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ABSTRACT

Background. In stored freeze-dried orange carrots, carotenoids are not stable compounds. The aim of the
work was to evaluate the stability of carotenoids in products obtained from polyphenol-rich purple carrots

which additionally contain anthocyanins.

Material and methods. This study compares the effect of air-drying and freeze-drying as well as 6-month
storage on the content of carotenoids, anthocyanins and total phenolics in dried products obtained from pur-

ple carrot.

Results. The phenolic compounds found in the greatest amounts in carrot were ferulic acid cyanidin 3-xy-
losylglucosylgalactoside, p-coumaric acid cyanidin 3-xylosylglucosylgalactoside, chlorogenic acid, and
caffeic-quinic acid. Freeze-drying did not significantly reduce levels of carotenoids and anthocyanin content,
while air-drying led to substantial losses of carotenoids, anthocyanins and polyphenols. 6-month storage of
freeze-dried products caused losses of carotenoids, anthocyanins and total polyphenols of 42%, 33% and
53% respectively when compared with the raw material. In air-dried products, the losses were 66%, 33% and

36%, respectively.

Conclusion. The results indicate that the combined effect of freeze-drying and 6-month storage was reduced
losses of carotenoids compared to traditionally dried products.
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INTRODUCTION

Carrots (Daucus carota L.) are an important source of
carotenoids in the human diet (Desobry et al., 1998).
According to the literature, total carotenoids in carrots
range from 0 to 480 mg-kg"' depending on the root
colour (white, yellow, orange, or purple) and the culti-
var (Baranski et al., 2012; Mech-Nowak et al., 2012).
Due to their highly unsaturated structure, carotenoids
are susceptible to oxidation. Their degradation is

affected by the presence of oxygen, exposure to light,
high temperatures, fragmentation of the raw material
and the activity of oxidative enzymes (van den Berg
et al., 2000). The extent of losses depends on both
the method of processing and the storage conditions
(Alasalvar et al., 2005; Desobry et al., 1998; Pinheiro
Sant’Ana et al., 1998; Tang and Chen, 2000; Yen et
al., 2008). Purple carrots also contain anthocyanins in
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the range of 15-1687 mg-kg™! (Algarra et al., 2014;
Assous et al., 2014; Leja et al., 2013; Li et al., 2012;
Montilla et al., 2011). The findings of Arscott et al.
(2010) suggest that the presence of anthocyanins does
not reduce the assimilation of carrot-derived carote-
noids. Akhtar et al. (2017) also pay attention to a wide
array of flavonoids occurring in black carrots, which
may play a beneficial role in reducing degenerative
diseases. However, according to Charron et al. (2009),
the bioavailability of anthocyanins in purple carrots is
reduced since they occur mainly in acylated form. In
turn, Karkute et al. (2018) suggest that anthocyanins
derived from black carrots may have a beneficial ef-
fect on the control of diabetes. Kumar et al. (2018)
observed that black carrot anthocyanins, when added
to plum, pomegranate, strawberry and jamun juices,
acted as a color enhancer and thermal stabiliser, which
the authors explain by co-pigmentation.

The stability of anthocyanins is also significantly
affected by such factors as changes in pH, increased
temperature, enzyme activity, vitamin C and the pres-
ence of oxygen (De Pascual-Teresa and Sanchez-Ball-
esta, 2008).

Drying is one of the methods used to process carrots
and can take the form of either air-drying or freeze-
-drying. Generally, the latter results in better quality
retention than the former. Air-drying causes not only
substantial shrinkage of the material and large losses of
flavour, but also a reduction in heat-labile components,
depending on the drying temperature. Freeze-drying al-
lows much better retention of shape and colour, rehydra-
tion capacity, and retention of heat-labile components.
Although the freeze-drying process itself does not sig-
nificantly reduce carotenoid content in carrots, consider-
able losses of these compounds occur during the storage
of freeze-dried products (Desobry et al., 1998; Macura,
2009); 2- and 4-month storage can lead to losses of up to
60% and 90% respectively, which may cause problems
in the production of concentrates obtained from freeze-
dried products (Macura, 2009).

Due to their antioxidant properties, the anthocya-
nins and high levels of polyphenol compounds in pur-
ple carrots may affect the stability of carotenoids in
stored freeze-dried products. Therefore, the aim of this
study was to evaluate the effect of freeze-drying and
air-drying and subsequent storage on the stability of
carotenoids and anthocyanins in purple carrots.
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MATERIAL AND METHODS

Carrot roots (Daucus carota ssp. sativus var. atroru-
bens Alef.) were supplied by a local producer. The
variety, intended both for the fresh market and for pro-
cessing, was characterized by a dark purple color.

The raw material was washed, boiled at 100°C for
15 min and then peeled, sliced (5 mm) and dried. The
purpose of boiling was to stabilise the anthocyanins
in the raw material. The conventionally dried prod-
uct was air-dried at 45°C for 24 hours. The freeze-
-drying process was initiated by freezing the material
to —23°C, followed by freeze-drying in a Labor MIM
OE-950 freeze-dryer (Budapest, Hungary) at a shelf
temperature of 35°C for 24 h. After drying, the carrots
were packed into glass jars and stored for 6 months
at room temperature without exposure to light. Analy-
ses were performed on the fresh raw material, and on
dried products 24 hours after drying and every month
throughout the period of storage.

Extraction of anthocyanins and total phenolics
Extracts for determining total phenolic content and
total anthocyanin content were obtained by three-
fold extraction using a mixture of ethanol and water
(60:40 v/v) containing 0.01% HCI. Extracts derived
from dried products were obtained after rehydration to
moisture levels similar to those in fresh carrots.

Total phenolic content

Total phenolic content was determined according to
Singleton and Rossi (1965) using the Folin-Ciocalteau
reagent. Measurements were performed at 750 nm us-
ing a Cecil CE 9500 spectrophotometer (Cecil Instru-
ments, Cambridge, England). Results were expressed
as gallic acid equivalents (mg-kg™! of dry matter).

Determination of total anthocyanins

Total anthocyanin content was determined spectro-
photometrically using the differential pH method (Lee
et al., 2005) modified by Kidon and Czapski (2008).
The modification was introduced due to the high pro-
portion of acylated anthocyanins in the raw material.
The extracts were diluted with pH 1 (KCl and HCI
buffer) and pH 6 (Mcllvaine phosphate buffer). Ab-
sorbance measurements were taken at wavelengths of
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520 and 700 nm. Results were expressed as cyanidin-
-3-glucoside (mg-kg! of dry matter).

Identification of phenolic compounds

The profile analysis of phenolic components was per-
formed using an ACQUITY Ultra Performance LC
system (UPLC) with binary solvent manager, UPLC
BEH C18 column, DAD detector (Waters Corpora-
tion, Milford, MA, USA) and mass detector G2 Q/TOF
micro mass spectrometer (Waters, Manchester, U.K.).
The unprocessed raw material was frozen (—40°C) and
stored in this form until the moment of analysis. After
comminuting, the samples were extracted with 40%
methanol in water acidified with 4.5% formic acid.
Extraction was carried out twice. 10 pL of the result-
ing extract was then injected into the column. Con-
ditions of the separation of compounds were set and
maintained according to Oszmianski et al. (2013) and
results were obtained by comparing the results of the
DAD measuring spectra with standards.

Carotenoids

The content of carotenoids was determined by high
performance liquid chromatography (HPLC) using
a LaChrom chromatograph (Merck-Hitachi) equipped
with a L-7450 diode array detector, a L-7100 gradient
pump, a L-7250 autosampler and a D7000 interface.
Separations were carried out on a LiChrosphere 100
RP-18 column (5 pm; 250 X 4 mm; Merck Darmstadt
Germany). The column temperature was maintained
at 30°C. Mobile phases consisted of methanol/ace-
tonitryle (9:1 v/v), acetone and 1M ammonium ac-
etate. Extraction of samples and separations at a flow
rate of 1 mL/min in gradient manner were performed
according to Fiutak et al. (2019). Detection of carot-
enoids was conducted at 350-750 nm. The content
of carotenoids was evaluated on the basis of standard
curves.

Statistical analysis

Identification of phenolic compounds was done in du-
plicates, while other analyses were performed in trip-
licate. Results were expressed as mean +SD. The sig-
nificance of difference between means was determined
by one-way ANOVA and Tukey’s test at p < 0.05, us-
ing CSS Statistica software (StatSoft, Inc., USA).
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RESULTS AND DISCUSSION

Phenolic compounds

The components that attract attention are anthocya-
nins, which give the purple carrots their distinctive
colour. All major anthocyanins contain cyanidin as
an aglycon (Schwarz et al., 2004). Anthocyanin con-
tent in the raw material measured by the pH differen-
tial method was very high, at 1399 mg-kg™' of fresh
weight (9027 mg-kg! d.m.). While freeze-drying
did not affect anthocyanin content, air-drying led to
significant losses (Fig. 1). Up to the third month of
storage, anthocyanin content in freeze-dried carrots
was considerably higher than in the air-dried product;
thereafter, levels in both products were very similar.
After storage, the retention was about 67% of initial
values. Table 1 shows the separation of phenolic com-
pounds in the raw material, the freeze-dried product,
and air-dried product. In each case, total anthocyanins
were significantly greater when determined by HPLC
than when using the pH differential method. A similar
phenomenon was reported by Lee et al. (2008). The
authors cited observed a high correlation (R > 0.925)
between anthocyanin content in various raw materials
determined by the HPLC method and the pH differen-
tial method, pointing out that the latter was a simple,
rapid, and good alternative.

In the present work, losses of both anthocyanins
and total phenolic compounds were considerably
higher in the air-dried product than in freeze-dried car-
rots (Table 1; Fig. 1, 2). Individual anthocyanins are
listed in Table 1, showing ferulic acid cyanidin 3-xylo-
sylglucosylgalactoside as the most abundant, which is
consistent with the findings of Algarra et al. (2014) for
the black carrot cultivar, Antonina. The authors found
that cyanidin 3-xylosylglucosylgalactoside, cyanidin
3-xylosylgalactoside and sinapic, ferulic and coumaric
acids derived of cyanidin 3-xylosylglucosylgalacto-
side are the main anthocyanins in the cultivars Antoni-
na and Purple Haze. However, there were differences
in the proportions of anthocyanins between the two
cultivars. Furthermore, anthocyanins comprised 25%
of total phenolic content in Purple Haze and 50% in
Antonina; the latter value is similar to the result ob-
tained in the present work. Smeriglio et al. (2018) also
reported that, of the substances determined by the au-
thors in the polyphenolic profile of crude black carrot
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Fig. 1. Effect of drying and subsequent 6-month storage on anthocyanin content in air-
-dried and freeze-dried purple carrot: raw mat. — unprocessed raw material; time 0 — mate-
rial 24 h after processing. Mean values relating to the same series, denoted with different
letters are significantly different (p < 0.05)

Table 1. Phenolic compounds in fresh raw material and in air- and freeze-dried product 24 h after processing, mg-kg™' dry

matter

Constituents

Fresh raw material

Air-dried product

Freeze-dried product

Cyanidin 3-xylosylglucosyl-galactoside 2779 +44.2 1996 £8.8 2 843 £17.5
Cyanidin 3-xylosylgalactoside 1162 £18.3 430 +0.7 935+2.8
Sinapic acid cyanidin 3-xylosy-glucosylgalactoside 1402 +46.5 1043474 1123454
Ferulic acid cyanidin 3-xylosyl-glucosylgalactoside 23 656 £69.8 13 851 £70.7 19578 £1.5
p-Coumaric acid cyanidin 4 877 £63.0 3751 £22.6 5306+4.2
3-xylosyl-glucosylgalactoside

Total anthocyanins 33876 21071 29 785
Neochlorogenic acid 1 849 £27.8 1621 +0.7 1916 +1.2
Chlorogenic acid 16294 +£52.4 12 838 +£71.4 14 723 +£50.2
Cryptochlorogenic acid 1470+37.0 1 111+10.8 1393459
Caffeic-quinic acid 3672+6.8 2238+4.0 4034+2.8
Total 56 161 38 879 51851
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Fig. 2. Effect of drying and subsequent 6-month storage on total polyphenol content in air-
-dried and freeze-dried purple carrot: raw mat. — unprocessed raw material; time 0 — mate-
rial 24 h after processing. Mean values relating to the same series, denoted with different

letters are significantly different (p < 0.05)

extract, cyanidin 3-xylosyl(feruloyl-glucosyl)galacto-
side was found in the highest amounts, followed by
chlorogenic acid.

Total phenolic content in the fresh material was
39 765 mg-kg' d.m. and was similar to that reported
by Algarra et al. (2014). Changes of total phenolic
content in the stored material are given in Figure 2.
Freeze-drying resulted in reduced losses of these
components than conventional air-drying, and this
difference in favour of the freeze-dried product per-
sisted through the first month of storage. However,
as the storage period progressed, the retention of to-
tal phenolic compounds became distinctly higher in
the air-dried product. Several studies have found that
freeze-drying results in superior retention of phenolic
compounds than air-drying in a variety of dried and
stored fruits and vegetables (Korus, 2011; Michalczyk
et al., 2009; Tseng and Zhao, 2012). However, Tseng
and Zhao (2012) reported that losses during storage
were smallest in air-dried wine grape pomace and
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that the highest final content of phenolic compounds
in freeze-dried products was mainly due to the small
losses occurring during the freeze-drying process.

According to Schwarz et al. (2004) and the liter-
ature cited by those authors, chlorogenic acid is the
most abundant non-anthocyanin phenolic compound
in purple carrots. This was also found to be the case
in the present work, with caffeic-quinic acid being the
next most abundant (Table 1).

Carotenoids

The content of carotenoids in the fresh raw material
was 370.2 mg kg™ d.m., which is not particularly high
when compared with many varieties of orange carrot.
Nevertheless, some studies of purple carrot revealed
high carotenoid concentrations, for example, 200-230
mg-kg! fresh weight in the cultivar, Beta Sweet (Lee
et al., 2011). What stands out in the present work,
however, is the high proportion of lutein in total carot-
enoids (Fig. 3). The similar content of carotenoids and
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Fig. 3. Effect of drying and subsequent 6-month storage on carotenoid content in air-dried
and freeze-dried purple carrot: car A — alpha-carotene, car B — beta-carotene, Lut — lutein,
raw mat. — unprocessed raw material; time 0 — material 24 h after processing. Mean values
relating to the same series, denoted with different letters are significantly different (p <0.05)

high proportion of lutein in Deep Purple cultivar was
reported by Metzger and Barnes (2009). Traditional
air-drying reduced carotenoid content by 36.2%, while
freeze-drying actually resulted in a small increase
(0.7%), presumably due to improved extraction condi-
tions. During the first 3 months of storage, only slight
losses were recorded, particularly in the freeze-dried
product; between the 3rd and 6th months of storage,
carotenoid degradation accelerated. After 6 months
of storage, the carotenoid content in freeze- and air-
dried products was 57.8% and 34.2% respectively of
that found in the raw material. Negi and Roy (2001)
found that b-carotene content in blanched, air-dried
carrots stored for 6 months fell from an initial value
of 290 mg-kg' to 160-200 mg-kg™' dry weight, de-
pending on storage temperature and type of packag-
ing. Carotenoids in freeze-dried orange carrots are
highly unstable; Macura (2009) observed losses of
up to 90% after 4 months of storage. According to
Phanindra Kumar et al. (2001), the higher losses found
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in freeze-dried carrots and pumpkins after 6 months
of storage compared with those dried in hot air, are
due to their porous texture allowing access to oxygen
together with their low water activity. The work cited
reported carotenoid loss of about 70% in carrots dried
in hot air and stored for 6 months at 25°C. A similar
result was also recorded for traditionally dried purple
carrots (Fig. 3). Carotenoids in the freeze-dried prod-
ucts were much more stable; losses of about 40% after
6-months of storage may be regarded as relatively low.
Carotenoid loss in air-dried products occurred mainly
during the drying process, with subsequent losses dur-
ing storage being relatively small. In both types of
products, the stability of individual carotenoids was
different. In freeze-dried products, lutein was found to
be stable, while losses of o-carotene and B-carotene
were large. In conventionally dried products which
were stored for 6 months, losses in all examined carot-
enoids exceeded 50% compared to the raw carrot; the
smallest were observed in lutein content.

www.food.actapol.net/
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CONCLUSIONS

As was expected and in contrast to air-drying, the pro-
cess of freeze-drying resulted in fairly small changes in
the content of carotenoids and anthocyanins. However,
losses of total polyphenols were significant and simi-
lar in both products. After the 3™ month of storage, an-
thocyanin content was roughly equal in both products,
whereas the content of total polyphenols was lower
in the freeze-dried product. The greatest advantage of
freeze-drying over air-drying was in carotenoid con-
tent, which resulted mainly from smaller losses in the
drying process itself. Cumulative loss of carotenoids
during freeze-drying and 6-months of storage was
smaller than in air-drying and subsequent storage. The
6-month storage period led to similar percentage losses
of carotenoids in freeze-dried and in air-dried products.
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