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The technological aspects for complex processing
of hawthorn fruits

Considering the shortage of the plant raw material the issue of its complex processing is relevant, and it contributes
to its rational use.

Aim. To develop the technology for complex processing of hawthorn fruits.

Materials and methods. The lipophilic complex (LC) extraction was carried out with chloroform in the raw materi-
al-extractant ratio of 1 : 10; the phenolic complex (PhC) was prepared with the ethyl acetate-alcohol mixture in the ratio
of 8 : 2; WSPC was obtained by triple extraction of the fruits meal after preparing LC and PhC with hot purified water
followed by concentration and precipitation with 96 % ethyl alcohol.

Results and discussion. It was found that the yield of LC in fruits of the hawthorn species studied was from 1 %
to 10 %, the highest yield was determined in the fruits of C. submollis Sarg., C. succulenta Schrad. and C. densiflora Sarg.
The yield of PhC was from 9 % to 18 %, C. submollis Sarg., C. mollis Sarg., C. amoldiana Sarg. and C. canadensis Sarg. domi-
nated. WSPC was from 15 % to 35 %, the highest yield was determined for fruits of C. submollis Sarg., C. macracantha Lodd,
C. mollis Sarg., C. arnoldiana Sarg., C.succulenta Schrad.

Conclusions. The technology of the complex processing of hawthorn fruits — C. submollis Sarg., C. mollis Sarg.,
C. arnoldiana Sarg., C. canadensis Sarg., C. oxyacantha L., C. monogyna Jack., C. sanguinea Pall., C. pentagyna Waldst.
Et Kit., C. aronia (L.) Bosc, C. densiflora Sarg., C. succulenta Schrad, C. macracantha Lodd., C. flabellata (Bosc)
C. Koch., C. pseudokyrtostylla Klok., C. ukrainica A. Pojark., C. ambiguae C. A. M — has been developed. As a result
of complex processing of the plant raw material such complexes as LC, PhC and WSPC have been obtained.
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H. B. Cugopa, A. M. KoeanboBa, B. K. AkoBeHko
TexHonoriyHi acnekTu KOMNEKCHOI NnepepobKu nnoais rnoay

3Baxatoun Ha AediunT POCIMHHOI CUPOBUHW, akTyalnlbHUM € MUTaHHS KOMMJIEKCHOT Nepepobku, Lo CTBOPIOE Nne-
peaymoBM Ans i pauioHanbHOro BUKOPUCTAHHS.

MeToto gaHoi poboTH € po3pobka TEXHOMOTii KOMMNNEKCHOT Nepepobkn nNnoais rnoay.

MaTtepianu Ta metoau. Exkcrpakuito JIK i3 cnpoBrHM NpoBoannmM XnopodopMoM Y ChiBBIAHOLLEHHI CUPOBUHA-
ekctpareHT 1 : 10; ®K oTprmyBanu eTunaueTaTHO-CNMPTOBOK CYMILLLLIIO Y cniBBigHOLWeEHHI 8 : 2; BPTIC oTpumysanu
TPUKpPaTHOI eKcTpakuieto WpoTy nnogdis nicnsa ogepxaHHs JIK ta ®K rapsyoto BoAOK O4MLLEHOIO Ta NoAarnbLUMM KOH-
LEHTPYBaHHSAM Ta OCa[PKEHHSIM CMMPTOM eTunoBum 96 %.

Pe3ynkTaTy Ta ix o6roBopeHHsi. BctaHoBneHo, wo suxia JIK y nnogax gocnigXeHnx BUAIB rMOAIB CTAHOBUTDL Bif
1% 0o 10 %, HanbinbLumn BUXia Bu3HadeHo anst nnogis C. submollis Sarg., C. succulenta Schrad. Ta C. densiflora Sarg. Buxig,
K craHoBuTb Big, 9 % [0 18 %, HanbinbLmii Buxia Bu3HaveHo ans C. submollis Sarg., C. mollis Sarg., C. arnoldiana Sarg. Ta
C. canadensis Sarg. BPTIC mictatecs Big 15 % 0o 35 %, HanbinsLwumi Buxig BPTC BusHaveHo ansa nnogis C. submollis Sarg.,
C. macracantha Lodd, C. mollis Sarg., C. arnoldiana Sarg., C.succulenta Schrad.

BucHoBkK. Po3po6rneHo TexHONorito KoMmnnekcHoi nepepobku nnogis rnogis: C. submollis Sarg., C. mollis Sarg.,
C. arnoldiana Sarg., C. canadensis Sarg., C. oxyacantha L., C. monogyna Jack., C. sanguinea Pall., C. pentagyna Waldst.
EtKit., C. aronia (L.) Bosc, C. densiflora Sarg., C. succulenta Schrad, C. macracantha Lodd., C. flabellata (Bosc) C. Koch.,
C. pseudokyrtostylla Klok., C. ukrainica A. Pojark., C. ambiguae C. A. M. Y peaynbsraTi KOMNIEKCHOI nepepobkn poc-
TNIMHHOT cMpoBKHK Bynn oaepxaHi ninodinbHi (JIK), dpeHonbHi (PK) Ta BogoposvmHHI nonicaxapuaHi (BPTC) komnnekcu.

Knrovoei cnoea: enid; nnodu; KoMrsekcHa nepepobka; mexHosoaisi

H. B. Cugopa, A. M. Koeanega, B. K. AkoBeHko

TexHonorM4yeckme acnekTbl KOMMNIEKCHON nepepaboTky NnogoB 60ApPbILWHMKA

YunTbiBas 4eduUUMT pacTUTENBHOIO ChiPbsi, aKTyarnbHbIM SBMSETCA BOMPOC €ro KOMMIEKCHOW nepepaboTku, 4To
co3faeT NpeanochInky Anst ero paunoHanbHOro NCNonb30BaHWS.
Lenbto gaHHon paboTbl ABnseTcs pa3paboTka TEXHONOrMM KOMMIEKCHON nepepaboTkn nrnofos 60ApbILLHMKA.
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MaTtepuanbl n metoabl. OkcTpakumio JIK 13 cbipbs NpoBoaMnmM XriopoopMOM B COOTHOLLEHUN Cbipbe-3KCTpa-
reHT 1 : 10; ®K nonyyanu aTnnaueTaTHO-CNUPTOBOW CMEChb0 B COOTHoLeHun 8 : 2; BPIC nonyyanu TpexkpaTHON
3KCTpakumen wpota nnogos nocrie nonyyveHuns JIK n ®K ropsyern BOAON OYMLLEHHOW C NOCHEAYHOLWMM KOHLEHTPUPO-
BaHVEM U ocaXg4eHUeM CnMpToM 3TunosbiM 96 %.

Pe3ynkTaTbl U nx obcyxaeHue. YcTaHoBrneHo, 4to Bbixog JIK B nnogax nccrnegoBaHHbIX BUAOB GOSAPbILLIHUMKOB
coctaBun ot 1 % o 10 %, HanbonbLunii Bbixod onpeaeneH B nnogax C. submollis Sarg., C. succulenta Schrad. n
C. densiflora Sarg. Bbixog ®K coctaBun ot 9 % no 18 %, npeobnagatot C. submollis Sarg., C. mollis Sarg., C. arnoldiana Sarg.
n C. canadensis Sarg. BPIC cogepxartcs ot 15 % po 35 %, Hanbonbwuii Beixog BPIC ycTaHoBNEH Anst nnogos
C. submollis Sarg., C. macracantha Lodd, C. mollis Sarg., C. arnoldiana Sarg., C. succulenta Schrad.

BeiBoabl. PaspabotaHa TexHonorusa KomnnekcHom nepepaboTkm nnogos 6ospeiwHukos: C. submollis Sarg.,
C. mollis Sarg., C. arnoldiana Sarg., C. canadensis Sarg., C. oxyacantha L., C. monogyna Jack., C. sanguinea Pall.,
C. pentagyna Waldst. Et Kit., C. aronia (L.) Bosc, C. densiflora Sarg., C. succulenta Schrad, C. macracantha Lodd.,
C. flabellata (Bosc) C. Koch., C. pseudokyrtostylla Klok., C. ukrainica A. Pojark., C. ambiguae C. A. M. B pesynsrate
KOMMMEKCHOM NepepobKn pacTUTENBHOIO Cbipbs Obinn nomny4veHbl nunodunesHble (J1K), deHonbHble (PK) n BogopacTso-

pvMble nonmcaxapugHesle (BPTC) komnnekcsbl.

Knroyeenie crioga: 608pbiwHUK; Mno0bl; KOMIIEKCHas nepepabomka; mexHomno2aus

Lately herbal drugs are gaining popularity at the phar-
maceutical market of Ukraine. Together with this, reduc-
tion of natural resources of wild species of the plant raw
material and increase of prices for the imported raw ma-
terial should be taken into account. The topical problem
of modern phytochemical production is ineffective use
of the raw material [1].

In conditions of the raw material shortage of caused
by various factors, including the environmental situa-
tion and urbanization, the issue of complex processing
of the raw material is of current interest, which creates
prospects for its rational use.

When working with the raw material in many cases
the emphasis is made on extraction of certain classes of
biological active substances (BAS), but the meal is not
used although the rational use of wastes will allow ob-
taining BAS that differ by their physicochemical proper-
ties and pharmacological activity [2].

One of the directions of the rational use of the raw
material and the cost reduction of herbal drugs is develop-
ment of the rational technology for complex processing
of the raw material, which allows obtaining several phar-
macologically active substances from a single plant ob-
ject. The extraction of BAS is carried out consistently
with solvents of different polarity [2].

The aim of the work is develop the technology for
complex processing of hawthorn fruits for obtaining BAS
of different chemical nature and pharmacological activity.

Materials and methods

The objects of the study were fruits of hawthorn,
which belong to different botanical sections by their mor-
phological structure and differ in size, the nature of the
pulp and number of seeds (from 1 to 5): C. submollis Sarg.,
C. mollis Sarg., C. arnoldiana Sarg., C. canadensis Sarg.,
C. oxyacantha L., C. monogyna Jack., C. sanguinea Pall.,
C. pentagyna Waldst. Et Kit., C. aronia (L.) Bosc, C. den-
siflora Sarg., C. succulenta Schrad, C. macracantha Lodd.,
C. flabellata (Bosc) C. Koch., C. pseudokyrtostylla Klok.,
C. ukrainica A. Pojark., C. ambiguae C. A. M. [3, 4, 5, 6].

The raw material was collected in August-Septem-
ber of 2016 in the Kharkiv, Poltava, Kyiv regions and
the Botanical Garden of V. N. Karazin National Univer-

sity. Hawthorn fruits were gathered in the phase of full
ripeness. The dry raw material was used.

Obtaining of Extracts

The lipophilic complex (LC). The accurate weights
of the raw material (hawthorn fruits) were crushed to the
particle size of 3 mm, separated from the dust through a
sieve No. 18, placed in a filter paper bag and weighed on
the analytical balance. The raw material prepared was
subjected to exhaustive extraction in a Soxhlet appara-
tus with chloroform in the raw material-extractant ratio
of 1:10[7, 8].

The duration of extraction was 12-15 hours at a tem-
perature of 60-65 °C. The extraction was carried out on
a water bath until the extract was discolored in the dis-
charge spout. The flask-receiver was weighed before and
after extraction.

To remove the extractant the flask was dried at a tem-
perature of 60 °C for 30 min. The samples of the comp-
lexes obtained had the appearance of a resinous liquid
of a yellow-brown color.

The phenolic complex (PhC). The meal dried in
the air at room temperature was weighed on the analyti-
cal balance and extensively extracted in a closed cycle
with the ethyl acetate — alcohol mixture (8 : 2) in the
general ratio of the raw material-extractant (1 : 10) for
2 hours at a constantly maintained temperature of 75-80 °C.
After that the extractant was evaporated, the content of
the flask was dried and weighed.

The samples of phenolic complexes obtained were
resinous compounds from light brown to dark brown co-
lor with a characteristic odor [9].

The water soluble polysaccharide complex (WSPC).
The meal dried in the air at room temperature after ob-
taining the phenolic complex was weighed on the analy-
tical balance, placed in a round-bottomed flask and pou-
red with hot purified water in the ratio of 1 : 5 and kept
on a water bath at a temperature of 90 °C for 30 min.

Extraction with water was conducted three times.
To do this, each extraction was poured into a separate
flask and filled with a new portion of hot purified water.

The aqueous extracts obtained were combined, con-
centrated first to the volume corresponding to the mass
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of the raw material and after up to 1/3 of the previous
volume.

For concentration a rotary evaporator was used. The re-
sulting concentrate was added to a three-fold volume
of 96 % ethyl alcohol while heating. The precipitate for-
med was separated by centrifugation. The samples of
WSPC obtained were jelly-like substances.

The mixture of WSPC was dried in a dryer, and the
quantitative content was determined by gravimetry. The
complexes obtained are amorphous compounds from a
yellow to yellow-brown color.

Results and discussion

Before determining the yield of BAS in the samples
obtained the loss on drying of the fruits of the hawthorn
species studied was identified. The moisture of the raw
material was determined according to the pharmacopoeial
method in five replicates [10], the results were statisti-
cally processed (Tab. 1).

Table 1

The results of the loss on drying determination
in hawthorn fruits (n = 5)

Hawthorn species

Loss on drying, %

C. submollis Sarg.

10.1512 +0.1423

C. mollis Sarg.

11.2513 +£0.3712

C. arnoldiana Sarg.

9.1705 +0.1234

C. canadensis Sarg. 7.2512 £ 0.0623
C. oxyacantha L. 6.1321£0.1314
C. monogyna Jack. 6.2500 £ 0.1314
C. sanguinea Pall. 7.1810+£0.2516
C. pentagyna Waldst. Et Kit. 6.8512 + 0.2543
C. aronia (L.) Bosc 7.5643 +0.5412
C. densiflora Sarg 9.1325+0.2612
C. succulenta Schrad 8.4500 + 0.4532

C. macracantha Lodd

8.1005 +0.1652

As aresult of complex processing of hawthorn fruits
lipophilic, phenolic and water soluble polysaccharide comp-
lexes with a significant yield of BAS were obtained. The flow-
chart of complex processing of hawthorn fruits of dif-
ferent species is shown in Fig.

C. flabellata (Bosc) C. Koch
C. pseudokyrtostylla Klok.
C. ukrainica A. Pojark.
C.ambiguae C. A. M.

7.8521+0.5210
10.2215 + 0.3542
9.1214 £ 0.2235
8.7505 + 0.4710
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materials

Obtaining extracts

Stage 1
}—’ Crushing of the raw material

. The mass of the raw material,
Hawthorn traits

\ »> grinding time
Scales, mill
Stage 2 The mass of the raw material,
Sieving of the raw materials | the size of the sieve mesh,
Vibrating sieve, scales homogeneity
Stage 3 The amount of chlorofoim,
’ Chloroform ‘4> Obtaining the lipophilic complex [ CliEiEm Cff HEEHE, Empewiiie)

duration of drying.
Semifinished product control

Extractor, measurer, dryer

Stage 4
The extractant preparation
Reactor, measurer

§

Stage 5
Obtaining the phenolic complex
Extractor, scales

b

Stage 6 Temperature, residual
The extractant removal moisture of the mass.
Evaporation apparatus Semi-product control

The amount of the raw material,

’ mixing time, homogeneity

’ Ethyl acetate, ethyl alcohol 96 %

The meal from stage 3 ‘4> The meal moisture, meal mass,
’ N ] temperature, duration of extraction

Stage 7 The meal moisture, meal mass,
—— | Obtaining the polysaccharide complex| »———  amount of water, temperature,
Extractor, measurer duration of extraction

b

Stage 8
Concentration of the water extract | p———|
Evaporation apparatus

Purified water, the meal
from stage 5

Temperature, residual moisture
of the mass. Semi- product control

Packing of extracts

Extracts from stages 3, 6, 8. Stage 9 The amount of extract

Polymer containers with lids, » | Dispensing of extracts in containers | P—— in the container, correct
labels Automatic packing machine labeling

’ Quarantine storage ‘ >;| Finished product control

’ Finished products ‘

Fig. The flowchart of complex processing of hawthorn fruits
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Table 2

The yield of lipophilic and phenolic complexes
of hawthorn fruits

Table 3

The yield of water soluble polysaccharide complexes
of hawthorn fruits

Hawthom species The yield The yield The moisture The vield
P of LC, % of PhC, % Hawthorn species content y N
- oy | of WSPC, (%)

C. submollis Sarg. 10.12 18.12 of WSPC, (%)
C. mollis Sarg. 6.75 18.45 C subn70/l:5 Sarg. 7.32 35.75
C. arnoldiana Sarg. 4.25 18.62 g molll/s;arg.s ;;i 22'1 2
C. canadensis Sarg. 5.12 17.45 -armo lang arg. - 0.65
c tha L 445 1012 C. canadensis Sarg. 6.95 29.70

- OXyacaning . - - C. oxyacantha L. 5.64 25.12
C monogyna Jack. 3.65 9.25 C. monogyna Jack. 5.93 22.18
C. sanguinea Pall. 4.15 10.24 C. sanguinea Pall. 6.23 28.45
C. pentagyna Waldst. Et Kit. 535 12.15 C. pentagyna Waldst. Et Kit. 513 77.89
C. aronia (L.) Bosc 5.15 10.75 C. aronia (L.) Bosc 4.95 20.15
C. densiflora Sarg 8.94 14.15 C. densiflora Sarg 6.81 24.86
C. succulenta Schrad 9.17 13.95 C. succulenta Schrad 6.32 30.15
C. macracantha Lodd 2.85 13.10 C. macracantha Lodd 5.95 32.16
C. flabellata (Bosc) C. Koch 2.15 12.76 C. flabellata (Bosc) C. Koch 4.13 28.75
C. pseudokyrtostylla Klok. 1.95 8.17 C. pseudokyrtostylla Klok. 5.71 15.12
C. ukrainica A. Pojark. 1.85 9.25 C. ukrainica A. Pojark. 5.31 16.75
C. ambiguae C. A. M. 1.75 8.75 C.ambiguae C. A. M. 5.17 15.78

As can be seen from Fig., the technological process
of complete depletion of the hawthorn raw material con-
sists of 9 stages: crushing of the raw material, sieving of
the raw material, obtaining the lipophilic complex, the
extractant preparation, obtaining the phenolic complex,
the extractant removal, obtaining the polysaccharide comp-
lex, concentration of the water extract, dispensing of ext-
racts in containers.

The yield of the complexes taking into account the
moisture content of the raw material was calculated by
the formula:

m, - 100-100
X= T T An TN
m,-(100 - W)

where: m, — is the mass of the resulting complex, g;
m, — is the accurate weight of the raw material, g; W —
is the loss in mass when dried (moisture), %.

The yield of lipophilic and phenolic complexes of
hawthorn fruits species is presented in Tab. 2.

As can be seen from Tab. 2, the highest yield of LC (%)
was determined for fruits of C. submollis Sarg. (10.12),
C. succulenta Schrad. (9.17) and C. densiflora Sarg. (8.94).
The highest yield of PhC (%) was found for C. submol-
lis Sarg. (18.12), C. mollis Sarg. (18.45), C. arnoldiana
Sarg. (18.62) and C. canadensis Sarg. (17.45).

The yield of WSPC of hawthorn fruits is given in
Tab. 3.

The data of Tab. 3 show that the highest yield (%) of
WSPC was determined for fruits C. submollis Sarg. (35.75),
C. macracantha Lodd (32.16), C. mollis Sarg. (32.12),
C. arnoldiana Sarg. (30.65), C. succulenta Schrad (30.15).

CONCLUSIONS

1. Based on the experimental studies the technology
of complex processing of fruits of 16 hawthorn species —
C. submollis Sarg., C. mollis Sarg., C. arnoldiana Sarg.,
C. canadensis Sarg., C. oxyacantha L., C. monogyna Jack.,
C. sanguinea Pall., C. pentagyna Waldst. EtKit., C. aro-
nia (L.) Bosc, C. densiflora Sarg., C. succulenta Schrad,
C. macracantha Lodd., C. flabellata (Bosc) C. Koch.,
C. pseudokyrtostylla Klok., C. ukrainica A. Pojark.,
C. ambiguae C. A. M. — has been developed.

2. For the purpose of complete depletion of the raw
material the studies on isolation of hydrophilic substan-
ces after separation from the meal of the pulp of lipo-
philic substances were conducted. It has been found that
70 % ethyl alcohol is the optimal extractant, and the opti-
mal extraction time is 5-5.5 hours.

3. As aresult of the study such complexes as LC, PhC
and WSPC have been obtained from the plant raw material.

4. It has been experimentally determined that the
yield of LC is from 1 to 10 %; PhC — 8-18 %, WSPC —
15-35 % depending on the species of hawthorn.

Conflict of Interests: authors have no conflict of
interests to declare.
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