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PRE-PROCESSING EFFICIENCY RAW MATERIALS
TO INCREASE PECTIN'S OUTPUT
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Annomayus. B cmamve paccmompen 6onee sxonozuinbiii cnocob npou3eoocmea NeKmuna no CPasHenuIo ¢ Kaaccuieckoil
KUCTIOMHOT CXeMOti, Komopas mpeGyem npumMeHeHUsi CUTbHbIX MUHEPATbHBIX KUCIOM U IMOKCUYHBIX PACIMEOPUINENEIL.

Mamepuane: u memoost, pezyiomamst U 06cycoeHUs. B evinonnennoii pabome ne UCHONL3VIOMCA CUTbHbIE MUHEPATb-
Hble KUCTIOMbL, 4IMO OONJCHO BbI3bI6AINL NAOEHUE BbIXO0A KOHEUHO20 NPOOYKIMA, OOHAKO COeNanbl RONIMKY HATMU MeMOoObl, YCmp a-
HAIOWUE MU NPENTMCMEU U NOBBICUMb 6bIX00 KOHeuHo20 npoodykma. Hecnedoeana 6o3mosicnocme yeenuienus 6b1x00a nEKmuna,
ROMYHEHHO20 ¢ NOMOUWBIO KUCTIOMHO20 2UOPOIU3A ¢ UCRONBb306AHUEM JTUMOHHOT KUCTIOMbI, 34 CHEmM NPUMEHEHUs NPeosapumeIbHo20
CBY-goz0eiicmeus na yumpycogoe cvipvé. llenv uccnedosanus cocmosana ¢ oyenxe ¢auanua CBU-obpabomku na cmaouu noozo-
THOBKU COIPBS — CYMKU U IKCHEPUMEHTNATILHOM ROOBOpe Napamempoe CyWKY ¢ COXPAneHUeM BbICOKUX KAUEeCMEEHHbIX NOKazameneil
nonyuaemMozo nexmuna. Buumanue yoeneno nomyuenuio ebicokoImMepudpuyuposannoco neKmuna, Komopbvlii WHpoKo UCHOTb3YEMCs 6
nuueeoil NPOMbIMIEHHOCIU 6 Kauecmee cmyoneobpazoeamens u 3azycmumeni. Ilpu npouszeoocmee nexmuna 603MOACHO UCHONL30-
eamv emopcuipve. Taxas nepepabomia omxo0068 He MOMLKO IKOHOMUHECKU CHUICAEM PACXOObl NPOU3800CNEA, HO U YIyHuLaem
IKONOSUHECKYIO CUMYAYUIO YIMUWIU3AYUL OMX00086. [l npou3600cmea Nexmuna 603MONICHO UCHONb308AMb OMX00bl COKOBOT Npo-
MbIULIEHHOCIIU.
B rauecmee coipva 6 ucciedosanuu ucnonws306amicy Guasedo u anvbeoo anenvbCunos, Copm KOMOpsix MUOUPYem ¢ Mupe no Konud e-
CIMEY UCRONMB306AHUS NPU NPOU36OOCIEE COKOBOI NpooyKkyuu. /[N nonyuenus nexmuna 6 OaHHot pabome UCRONb306aAC KUCTIOM-
Hotit Memoo. T'uoponuz nposodunca ¢ ucnonvb308anuem JUMOHHON Kuciomel ¢ mpu cmaouu. Ocaxcoenue NPogoOUIOCs IMUNOGHIM
cnupmom. Ilodeomoeka nexmunocooepiicanjezo coipvsi cnOCObBHA 6 ZHAYUINETLHOL Mepe NOGNUAMb HA KAYeCmeo NonyiaemMozo nex-
muna. B nacmosyee epemsa ona xpanenus u n0O20MOBKY K nepepabomre 6mopuino20 NUWEE020 Cbipbsi 2IAGHLIM 0OPA30M UCHONb-
3yiom Koneexmuenyio cywry. lpouszeedena oyenxa emusanusn pasnuunvix 61008 CYuK YHMpycoeo2o Coipbsi, NPUMEHAEMO20 Ol NP O-
uzeoocmea nexmuna. Cpagnuealomcs KauecmeeHnvle U KOMUUECMeenHble NOKA3AMeNU RONYHEHHO20 NEKMUNA, MAKUe KAK CIenetd
amepudurayu, MoneKyIApHAL Macca, cmyoneobpazoeane u 6vix00, O/IA CbIPbs, 6bICYUIEHHO20 KOHBEKIMUGHBIM MEIMOOOM U KOMOU-
HUPOBAHHBIM MemOOoM, covemarouium npeosapumensvuyio CBY-06pabomiry u 060yexy cyxum eozdyxom. Ilpedcmasnenvt xpuevie
CPasHUBAEMbIX MEMOO08 npedsapumenvhoii cyuwru. [lpoananusuposana ckopocme 6bIX00a REKMUHA NO CIRAOUAM 2UOPOTU3A 6 3a6U-
CUMOCIU OM PACCMAMPUBAEMbIX Memoooe cyuiku. Ilo0obpanvt onmumansivie MougHoCmubIe pedicumsl O npedsapumenvhoii CBY-
CYuKY Yumpycoeozo cuipes. Paccmompennwtii cnocob nonyuenus nexmuna ¢ ucnonvsoeanuem CBY-0b6pabomiu cvipvsa nossonsem
npU COXpanenun KauecmeeHHbix NOKa3ameneii ynpocmume Mmexuono2uio, NOBbICUING 6bIX00 U COKPAMUIMG He MONbKO 8PeMs CYUIK,
HO U RPOOOIIICUMENLHOCIG 2UOPOTU3A.

3axmouenue. Ionyuennvie oannvie npeocmasnaiom YeHHocms Ons pazpabomku Ui YcoeeputeHCIneo8an s MexHono2ui
NPOMBIULIEHHO20 MEM00a NPOU3600CINEA NEKIMUHA, UCHONL3YIOUE20 IKONOSUYECKUE CROCOObI IKCMPAKYuy 63 NPUMEHEHUSA CUTLHBIX
MUHEPATLHBIX KUCIOM, O/l Y8enUHeHUs 6bIX00a U KaUecmea nexmuna.

KiroueBnle cjioBa: IICKTHH, 5KOJIOTHYHBIH MCTO/M, CBq, KOHBCKTHUBHA CYIIKa, JUMOHHAs KUCJIOTA, KpuUBas CYIIKH.

Abstracts. The article discusses a more environmentally friendly method of pectin production compared to the classic acid
scheme, which requires the use of strong mineral acids and toxic solvents.

Materials and methods, results and discussions. In the work performed, strong mineral acids are not used, which should
cause a drop in the yield of the final product, however, attempts have been made to find methods that eliminate these obstacles and
increase the yield of the final product. The possibility of increasing the yield of pectin obtained by acid hydrolysis with the use of
citric acid through the use of preliminary microwave exposure to citrus raw materials has been investigated. The purpose of the
study was to assess the effect of microwave treatment at the stage of raw material preparation - drying and experimental selection of
drying parameters while maintaining high quality indicators of the obtained pectin. Attention is paid to obtaining highly esterified
pectin, which is widely used in the food industry as a gelling agent and thickener. It is possible to use recyclable materials in the
production of pectin. Such waste processing not only economically reduces production costs, but also improves the environmental
situation of waste disposal. For the production of pectin, it is possible to use waste from the juice industry. As raw materials in the
study, we used the oranges flavedo and albedo, the variety of which is the world's leader in the number of uses in the production of
Juice products. To obtain pectin, the acid method was used in this work. The hydrolysis was carried out using citric acid in three
stages. Precipitation was carried out with ethyl alcohol. The preparation of pectin-containing raw materials can significantly affect
the quality of the pectin obtained. Currently, convective drying is mainly used for storage and preparation for processing of second-
ary food raw materials. An assessment of the influence of various types of drying of citrus raw materials used for the production of
pectin has been made. The qualitative and quantitative indicators of the obtained pectin, such as the degree of esterification, molecu-
lar weight, gelation and yield, are compared for raw materials dried by the convection method and the combined method combining
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microwave pretreatment and dry air blowing. The curves of the compared predrying methods are presented. The rate of release of
pectin by stages of hydrolysis is analyzed depending on the considered drying methods. The optimal power modes for preliminary
microwave drying of citrus raw materials have been selected.

Conclusion. The considered method of obtaining pectin using microwave processing of raw materials allows, while main-
taining quality indicators, to simplify the technology, increase the yield and reduce not only the drying time, but also the duration of
hydrolysis. The data obtained are valuable for the development or improvement of the technology of an industrial method for the
production of pectin, using ecological methods of extraction without the use of strong mineral acids, to increase the yield and quality
of pectin.

Key words: pectin, environmentally friendly method, microwave, convective drying, citric acid, drying curve.

Introduction. At the present time, serious problems have arisen related to the increased environmentally unfa-
vorable load on the environment. Much attention is paid to waste processing. This is especially true in the food industry,
where waste can potentially be converted into more valuable products or raw materials for other industries.

During industrial production of orange juice, 40-60% of the orange is considered waste [1]. This waste can be
the raw material for the production of essential oils, flavonoids, pectin, and other important foods.

Convection drying is mainly used for storage and preparation for processing of secondary food raw materials.
In the process of drying, there is a chemical transformation of the components of pectin-containing raw materials, which
can significantly affect the quality of the pectin obtained [2]. During storage, it is subject to enzymatic, biochemical and
microbiological changes that lead to rapid deterioration. Thus, drying of raw materials is a necessary step in the produc-
tion of pectin. Although convective drying does not always have a beneficial effect on the quality of the pectin obtained,
at present, due to its simplicity and economy, it is the main method for preserving pectin-containing raw materials.

Since the beginning of the XXI century, studies of Russian and foreign scientists began to appear related to the
use of microwave drying for the needs of the food industry, since this type of drying involves a significantly shorter
drying time for Pekin-containing raw materials. And it's not only about saving time, but also about a different way of
supplying heat to the material, which can presumably affect the quality and quantity of the final product.

On the other hand, the production of pectin is associated with the use of harmful and hazardous components,
such as strong acids, alkalis and toxic solvents such as acetone, methanol, etc. Due to the large amount of hazardous
waste, not every enterprise can afford the classic technology of pectin production [6]. Recently, in the development of
pectin production technology, it is possible to identify a trend towards the development of environmentally friendly
production methods [7].

In the work performed, strong mineral acids are not used, which should cause a drop in the yield of the final prod-
uct, however, attempts have been made to find methods that eliminate these obstacles and increase the yield of pectin.

The aim of the study was to assess the effect of raw material pretreatment due to microwave exposure on the
pectin yield and to select the parameters of this effect.

Materials and methods. For the purposes of the study, we used a Valencia orange. This variety is the world's
leader in the number of uses in the production of juice products. Since it is advisable to consider the possibility of using
industrial waste to obtain pectin, the peel of the Valencia variety is considered the most relevant raw material.

The flavedo and albedo of the fruit were removed by hand and minced.

Raw materials were analyzed for moisture content by gravimetric method. For this, three samples were taken
from the mixed raw materials.

The moisture content of raw materials was determined by the formula:
M, — Mg
w=——"—"-1000
iy , (D

where m; — sample weight before drying, g
m,; — sample weight after drying, g.

Three samples of equal mass for drying in microwave and three samples for convective drying were isolated
from the total amount. The mass of each sample is 100 g.

Part of the fresh raw material was dried using convective drying, the other part - using microwave drying, and
the third part - using the combined method.

Drying was carried out to a final moisture content of the product of 10%. The moisture content of the dry
product was determined by the gravimetric method, similar to that described above.

Convective drying was carried out in a drying oven at a temperature of 70 ° C.

Microwave drying was carried out in a household microwave oven at different powers.

Combined drying consisted of an alternation of microwave exposure for 5 minutes with a 5-minute period of
blowing dry air.

Samples weighing 15 g were taken from each type of dry raw material and sent for hydrolysis.

The raw materials were washed in cold water (10 ° C) to remove water-soluble impurities.

Grinding was carried out in a screw grinder providing a particle size of less than 1 mm. The raw materials were
mixed.
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The acid method was used to obtain pectin. Hydrolysis was carried out using citric acid to achieve a pH value
of 2.5 at a temperature of 70 ° C, hydromodule 1:10. The hydrolysis was carried out in three stages, each stage lasted 60
minutes. The total hydrolysis time is 180 minutes.

Evaporation of pectin was carried out on a rotary evaporator with continuous stirring, t =70 ° C, P = 60mbar.

Precipitation was carried out with 96% ethyl alcohol. The precipitate was separated by filtration on a Buchner
funnel and washed with alcohol.

The resulting pectin was dried in an oven at a temperature of 50 ° C.

Pectin is divided into highly esterified, low esterified and low esterified amidated. Each type of pectin is used
for its own purposes under different conditions. The highest gelatinous ability is possessed by highly esterified pectin
with a degree of esterification of more than 50%.

The degree of esterification of the obtained pectin was determined by the titrometric method according to
GOST 29186-91. Pectin. Technical conditions.

The molecular weight was determined by a viscometric method using a VPZh-1 capillary glass viscometer.

The molecular weight was found using the Kuhn-Mark-Huwink formula:

[n] =k -M% )
where [1] — absolute viscosity of the solution,
M - molecular weight
k, a - coefficients depending on temperature and polymer-solvent system, here we take k=1,1-107, a=1,22 [2].

Gelling was determined organoleptically. For this analysis, jellies were prepared according to GOST 29186-91.
Pectin. Technical conditions.

Results and discussion. After preliminary selection at processing plants, the moisture content of fresh raw ma-
terials was 77%.

The raw material was crushed and dried in batches of 100 g on a silicone substrate. Average particle size
7x5x2 mm. For uniform heating, this is especially important for microwave exposure, it is necessary that the linear di-
mension in at least one direction does not exceed 2-5 mm [5}.

When selecting the power, the recommendations of other authors on the critical influence of high temperatures
during drying of raw materials on the quality of pectin were taken into account. In the case of drying raw materials us-
ing the microwave method without interruptions for blowing, the temperature of the raw materials reached 94 ° C,
which negatively affects the properties of the final product. In many works it is indicated that the temperature should
not exceed 70-80 ° C [2].

The literature describes a method of combined drying with alternating five-minute microwave exposure with a
five-minute air blow [3]. This method does not take into account the change in moisture content of the product during
drying. There is an increase in temperature at the beginning of the heating of raw materials and a drop in temperature as
the humidity decreases.

The optimal power value for microwave drying was determined, equal to 300 W. At a higher power (450 W or
more), the product began to burn, a lower value (180 W or less) unjustifiably lengthened the drying time.

Drying was carried out with alternating microwave exposure with air blowing. One cycle consisted of 2-4
minutes’ exposure to microwave and 4-minute air blowing. This method makes it possible to take full advantage of the
main advantage of microwave heating - high speed and to avoid uneven heating of individual sections of the processed
raw materials, since during cyclic heating it is possible to redistribute temperatures by thermal conductivity of the mate-
rial. Table 1 shows the average temperature on the surface of the raw material, measured at five points eight times for
each cycle. At the beginning of drying, with a large amount of free moisture, the energy of the microwave field is spent
mainly on the evaporation of moisture and partially on the compensation of heat into the environment, then the bound
moisture begins to evaporate, as well as endothermic processes associated with the chemical transformation of proteins,
carbohydrates and the destruction of the tissue of raw materials. ...

Table 1
Scheme of the combined drying method with alternating microwave energy supply and air blowing
Cycle number Drying time, minutes Duration, minutes Impact Average temperature, K

| 1-4 4 Microwave 333

5-8 4 Blowing 323

5 9-12 4 Microwave 341
13-16 4 Blowing 318

17-20 4 Microwave 343

3 21-24 4 Blowing 316

4 25-28 4 Microwave 344
29-32 4 Blowing 315

5 33-34 2 Microwave 348
35-38 4 Blowing 317

6 39-40 2 Microwave 347
41-44 4 Blowing 317

7 45-46 2 Microwave 346
47-50 4 Blowing 318

8 51-52 2 Microwave 344
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53-56 4 Blowing 319
9 57-59 3 Microwave 343
60-63 4 Blowing 316
10 64-66 3 Microwave 339
67-70 4 Blowing 317
11 71-73 3 Microwave 339

With a graphical representation of the results obtained in Figure 1, one can see a rise in temperature when the
microwave energy is supplied and a decrease when the microwave energy is turned off. Ambient temperature - 27 ° C.
The average temperature inside the chamber at the time of microwave exposure is 46 ° C. The average temperature on
the sample surface first rises and then slowly falls. The averaged value shows that the maximum temperature falls on
the sixth cycle.

temperature, K

ML LE S 2 \v o\l \J ——  heat
| ' ¥ N ¥ N N A average

time, min
Fig. 1. Change in temperature in the drying chamber with a combined method of drying citrus raw materials

After the fourth cycle, the temperature on the surface of the raw material rises to the limiting value of 77 ° C,
therefore, on the fifth cycle, it is necessary to reduce the exposure time to microwave. The peak point of the fourth cycle
corresponds to a product moisture content of 40%. The peak point of the sixth cycle corresponds to a moisture content
of 33%, which, as can be seen from the microwave drying curve (Figure 3), corresponds to the critical moisture content
point. Up to the point of critical moisture content, mainly free moisture is removed, but the microwave effect also af-
fects the bound moisture, which also affects the rise in temperatures. After this point, the drying rate decreases as the
moisture content of the product decreases. During this period, the bound moisture is removed, and the gradual decrease
in the drying rate is explained by the increase in the binding energy of moisture with the material. During this period,
the process of removing moisture depends on the moisture content, the nature of the connection of moisture with the
material, the physicochemical properties of the material. As the moisture content of the product decreases, the average
temperature also decreases. It is assumed that due to the temperature distribution in the center of the sample, the tem-
perature constantly increases during the entire drying time.

With the described drying method, the threshold of 70 ° C was exceeded. However, the duration of high tem-
peratures was short (no more than 7 minutes) and this did not significantly affect the quality of the pectin obtained.
Temperature distribution over the entire drying time is shown in Figure 2.

more than 70C

less than 50C

50-T0C

Fig. 2. Temperature analysis

Analysis of the diagram shows that microwave treatment significantly reduces drying time. For 100 g of raw
materials, moisture 77%, using microwave, it took 73 minutes to dry the product to a final moisture content of 10%,
while convective drying took 350 minutes.

The drying curves are shown in Figure 3.
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Fig. 3. Drying curve

Organoleptically dried samples did not differ from each other.

Pre-dried raw materials were subjected to extraction. For the extraction of pectin, the same methods were used
for all samples. In the work performed, the use of strong mineral acids was abandoned in favor of citric acid. The ex-
traction was carried out in three stages. After each stage, the aqueous solution was decanted and the raw material was
poured with a new portion of the acidic solution. The output of pectin by stages is shown in Figure 2. It shows that the
hydrolysis of raw materials dried using microwave is faster. After the second stage, it was already possible to obtain
90% of the pectin from the total pectin obtained. The raw material, convectively dried after the second stage, gave only
60% yield. Thus, to obtain pectin by the described method, two hydrolysis stages can be used, which will shorten the
extraction time in general.

Percentage of pactin, %

1 2
Hydrolysis stages

—— Convective drying =~ = DMicrowave drying

Fig. 4. The output of pectin by stages of hydrolysis

The total yield of pectin from raw materials after microwave processing of raw materials is 2.1 times higher
than after convective drying.

Apparently, this can be explained by the effect of microwave energy on the raw material when heated. Orange
peel has a capillary-porous structure and is a complex substance in which the components have different diclectric
properties. The main role in the process of energy absorption during dielectric heating of a material is played by water
molecules, which are dipoles. When an electric field is applied to a dipole molecule, its polarization occurs, caused by
the attraction of negative and positive charges of the molecules in accordance with the direction of the external electric
field, which subsequently under the action of an alternating field come into oscillatory motion. When exposed to an
alternating electromagnetic field, the raw material, which is a dielectric material, heats up due to dielectric losses, that
is, the field energy is converted into heat.

Due to its high dielectric constant, water absorbs most of the radiation, heats up and begins to evaporate. Since
the water in the raw material is in a confined space, then with the beginning of its boiling, excess pressure is created.
The increasing internal pressure significantly deforms the structure of the product throughout the entire volume of the
material. Microwave treatment makes it possible to disrupt the continuity of the cell membranes of plant materials prior
to extraction.
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The structure of the raw material acquires a developed contact surface of the phases, which accelerates the
mass exchange processes and at the same time ensures the uniform passage of hydrolysis of protopectin substances,
regardless of their localization in the cell. As a result, the process of hydrolysis of protopectin substances is completed
faster than for raw materials obtained by convective drying, which significantly increases the yield of pectin.

Moisture during microwave processing of raw materials evaporates faster, which increases the drying rate, and
the cell walls containing pectin heat up less, which improves its quality.

The obtained samples can be classified as highly esterified, since the degree of esterification of all samples was
more than 50%.

Molecular weight and gelation did not differ significantly between samples. For the formation of jelly 150 °
SAG, a mass of 70 kDa is sufficient [8]. All samples have an average molar mass greater than this value.

The experimental results are shown in Table 2.

Table 2
Experimental results for different methods of raw material preparation
Convection Drying Combined Drying
Pectin output to dry matter,% 10,8 21,9
Esterification degree,% 75 76,5
Average molecular weight, kDa 103 96

Conclusions. The paper describes a method of combined drying with a cyclic supply of microwave energy.
The optimal power of microwave exposure is determined, equal to 300 W. The point of critical moisture content was
found, on the basis of which the cycle duration was selected.

A comparison was made between microwave drying and convective drying of citrus raw materials, which were
used to obtain pectin. Drying curves are given.

There was no significant difference in the quality of the pectin obtained. At the same time, microwave drying
made it possible to reduce the drying time by 4.5 times and to increase the output of pectin by 2.1 times.

The method of obtaining pectin using microwave drying allows to simplify the technology, increase the yield
and reduce not only the drying time, but also the duration of hydrolysis.
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