weight, depending on the variety and the year of production. Chlorophyll a
content in our samples of spinach to a dry weight basis was from 4.144 mg.g"'
dry matter (Boeing) to 6.620 mg.g" dry matter (Hudson). Chlorophyll » was
7.369 mg.g”" dry matter (Boeing) to 11.708 mg.g" dry matter (Hudson).

The content of total carotenoids in samples of Spinach leaves ranged from 18.005
mg.100 g in the sample Boa to 37.734 mg.100 g in the sample Hudson. The
content of carotenoids in samples decreased in the order of Hudson> Beaver>
Chica> Boeing> Boa (Figure 3).
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Figure 3 Comparison of marginal averages of carotenoids content in fresh
spinach and spinach purée

The issue of evaluation of carotenoids content in the different genotypes of
spinach divided into groups by color also addressed Singh ef al (2001). They
found that the highest content of carotenoids was in spinach with dark green
foliage, an average of 22.63 mg.100 g’ of fresh matter. The lowest number of
genotypes were analyzed in the the lightest green leaves and an average of 17.66
mg.100 g'. These values correspond well with our findings in samples Boa,
Boeing and Chica. In samples Beaver and Hudson, we analyzed above values of
carotenoids. The authors investigated the content of carotenoids in these kinds of
spinach genotypes and found that the content of B-carotene, lutein and neoxantinu
was significantly highest in the dark green genotypes.

Bunea et al. (2008) analyzed the content of total carotenoids in leaves of Spinach
by gas chromatography and spectrophotometry. By spectrophotometric
method carotenoid content was found in the fresh samples of 11.9 mg.100
¢! and by HPLC method it was 12.7 mg.100 g. For the analysis of samples
was used the same plant material. The authors also observed content of
carotenoids and found that in the most spinach is lutein (52.0 mg.100 g, B-
carotene (31.5 mg.100 g"), violaxantine (26.6 mg.100 g") and neoxantine (15.3
mg.100 g ™).

Two-factor analysis of variance, we clearly confirmed the influence of varieties
on the contents of all endpoints. Testing Fisher's LSD test (p <0.05) we have in
the case of chlorophyll a and chlorophyll b just found out their differences in
copper pursued in all varieties with the exception of the varieties Boeing and
Beaver. When evaluating the differences in the content of carotenoids with
Fisher's LSD test (p <0.05) we found statistically significant differences between
all assessed varieties (Table 1).

Table 1 The average values of chlorophyll a, b and of carotenoids in leaves of
Spinach based on Fisher's LSD test

Variety | chlorophyll @ (mg.g” | chlorophyll b (mg.g" | carotenoids (mg.100
) ) gh

boa 0.39a 0.71a 20.43a

chica 0.41b 0.74b 20.54b

boeing | 0.42¢ 0.77¢ 23.64c

beaver | 0.42¢ 0.76¢ 29.30d

hudson | 0.49d 0.87d 32.84¢
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means indicated by the same letter are insignificantly different at p<0.05

The most common product of canning Spinach is frozen spinach purée. The key
measures of the quality of the product in addition to hygiene and safety, high
nutritional value also good sensory properties. Sensory properties of the emphasis
placed primarily on the desired intense dark green color, which is proportionally
dependent on the content of chlorophyll (Lisiewska, et al., 2004; Ferrante et al.,
2004).

The content of chlorophyll a and frozen spinach puree of our samples ranged
from 0.327 mg.g”" following 0.443 mg.g". The highest content was measured in a
variety Boeing and lowest in variety Chica (Figure 1). Chlorophyll b content in
the samples was 0.604 mg.g” to 0.816 mg.g” (Figure 2). The highest content just
had a variety of Boeing and lowest in variety Chica. The content of chlorophyll a
was higher than chlorophyll b, as in the case of fresh samples. This finding is
consistent with the work of Kidmose et al. (2001), which followed the contents
of carotenoids, chlorophyll and flavonoids in samples of frozen spinach.
Carotenoid content in our samples of frozen spinach puree ranged from 19.968
mg.100 g in the sample of Chica to 28.007 mg.100 g in the sample of Hudson.
The content of carotenoids in samples decreased in the order of Hudson>
Boeing> Beaver> Boa> Chica (Figure 3).

One aim of the study was to monitor changes in the content of chlorophyll a and
chlorophyll b following large-scale treatment freezer. As reported by Heaton et
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al. (1996) Chlorophyll is very susceptible to degradation during processing and
storage, the intensity of decomposition depends on many factors including the
temperature of processing, the change in pH of the medium, the processing time,
the impact of enzymes, oxygen and light.

We found that after the freezing, the mean decrease in chlorophyll a was in
16.6% and a decrease in chlorophyll 5 was in 13.78%. The decline occurred in all
varieties with the exception of the variety Boeing, in which we found that after
the blanching there was increase in chlorophyll.

Statistical processing of the data obtained on the content of chlorophyll a and
chlorophyll » in Spinach leaves and spinach puree by two-factor analysis of
variance, we found statistically significant effect forms of Spinach, fresh leaves
and frozen purée on the contents of chlorophyll a and also chlorophyll 5 (Table
2).

Table 2 The average values of chlorophyll a, b and of carotenoids in leaves of
Spinach and spinach purée based on Fisher's LSD test

Form chlorophyll a chlorophyll b (mg.g" | carotenoids (mg.100 g’
(mg.g") ) )

Leaves 0.47a 0.84a 27.21a

purée 0.38b 0.70b 24.29b

means indicated by the same letter are insignificantly different at p<0.05

Bahceci ef al. (2005) indicate that the processing of blanching vegetables may
disable particular enzymes that break phytochemicals depending on the duration
and temperature used. However, during blanching may occur also undesirable
discoloration, altered taste, texture and nutritional quality.

Choe et al. (2001) found that the rapid and gentle spinach blanching in an
aqueous solution for 2 minutes may result in increase in chlorophyll content in
spinach by an average of 8%. The authors attribute this increase in chlorophyll
release of bonds after the thermal denaturation of the protein components of dry
matter, which is bound to chlorophyll. The authors further state that the increase
in blanching for 20 minutes or more may cause degradation of chlorophyll by up
to more than half of the initial quantity. Inappropriate as a method of blanching
before freezing as regards the stability of chlorophyll stated blanching identified
by autoclaving at 121 °C, when there was a decrease of up to 62%.

Our findings of small losses of chlorophyll after the freezing in most of the
samples correspond to the the findings of Jaworska and Kmiecik (2000) and
Jaworska et al. (2001), who point out that technically flawless freezing Spinach
and also New Zealand Spinach does not cause significant analytical and free eye
observable loss of chlorophyll.

Changes in chlorophyll content during freezing and in other vegetables were also
addressed by other authors. Kidmose and Kaack (1999) observed changes in the
asparagus, Korus (2012) in the kohlrabi and sprouts. Even these authors came to
the same conclusion that freezing is a method of processing very friendly to the
maintenance of chlorophyll. Lisiewska et al. (2004) state that for preservation of
chlorophyll and carotenoids during refrigerated storage positively affect the
proper way of blanching vegetables before freezing. In their work they monitor
changes in chlorophyll content in the dill fragrant during refrigerated storage. In
blanching sample detected chlorophyll loss during storage of frozen product only
4-9%.

After blanching and freezing in our samples was preserved in average 94,85% of
total carotenoids. The decline was recorded in content of the samples Chica,
Hudson and Beaver. An increase was observed in samples Boa and Boeing. As is
well known carotenoids are relatively stable due to the heat treatment and on the
other hand sensitive to oxidation with oxygen.

Statistical processing of the data obtained the carotenoid content in fresh leaves
of Spinach and frozen spinach puree by two-factor analysis of variance, we found
statistically significant effect of forms of Spinach, ie Fresh leaves and frozen
purée on contents of carotenoids. Fisher's LSD test similarly to the chlorophylls
found that fresh Spinach leaves have a statistically significantly higher content of
total carotenoids (Table 2).

As reported by Kim et al. (2003) carotenoids are in comparison to chlorophyll
more stable after the heat treatment. Choe et al. (2001) investigated and
compared the changes in the content of the most important colors of spinach after
the freezing and after the blanching in different ways. The most appropriate way
of blanching with regard to preservation of the carotenoid selected blanching in
an autoclave at 121 °C, when in the samples was preserved to 8.48% B-carotene
and lutein 97.45%. To preserve chlorophyll, this method was determined to be
the least appropriate. As at least appropriate method of heat treatment prior to
freezing to maintain B-carotene authors identified blanching in hot steam for 5
minutes when there was a decrease in fB-carotene 58.2%. High losses authors
ascribe to the effect of severe oxidative action of steam, which is used for heat
treatment.

Korus (2012) found that after the freezing of cabbage vegetables there are
changes in the content of total carotenoids by an average of 10-11%. Dutta et al.
(2005) point out, however, that the loss of the carotenoid usually does not occur
during manufacturing, freezing and freezer storage, but just in wrong time of
slow defrosting before final processing of culinary vegetables, spinach not
excepting.
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Changes in cartenoid content in spinach leaves during cold storage were followed
by Pandrang and Laborde (2004) and they found that storage at 10 °C for 6
days, results in degradation of the carotenoid up to 50%. In this respect, we can
thus clearly identify the production of purée and freezing as a more appropriate
method for extend of the shelf life of spinach.

CONCLUSION

Spinach is one of the most nutritionally important species of leafy vegetables.
The bulk of the production of spinach leaves are processed by freezing for
spinach purée. The aim of this work was to identify changes in the content of
chlorophyll @ and chlorophyll 5 and total carotenoids in the samples of five
varieties of Spinach. Spinach was grown in Zeliezovce and was treated by
freezing at -37 °C after the previous blanching. In this work, we found the highest
content of all monitored components (chlorophyll a, chlorophyll b, total
carotenoids) in variety Hudson. During processing comes to decomposition and
subsequent decrease in chlorophyll content. The average decrease in chlorophyll
a was 16.6% and 13.8% of chlorophyll 5. The decline we recorded in all varieties
with the exception of the variety Boeing. In this work we have also detected a
decrease in the content of carotenoids, an average of 6.15% compared to fresh
samples. The decrease was found in varieties Chica, Hudson and Beaver. An
increase was observed in the samples of Boa and Boeing.
Acknowledgments: This study was supported by KEGA Cultural and
Educational Grant Agency no. 024SPU-4/2013.
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