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THE NEW ABOUT CAROTENOIDS DURING
THE REFRIGERATED PROCESSING OF CAROTENE-CONTAINING
VEGETABLES AND BERRIES WITH THE USE OF CRYO-
AND MECHANICAL DESTRUCTION

R. Pavlyuk, V. Pogarskaya, N. Timofeyeva, K. Balabai,
S. Loseva, A. Borysova

The method of refrigerated processing carotenoid herbal materials into
nanostructured frozen puree is developed. This process includes the use of complex
influence of cryogenic “shock” freezing and low-temperature grinding to raw
materials. It allows us to get a fine-dispersed additives with a record content of
carotenoids and other biologically active substances in a free form (2,5-3,5 times
more than it is liberated from the state bound with biopolymers by means of
traditional methods of extraction from plant raw material).

Keywords: cryogenic  freezing, carotenoids, carotene-containing
vegetables,  fine-dispersed  grinding, mechanoactivation,  cryodestruction,
hydrophilic carotenoid form.

HOBE ITPO KAPOTHHOIIH 1] YAC XOJIOANUJIBHOI
NEPEPOBKHW KAPOTUHOBMICHHUX OBOYIB TA AT
I3 BAKOPUCTAHHSAM KPIOMEXAHOJIECTPYKIIII

P.1O. I1aBawok, B.B. Ilorapcbka, H.M. TumodeeBa, K.C. banabaii,
C.M. JloceBa, A.O. Bopucosa

Po3pobaeno xonoounvhuil cnocid nepepodxu KapomuHOBMICHOI POCIUHHOT
CUPOBUHU 8 HAHOCMPYKNYPOBAHE 3AMOPOJICEHe Niope, AKUll GKIIOUAE BUKOPUCAHHS
KOMIJIEKCHO20 —~ 6NAUBY  HA  CUPOBUHY  NpOYeci8  KPIO2EHHO20 — «ULOKOBO20)
3aMOPOJCYBAHHSL A  HU3LKOMEMNEPAMYPHO20 NOOPIOHEHHs, W0  00380/SI0Mb
ompuMamu MOHKOOUCNEPCHi 000a6KU 3 PEKOPOHUM 6MICIOM KAPOMUHOioie ma iHuux
BAP y sinvuiti popmi (v 2,5...3,5 pasu Oinvute, Hixne USLILHAECMbCA i3 36'A3AH020 3
bionoaimepamu cmamny 3a ymMoeu SUKOPUCMAHHA MPAOUYIIHUX MemOoOi8 eKCmparyii 3
POCTUHHOT CUPOBUHLL).

Knwuoei  cnoea:  xpioceHnme  3aMOpOIAICYBAHHS, Kapomuuoiou,
KAPOMUHOBMICHI 0804, MOHKOOUCNEPCHe NOOPIOHEHHs,  MeXaHOAKMueayis,
Kpiodecmpykyis, eiopogineha ¢hopma kapomunoiois.
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HOBOE O KAPOTUHOMJIAX TP XOJOAJIbHON
HEPEPABOTKE KAPOTHUHOCO/IEPKAIIIMX OBOIIEHN U SATOJT
C HCITIOJIb30BAHUEM KPUOMEXAHOJECTPYKIIUA

P.10. ITaBawk, B.B. Ilorapckas, H.H. Tumodeena, E.C. banaoai,
C.M. JloceBa, A.A. Bopucosa

Paspaboman xonoounvHwiii cnocobd nepepabomxu KapomuHoCo0epiIcaue2o
PACmumensHo20  Cblpbsi 8  HAHOCMPYKMYPUPOBAHHOE — 3AMOPOACEHHOE  NIope,
KOMOpblll  GKIIOHACM  UCHOAb308AHUE KOMNIEKCHO20 6030€liCmeus Ha Cblpbe
npoyecco8 KPUO2EHHO20 (UWOKOBO20» 3AMOPAICUBAHUS U HUKOMEMNEPaAMmypPHO2O
UsMenbueHUs, NO3GONAIOWUX NOIYUUMb MOHKOOUCHEPCHble 000ABKU C PEKOPOHbIM
cooeparcanuem Kapomurouoos u opyeux bAB 6 ceoboonou gpopme (6 2,5...3,5 pasza
6onvue, uem 6b1C8060COACMCS U3 CEA3AHHO20 € OUONOIUMEPAMU COCMOSIHUSL NPU
UCRONB308AHUU MPAOUYUOHHBIX MENO0008 IKCIMPAKYUL U3 PACIMUMETLHO20 CHIPbL).

Kniouegvle cnosa: Kpuocennoe — 3aMOpAdCUBAHUE,  KAPOMUHOUOWL,
KapomuHcooepaicawue 080w, MOHKOOUCNEPCHOe U3MeNbUeHue, MeXaHOaKMuUeayus,
KpUoOecmpykyusi, 2UOPoPUibHAsL popMa KapomuHoOUoos.

Introduction. One of the most progressive methods of processing
and preserving fruit and berries in international practice is freezing, which
provides the most complete preservation of vitamins and other biologically
active substances. Approximately 350 million tonnes from all the world
food resources equal to nearly 4500 million tons are subjected to
refrigerated processing. The decisive factor determining the quality of
frozen foods is the freezing speed. The best characteristics of a shelf life and
a quality after heating are typical for fast-frozen foods [4].

Nowadays there are two technologies of fast freezing in the world
such as "shock" freezing (using the cold air’s draught) and cryogenic
"shock" freezing (using the liquified gas). The first of them is widely used
in food processing industry. The second one (cryogenic technology)
exceeds "shock" freezing using cold air flow. It provides super-fast freezing
of a product due to the direct influence of cryogen (cryogenic liquid) on
freezable food. Environmentally friendly liquefied nitrogen or carbon
dioxide can be used as cryogen [2; 5].

Despite the obvious advantages of cryogenic "shock” freezing compared
with a freezing by cold air flow such as ultra-fast freezing speed 3...10 times faster,
minimal moisture losses after heating 5...10 times less, the use of environmentally
safe natural (non-synthetic) cryogens. Nowadays neither in Ukraine nor in the CIS
countries cryogenic freezing has found a wide practical application in the food
industry. Now it is being experimentally developed. In the world practice the
improvement of the technology of manufacturing fast frozen products is directed
towards the transition from the technology of "shock™ freezing to the technology of
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cryogenic freezing. That is why the development of the fast freezing technology
based on the use of gaseous or liquid nitrogen as cryogen is actual.

Among the products from carotene-containing vegetables and berries a
special attention has to be paid to the convenience foods in the form of puree,
including the frozen foods, which can be administered into the various food
products (creams, jellies, desserts, sambucs, ice cream, cheese desserts and food
products for infants). They can be used as enrichers of natural carotenoids and
other biologically active substances which are simultaneously food coloring
agents, thickeners and structure-builders. In Ukraine there is a shortage of these
additives. That is why it is actual to develop cryotechnology of carotenoid
additives in the form of a frozen puree including carotene-containing vegetables
and berries (CCVB) with a high degree of carotenoids preservation, some of
which are in a hydrophilic form. The speed and the final freezing temperature are
the decisive factors determining the quality of frozen products.

There is almost no literature data concerning the effect of freezing
to carotenoids in carotene-containing vegetables and berries. They are
limited mainly by the statement of carotenoid losses in some freezing
modes and during the storage of frozen foods for some species of herbal
materials at low temperatures. Our task was to identify the influence
patterns and mechanisms of freezing (with slow and high speed during the
cryogenic "shock" freezing), and low-temperature grinding on the safety of
carotenoids and activation of its hydrophilic properties during the
processing of carotene-containing vegetables and berries.

Objects and research methods are technological processes of
refrigerated processing (low-temperature freezing and grinding) of
carotene-containing vegetables and berries during the preparation of frozen
herbal additives. In this research conventional physical-chemical, chemical,
spectroscopic methods and the methods of mathematical processing of
experimental data with the use of computer technologies were used. The
researches were carried out in a scientific-research laboratory of "Innovative
cryo- and nanotechnologies of herbal additives and healthful products" of
the Chair of the technology of fruits, vegetables and milk processing of
Kharkov State University of Food Technology and Trade.

Results and discussion. The influence of freezing with slow speed
(0,1, 0,2° C/min) to the temperature -18...-20° C and cryogenic "shock"
freezing with the speed 1, 2, 5, 10, 20, 30, 40, 50° C/min to the temperature -
32, -35, -40° C with the use of nitrogen gas on carotenoids of CCVB (carrot,
pumpkin, sweet pepper, sea buckthorn), and other biologically active
substances (L-ascorbic acid, low molecular phenolic compounds, tannins)
was studied. The cryogenic "shock" freezing was provided with the use of a
cryogenic software freezer, which was developed and produced jointly by the
National Aerospace University "KhAI" and Kharkov State University of Food
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Technology and Trade. Fine-dispersed grinding of the frozen CCVB was
carried out on the low-temperature chopper-activator (made in France).

We are the first in international practice who established the common
factors of carotenoid (CR) growth and transformation during the freezing at different
speed and fine low-temperature grinding of CCVB. It was shown that comparing
with raw materials (fresh CCVB) during freezing the quantitative increase of
carotenoid mass fraction (2,0...2,5 times) occurs, depending on freezing speed and
the form of CCVB (picture 1). It was found that at low temperature grinding and
delivery of cryopuree from CCVB allowed to obtain even greater (3...3,5 times)
mass fraction of carotenoids that depends on the type of CCVB [1; 3].
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Picture 1. The influence of low-temperature freezing and grinding of
carotene-containing vegetables and berries to carotenoids: 1 — raw (fresh)
carotene-containing vegetables and berries; 2, 3 — CCVB frozen at slow (2) speed
to -18...-20° C and at high (3) speed 10° C/min to -35° C; 4 — CCVB which were
frozen to -35° C after low-temperature grinding; a, b — fat-soluble (a) and soluble
(b) forms of CR; A — carrot, B — pumpkin, C — sweet pepper, D — sea buckthorn.

Mass fraction of carotenoids. ma in 100 a of

At the same time mass fraction of CR in a water-soluble form is
increasing. It means the activation of CR hydrophilic properties. The relation
between fat-soluble and water-soluble forms of carotenoids in the frozen
product is 1:1 (if the speed of freezing is slow) and 1:1,5...1,7 (in case of
cryogenic "shock" freezing and a low-temperature grinding).

The mechanism of increasing and transformation of carotenoids to
the hydrophilic form during freezing was discovered. In our opinion, it is the
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destruction of carotenoid complexes with biopolymers (proteins, cellulose,
pectins, starch) and the transition of some carotenoids from the bound form to
the free one due to the destruction of hydrogen bonds and weakening of
inductive interaction. Besides, both during freezing and heat processing
water-soluble CR forms can be formed due to the creation of complexes
between the CR and biopolymers (proteins, carbohydrates, etc.), phenolic
compounds and their fragments with hydrophilic properties [1; 5].

It is shown that frozen carotene-containing vegetables and berries,
by their quality, and content of carotenoids, exceed raw vegetables 2,0...2,5
times, but frozen fine dispersed cryopurees —3,0...3,5 times (Table).

Table
Comparative characteristics of quality of fresh
and frozen carotene-containing vegetables and berries
and fine dispersed cryopuree from them

Mass fraction of
henolic
L . cgmpounds 1|‘Iavor_10|
Product name -asc_orblc (for g ycosu?es icarotene,
acid, chlorogenic (for routine)| mg per
mg/100 g acid) mg per 100 | 100 g
mg/100 g g

Carrot 8,2 146,0 50,1 7,5
Frozen carrot (pieces) 12,5 196,0 74,2 14,6
Carrot cryopure 18,3 2422 104,8 20,8
Fresh pumpkin 5,0 88,1 43,1 8,0
Frozen pumpkin (pieces) 8,2 126,9 69,4 16,4
Pumpkin cryopure 11,2 177,2 92,0 28,8
Fresh sweet pepper 300,4 120,3 29,6 2,9
Frozen  sweet  pepper
(pieces) 450,2 175,2 42,1 5,6
Sweet pepper cryopure 753,8 207,5 53,3 9,7
Fresh sea buckthorn 201,5 640,0 92,2 25,0
Frozen sea  buckthorn
(berries) 300,4 860,2 142,3 48,2
Sea buckthorn cryopure 405,6 1289,2 198,2 70,0

Conclusions. As a result, the experimental data allowed us introduce
a new influence of freezing and low-temperature grinding processes during the
processing of herbal materials to carotenoids and activation of their hydrophilic
properties. The use of freezing and low temperature grinding during the
processing of carotene-containing materials leads to destruction of carotenoid
complexes with biopolymers, which is manifested in the increase of mass
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fraction of carotenoids (2,0...2,5 times depending on the speed of freezing and
3,0...3,5 times during the low temperature grinding), and also the activation of
the hydrophilic properties — transformation of a portion (50...70%) of
carotenoids into a water-soluble form. Such technological methods as cryogenic
"shock" freezing and fine-dispersed low temperature grinding during the
processing of CCVB was used in developing the technology of frozen
carotenoid semises — additives — colorings — enrichers with natural BAS and
carotenoids, half of which is in water-soluble form. Furthermore, new additives
can be used in the manufacture of various food products as natural structurants
and thickeners.

On the base of these results, the technology, technological schemes
and regulatory documentation for a frozen carotenoid additives were created
and approved at the Ministry of Health of Ukraine (TYY 10.3-01566330-
281:2013). The technologies and pilot scale batches of new additives and the
products with their use (JSC "Khladoprom” SPF "FIPAR" SPP "Cryas-1") were
approbated in a production environment.
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