Jocaiosiceno enaue pisnux euoie mensiooi 06poé-
Ku (Gnanwyeanns, o6podKa naporo, eapinns) Ha
cmynins pylinyeants xaopodinie é arpyci ma pegei.
Bcmanogneno emicm xnopogpinie y arpyci ma pege-
Hi 3anexcHo 6i0 cmynens noopionenns. Busnaueno
enaue cmabinisyrouux odobasox (MgSO, MgCl,
Ca(Cl,, KCl) na nepemeopenns xnopoginie i 3miny
KOJIbOpY peeerto ma arpycy

Kmouogi caosa: pocaunna cuposuna, mexwoJo-
2iuna 06podKa, Korvoponapamempiumi xapaxmepu-
cmuku, cmadinizayis nizmenmie

Hccaedosano eausnue pasmuunvix 61006 menjo-
6oil obpabomxu (6nanwmuposanue, odopadomra
napom, eéapxa) na cmenenv papyuleHus Xa0podu-
J1a 8 KPbljicosHUKe U peeHe. Yemanoeieno cooepiica-
Hue X10poPuUNN0s 8 KPblCOGHUKE U Pesete 8 3a6U-
cumocmu om cmenenu ux usmenvuenus. Onpeoeneno
enusHue cmadunusupyrowux odoodasox (MgSO,,
MgCl,, CaCl,, KCl) na npeobpasosatue xaopogu-
J106 U U3MeHeHUe UBeMA PeBeHs U KPbINCOBHUKA

Kmouesvie cnoea: mexnonozuneckas oopatom-
Ka, ueemogovle Xapaxmepucmuxu, CmaduauU3auus
nuzmenmos

1. Introduction

Production of “healthy” food is extremely important
and is the focus of constant attention from a broad range of
professionals involved in the development of modern tech-
nologies for manufacturing food products and determining
the criteria of quality. Development and a substantial
increase in food production based on plant raw materials,
which is rich in natural functional ingredients (carot-
enoids, vitamin C, bioflavonoids, food fibers, mineral ele-
ments), is an important task. Rhubarb and gooseberry are
the cheap raw materials grown in Ukraine possessing a
valuable set of biologically active substances. These raw
materials, however, are hardly used in processing indus-
try. The reason is the lack of industrial technologies for
processing rhubarb and gooseberry, which would make it
possible to keep the pigment complex of raw materials and
to obtain food products with high quality.

Natural color of these raw materials is predetermined,
first of all, by the content of such coloring substances as
chlorophylls. These compounds are very valuable due to
their antioxidant, antimutagenic and antimicrobial prop-
erties. Interest in these compounds can be explained by the
fact that they ensure necessary activity of the antioxidant
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system. This universal regulating system of the human
organism controls the level of the free-radical oxidation
reactions and prevents the accumulation of toxic substanc-
es. Nevertheless, chlorophylls are known to be very labial.

It is known that such factors as the type of heat treat-
ment, the degree of shredding, the influence of stabilizing
additives on the pigment complex of rhubarb and gooseber-
ry substantially alter the natural color of these raw mate-
rials due to the destruction of plant pigments. To prevent
the destruction of plant pigments and stabilize the color of
raw materials, scientists developed a large number of tech-
niques. Those methods, however, are not of the universal
character. There are also objective difficulties related to
determining the optimal amount of stabilizing additives
because known techniques for preventing destruction of
plant pigments and stabilizing the color of raw materials
do not take into consideration specific features in the tech-
nological processing of raw materials.

Therefore, it is the important and relevant task to
study the processes that lead to changing the color-form-
ing substances during processing, as well as to identify
techniques to stabilize the color, as these transformations
affect the formation of quality and consumer properties of
the product.




2. Literature review and problem statement

The results of previous studies [1, 2] allowed us to estab-
lish qualitative and quantitative composition of the pigment
complex of berries of gooseberry and stalks of rhubarb.
Analysis revealed that the basic color-forming components
are chlorophylls whose total content for different varieties
of thubarb is (3.7...4.5)-10° %, for berries of gooseberry, it is
(3.5..4.7)10° %.

The vast majority of studies that address chlorophyll
deal mainly with the problems of photosynthesis.

Paper [3], for example, reports the study into composi-
tion and interactions between compounds of two light-har-
vesting complexes of Amphidinium carterae. It was estab-
lished that in both complexes the quenching of triplet states
of chlorophyll by carotenoids occurs with a very high effi-
ciency (100 %), with the transfer time estimated to be about
0.1 ns or even less. The presence of two different carotenoid
triplets makes it possible to effectively protect a photosyn-
thetic apparatus from photoinjuries.

In paper [4], authors examined changes in the efficien-
cy of photosynthesis, due to salt stress, for two varieties
of lawns of perennial Lolium perenne L. After sowing,
in 8 weeks, NaCl in aqueous solution (0 M, 0.15 M, and
0.30 M) was added. The measurements were carried out in
0, 24, 48, 96, 144, 192, 240, 288 hours. The results allowed
the authors to identify different boundary parameters for
the photosynthetic efficiency of perennial varieties of grass
grown under conditions of salt stress. This helps select plants
with the higher potential efficiency of the photosynthesis
(vitality), which can be successfully employed for the roads
where salt is used.

The study of plants resistance to the impacts of chemical
agents is described in paper [5]. The authors reported results
of the effect of different concentrations of the insecticidal
preparation dimethoate on the photosynthetic activity and
intensity of growth of Cajanus cajan L. over 30 days. It was
established that the insecticide is very toxic for the plant
Cajanus cajan L. even at a very low concentration, if used
over a long time. Thus, the optimal dose of the insecticide for
agricultural practice was determined in the study.

Many papers focused on studying new preparatory and
technical methods for isolating the pigment and its deriva-
tives. Ultrasonic extraction, for example, was applied to ob-
tain chlorophyll compounds from biomass of the microalgae
Phormidium. It is proved that the extract of chlorophyll is
a powerful absorber of the peroxyl radical, which is almost
200 times more effective than a-tocopherol [6].

In order to obtain a stable food dye in the form of a zinc
complex with chlorophyll derivatives, the cellulose of spin-
ach was treated with 300 mg/1 of Zn?, followed by heating
at 110 °C for 15 minutes. The concentration of the zinc com-
plex increased at pH values of 7.0 or higher. Pretreatment
with an enzyme and extraction in ethanol resulted in an
increase in the yield of Zn-chlorophyll by 39 % [7].

In the scientific literature [8] it was also reported a
technique for manufacturing pastes from fresh nettle using
a method of mechano-chemical activation, which makes it
possible to increase the content of chlorophyll compared
with the method of maceration in alcohol paste by 11 %, in
oil paste by 31 %, in alcohol-oil paste by 14 %, and to reduce
duration of pastes preparation to 12...35 minutes.

Scientists proposed a technique for producing canned
food with green peas [9], in which NaCl, CaCl, or other wa-

ter-soluble organic edible calcium salt are used as additive,
which contributes to obtaining the darker coloring of peas
and prevents the loss of biologically active substances.

A study was conducted to investigate the mechanism of
degradation of chlorophyll when storing broccoli under mi-
crovacuum (MV). Following the thermal treatment, brocco-
li was stored under MV (70+5 kPa) and under atmospheric
pressure, at 3=1 °C, for 49 days. The results revealed that the
degradation of chlorophyll can be inhibited under condition
of storing under microvacuum (MV). The authors studied
the relationship between a chlorophyll content in broccoli
and color parameters (values a/b) in order to construct a
model for predicting the content of chlorophyll in broccoli.
This model is based on a change in the color parameters un-
der conditions of MV. Verification showed that the predic-
tion model can reflect changes in the content of chlorophyll
during storage, to provide a theoretical basis for subsequent
application of the technology of non-destructive control [10].

In [11], authors examined effect of microwave irradiation
(1,000 W over 340 s) and conventional heat treatment at
97 °C, over 30 s (pasteurization) on the content of carot-
enoids and chlorophylls in mash made from kiwi. The results
revealed a noticeable loss of chlorophyll (42-100 %) and
carotenoids (62-91 %). The authors also explored influence
of storage conditions (4, 10, 22 °C for a period to 63 days) on
the reduction of content of natural pigments. It was estab-
lished that the exposure to microwave irradiation preserves
the pigments better.

Therefore, in order to stabilize plant pigments and the col-
oration of raw materials, there were developed a large number
of techniques that make it possible to manufacture products
with high organoleptic indicators and nutritional value. For
example, to prevent the destruction of chlorophyll and to
stabilize coloration of the chlorophyll-containing raw mate-
rials, different additives are used: mineral compounds (salts),
organic acids, alkaline agents; known antioxidants such as ca-
rotenoids, tocopherols. Nevertheless, the universal method is
missing as the processes are sufficiently complex and ambigu-
ous in nature and depend both on the chemical composition of
a raw material and processing parameters. Hence, practically
each particular case requires specific approach.

Technologies of processing rhubarb and gooseberry in-
volve the following operations: cleaning, shredding, press-
ing, heat treatment (cooking, blanching, treatment with hot
steam, boiling).

Shredding the chlorophyll-containing raw materials to
a puree-like condition leads to a thorough mixing of the
components of chemical composition of plant raw materials.
This process results in breaking the bonds in pigment-pro-
tein-lipid complexes and in extracting free chlorophyll. The
released chlorophyll is rapidly destroyed due to the processes
of pheophytinization, which has a negative impact on the
coloration of food products.

It should be noted that the use of many substances is
very dangerous to human health. Some techniques are chal-
lenging technically and require re-equipment of production,
while efficiency of many techniques is questionable. Given
the above, it is a promising direction to search for new meth-
ods for stabilizing plant pigments during processing of fruits
and vegetables, which would be more effective and safe. In
addition, authors of the abovementioned papers describe
effectiveness of stabilization of the pigment complex only
by the quantitative content of pigments and by the visual
estimation of color. An objective assessment of color is lack-



ing. In this regard, it is impossible to provide a comparative
analysis of the proposed methods and to determine the most
efficient and universal. It is necessary to consider the possi-
bility to characterize a technique for stabilizing the color of
product using objective parameters: wavelength, brightness,
saturation, purity of tone, etc.

3. The aim and objectives of the study

The aim of present study was to determine special
features of the effect of heat treatment, the degree of
shredding and the type of stabilizing additives on the
transformation of chlorophylls and change in the col-
oration of rhubarb and gooseberry. This would make it
possible to determine optimal conditions for processing
in order to preserve chlorophylls and color of rhubarb and
gooseberry.

To accomplish the set aim, the following tasks have been
solved:

—to determine the effect of heat processing (blanch-
ing, treatment with steam, boiling for 10—60 s, boiling for
30-60s) on the extent of destruction of chlorophylls in
rhubarb and gooseberry;

— to determine the content of chlorophylls in rhubarb
and gooseberry depending on the degree of shredding the
samples;

— to determine the effect of stabilizing additives (MgSO,,
MgCl,, CaCl,, KCl) on the content of chlorophylls in the ex-
amined raw materials.

4. Materials and methods of research

The objects of research were berries of gooseberry of
the variety Malachite and petioles of rhubarb of the va-
riety Monarch. In order to determine a stabilizing effect
of different salts on the chlorophyll and color of rhubarb
and gooseberry, we used a 1 % solution of salts of MgSO,,
MgCl,, CaCl,, KCI. Rhubarb and gooseberry were shredded
to a puree-like condition, then we added salt in ratio 1:1; the
mixture was kept at room temperature for 30—60 s and then
blanched. Following the blanching, we determined the con-
tent of chlorophyll a and b, as well as the degree of destruc-
tion of pigments relative to the starting value.

More details on materials and methods of research are
given in [12].

5. Results of study of the content of chlorophyll
depending on the type of technological treatment

The results of impact of heat treatment on the color of rhu-
barb and gooseberry are given in Table 1. As the data indicate,
85.8+4.2 % of chlorophyll in rhubarb and 82.0+4.1 % of chlo-
rophyll in gooseberry are destroyed during boiling. Blanching
in water results in the loss of 76.2+3.8 % and 66.1+3.1 % of
chlorophyll in rhubarb and gooseberry, respectively.

After treatment with steam (boiling in steam-air mix-
ture at a temperature of 80..90°C), 72.4..78 % of the
starting content of chlorophyll are destroyed in rhubarb
and gooseberry. We determined by visual observation that
the color of samples of rhubarb and gooseberry changes
depending on the degree of destruction of chlorophyll: from
green to yellow with a dirty tint. The boiling employed in the
manufacture of products with high content of dry substances
(pastes, jams, jam, etc.) leads to almost total destruction of
chlorophyll both in samples of rhubarb and gooseberry.

Shredding (Fig. 1) of petioles of rhubarb into pieces of
varying lengths (15, 20, 25, 30 mm) and puree-like crush-
ing of gooseberries reduce the content of chlorophyll. The
content of chlorophyll in the berries of gooseberry prior to
heat treatment (control) was 3.11-10 %, after blanching —
0.1-10® %, it decreased in rhubarb from 3.85-10 % (control)
to 0.55...1.16-10 % depending on the degree of shredding.

4 1

Content of chlorophyll, 10 %

0
Rhubarb

Fig. 1. Chlorophyll content depending on the degree of
shredding the samples (after thermal treatment): Rhubarb:
1 — starting raw material, 2 — puree-like shredding, 3 — 15 mm,
4—20mm, 5— 25 mm, 6 — 30 mm; Gooseberry: 1 — starting
raw material, 2 — puree-like shredding, 3 — whole berries

Gooseberry

Table 1

Effect of heat treatment on the content of chlorophyll in petioles of rhubarb of the variety Monarch (pH=2.14) and berries of
gooseberry of the variety Malachite (pH=2.35), and on color (S=0.05, n=5, p=0.95)

. Rhubarb Gooseberry
Type of heat — - . - . - -
treatment Content of Destruction in % of| Visual estimation Content of Destruction in % of| Visual estima-
chlorophyll, 10° % | the starting value of color chlorophyll, 10 % | the starting value | tion of color
Raw material
(prior to treatment) 4.51 - green 3.89 - green
Blanching, yellow with a yellow with a
80..85°C 107 760 greenish shade 1.32 66.0 greenish shade
Steam treatment, .

80..90 °C 1.01 78.0 light-yellow 1.07 72.0 yellow
Boiling, 10-60 s 0.64 86.0 yellow 0.70 82.0 yellow
Boiling, 30-60 s 0.12 98.0 yellowish-brown 0.10 97.0 dark

yellow-brown




As the data obtained indicate (Fig. 2, 3), from 78.2 to
87.5 % of chlorophyll a and 63..65 % of chlorophyll b are

destroyed in control samples of rhubarb and gooseberry.

Adding a salt of MgCl, exerts the greatest effect on
the stabilization of chlorophyll. In this case, the degree of
destruction of chlorophyll @ in rhubarb and gooseberry is

33.0...44.2 %, of chlorophyll b — 22.7..37.4 %.

Degree of destruction, %

20

Based on the results of conducted research, we selected,
for the stabilization of chlorophylls in rhubarb and goose-
berry, potassium chloride and magnesium chloride as the
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Fig. 2. Effect of additives on the destruction of
chlorophyll in rhubarb: C — control (without additives),

1 — chlorophyll @, 2 — chlorophyll b

Degree of destruction, %
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substances that have the same anion in order to avoid substi-
tution reaction between salts.
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Fig. 3. Effect of additives on the destruction of
chlorophyll in gooseberry: C — control (without additives),
1 — chlorophyll a, 2 — chlorophyll b

MgSO4

KCl1

CaCl,

To determine the optimal conditions for treating plant
raw materials, taking into consideration results of the re-
search conducted, we performed a multi-factor experiment.
The concentrations of MgCl and KCI salts, the degree of
shredding (rhubarb), duration and temperature of the treat-

Impact of the treatment parameters of rhubarb on its color-parametric characteristics

ment were chosen as variables. The criterion of treatment
efficiency was the color characteristics of samples.
Estimated color characteristics are given in Table 2, 3.

Table 2

Treatment parameters

Color-parametric characteristics

No. of Samples Concentra- |Concentration| Dimen- | Treatment ’II‘;Z?E Dominant Color Brishtness Visual esti-
entry tion of MgCl,| of KC1in sions of |duration, 1, duration. | Wave: purity %, o mate of color
in solution, % | solution, % | pieces, mm min. ‘°C "| length, A, P% e
Control,
1 |rhubarb (raw - - - - - 574 585 423 Green
material)
2 0.25 2 20%20 10 20 575 56.8 41.7 Green
3 0.25 2 20%20 20 20 574 59.9 42.6 Green
4 0.25 2 20%20 30 20 575 63.9 43.2 Green
5 0.25 2 20%20 40 20 574 56.1 41.7 Green
6 0.05 2 20%20 30 20 574 59.8 42.5 Green
7 0.15 2 20%20 30 20 576 58.8 41.9 Green
8 0.25 2 20%20 30 20 575 63.9 43.2 Green
9 0.35 2 20%20 30 20 578 57.7 411 green-
yellowish
10 0.25 0.5 20x20 30 20 578 47.8 39.4 green-
yellowish
11 | Treated rhu- 0.25 1 20%20 30 20 577 56.9 41.3 Green
12 |barb (aged in 0.25 2 20x20 30 20 575 63.9 43.2 Green
solution) green-
13 0.25 3 20%20 30 20 578 59.1 41.4 .
yellowish
14 0.25 2 10x10 30 20 578 53.2 40.5 Green
15 0.25 2 20%20 30 20 575 63.9 43.2 Green
16 0.25 2 30%30 30 20 576 60.2 421 Green
17 0.25 2 40%40 30 20 575 58.3 419 Green
18 0.25 2 20%20 30 20 575 63.9 43.2 Green
19 0.25 2 20%20 30 40 585 405 458 | Yellow witha
greenish shade
20 0.25 2 20%20 30 60 588 419 84.6 Yellow
21 0.25 2 20%20 30 90 613 34.1 56.5 Yellow-
brownish




Table 3

Impact of the treatment parameters of gooseberry on its color-parametric characteristics

Treatment parameters Color-parametric characteristics
No. of Concentration | Concentration | Treatment | Treatment . Color . Visual estimate
Sampl . “
entry ampies of MgCl,in of KC1 in duration, [temperature, ,Domlir:jdni purity Brl?h(t)/ness of color
solution, % solution, % T, min. t,°C waveguide, Ay, P, % e
Control,
1 gooseberry - - - - 575 42 41.0 Green
(raw material)
2 0.25 2 10 20 574 53 43.0 Light-Green
3 0.25 2 20 20 574 53 43.0 Light-Green
4 0.25 2 30 20 575 41 40.7 Green
5 0.25 2 40 20 571 46 421 Green
6 0.05 2 30 20 578 45 40.7 Green-yellow
7 0.15 2 30 20 575 46 421 Green
8 " 0.25 2 30 20 575 41 40.7 Green
g | Treated goose- 035 2 30 20 571 32 40.7 Green
berry (aged in
10 solution) 0.25 0.5 30 20 583 41 39.5 Green-yellow
11 0.25 1 30 20 576 40 40.2 Green
12 0.25 2 30 20 575 41 421 Green
13 0.25 3 30 20 574 57 43.0 Light-Green
14 0.25 2 30 40 583 43 565 | Yellowwitha
green shade

15 0.25 2 30 60 585 42 73.5 Yellow
16 0.25 2 30 90 620 28 62.0 Yellow-brownish

The obtained results allow us to state the following. Du-
ration of treatment only slightly affects color characteristics
of rhubarb and gooseberry. Thus, the wavelength ranges
from 571 to 575 nm, color purity of rhubarb is 56.1-63.9 %,
of gooseberry — 41-53 %, brightness is 41.7-43.2 % (rhu-
barb) and 40.7-43.0 (gooseberry). Visually, all samples are
of green color.

6. Discussion of results of studying effect of different
kinds of technological treatment on preservation of
chlorophylls in rhubarb and gooseberry

When manufacturing products from plant raw materials
whose pigment complex contains mostly chlorophylls, the
color, due to the destruction of natural pigments, typically
turns, under the influence of various factors, from green to
yellow-brown, which adversely affects consumer choice.

Results of the impact of different types of heat treatment
on the color of rhubarb and gooseberry revealed that various
types of heat treatment affect destruction of chlorophylls
and accumulation of the products of their degradation in
different ways, gradual changing the color from bright green
to olive green to yellow-brown. The resulting product com-
pletely loses its original color after a certain time. Results of
the studies conducted allowed us to establish that the appli-
cation of blanching leads to a minimum degree of destruction
of chlorophyll and color in the petioles of rhubarb and berries
of gooseberry compared with other types of heat treatment.

Examining the influence of the degree of shredding of
raw materials allowed us to establish that the optimal size of
rhubarb pieces is 20...25 mm, which makes it possible to de-
crease chlorophyll destruction by 1.5...2 times in comparison
with other samples. Shredding larger than 30 mm requires
longer duration of thermal treatment owing to the fibrous
structure of thubarb petioles.

If we compare the stabilizing effect of MgCl, and MgSO,
salts, it is almost the same for the samples of rhubarb and
the samples of gooseberry. Minimum stabilizing effect was
demonstrated by salts of calcium chloride and potassium.
The degree of destruction of chlorophyll a in the samples of
rhubarb reaches 57.0 and 68.6 %, in the samples of goose-
berry — 51.1 and 57.8 % for salts of calcium chloride and
potassium, respectively.

It was also found that the nature of anion does not im-
pact significantly the content of chlorophylls in the samples
with the same cation (MgCl,, MgSO,). The concentration of
potassium chloride does not considerably affect the change
in color-parametric characteristics. However, combined use
of MgCl, and KClI salts in a solution produces synergy. It
is most pronounced, first of all, in the samples of rhubarb.
This is probably due to the microstructure of petioles whose
fibrous structure increases specific surface to enable the
intermembrane osmotic diffusion of MgCl, and KCl salts to
the cell, as well as by the larger ion permeability of K', CI.

Dense shell of gooseberries prevents active course of the
specified processes, which is why effectiveness of the protec-
tive effect of these additives is lower not only relative to the
chlorophylls, but to the color as well.

Temperature is an important factor in the treatment of
both petioles of rhubarb and gooseberries. Temperatures be-
low 20 °C reduce effectiveness of the treatment, because, in
this case, the rate of diffusion processes reduces. An increase
in the temperature of the solution above +30 °C leads to
changes in color characteristics.

The multi-factor experiment performed allowed us to deter-
mine a dependence of the color parameters of raw materials on
the concentration of MgCl, and KCl salts, the degree of shred-
ding (rhubarb), duration and temperature of the treatment.

The study we performed also revealed that a certain pro-
tective effect of additives is observed not only relative to the
chlorophylls, but also to the carotenoid complex and vitamin C.



Results of the conducted experiments allowed us to estab-
lish parameters for the treatment of rhubarb and gooseberry
in order to preserve chlorophylls (a+b) in the product. For the
petioles of rhubarb, the size of 20 mm, and the whole gooseber-
ries, the optimal parameters are aging in a stabilizing mixture
(0.25 % solution of magnesium chloride and 2 % of potassium
chloride) over 30 minutes at a temperature of 20 °C.

Determining the parameters makes it possible to ensure
improved consumer properties of rhubarb and gooseberry
through maximal preservation of physiologically active sub-
stances and the original color of raw materials. This renders
an increased level of competitiveness to new products.

Present work is part of the comprehensive research into
assessment of the quality of chlorophyll-containing plant
raw materials. We plan to conduct similar experiments with
other varieties and hybrids of gooseberry and rhubarb, as
well as other pomological varieties of fruits and vegetables.

7. Conclusions

1.1t was established that technological treatment im-
pacts objective color-parametric characteristics of fruits and
vegetables, specifically, deviations in values of the dominant

wavelength, purity of color, and brightness, from the value
for the untreated samples. The determined color characteris-
tics allowed us to establish that the red component of the col-
or of samples increases considerably during heat treatment,
while the green component of the raw material decreases.
The indicator “purity of color” characterizes green color
of the raw materials. Yellow shade in the color of samples
appears during blanching and hot steam treatment. Yellow
color appears in samples during boiling; brown shade in the
yellow color of samples — during prolonged boiling.

2.1t was established that the application of blanching
leads to a minimum degree of the destruction of chlorophyll
and color in the petioles of rhubarb and gooseberries com-
pared with other types of heat treatment. The experimental
study allowed us to determine the degree of rhubarb shred-
ding into pieces the size of 20...25 mm; optimal for gooseber-
ry is the processing of whole berries.

3. We determined conditions for processing plant raw
materials with a stabilizing mixture that contains a solution
of 0.25 % magnesium chloride and 2 % potassium chloride,
for 30 minutes at a temperature of 20 °C. The obtained color
characteristics of the raw materials treated using a given
technique are at the level of color characteristics of control,
testifying to the effectiveness of the designed technique.
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