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The study of the carbohydrate composition of hawthorn fruits

Carbohydrates, in particular monosaccharides, are necessary for the normal functioning of the human body. Therefore,
the search for plant sources of available carbohydrates, such as glucose, fructose, arabinose, is relevant today.

Aim. To determine the qualitative composition and the quantitative content of monosaccharides of hawthorn fruits.

Materials and methods. Extraction of polysaccharides from the raw material was carried out with purified water
in the ratio of the raw material — extractant of 1 : 10 and further treatment of the filtrate with 96 % ethyl alcohol. The
preliminary identification of sugars was performed by paper chromatography (PC) after acid hydrolysis. The qualitative
composition and the quantitative content of sugars were determined by the gas chromatography-mass spectrometry
method on an Agilent 6890N/5973 inert device (Agilent Technologies, USA). The total sugars were isolated by acid
hydrolysis using 2 M trifluoroacetic acid. For extraction of free sugars the mixture of methyl alcohol solution and the
internal standard (the solution of sorbitol) was added to the powdered raw material.

Results and discussion. As a result of chromatography (PC) with the reliable samples glucose and fructose
were identified in the raw material. By the chromatography-mass spectrometry study the presence of 5 free sugars
was detected, among them glucose (2.02 mg/g), fructose (2.21 mg/g) and sucrose (0.23 mg/g) were determined. After
acidic hydrolysis arabinose (1.82 mg/g), xylose (3.88 mg/g), mannose (4.25 mg/g), glucose (5.57 mg/g) and galactose
(1.31 mg/g) were identified.

Conclusions. The composition of sugars in hawthorn fruit has been found. The highest content has been deter-
mined for fructose, glucose and mannose.
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H. B. Cugopa, A. M. KoeanboBa, B. K. AkoBeHko
DdocnigxeHHs ByrneBogHOro cknagy nnoAis rnoay

Byrnesogw, 30kpemMa MOHOLYKPU, HeODOXiaHI ANA HOpManbHOro (OYyHKLOHyBaHHSA opraHiaMy NioauHU. ToMy akTy-
anbHUM € MOLLYK POCITMHHUX JXKepen AOCTYMHUX BYrMeBOAiB TakMX SK rMoko3a, ppykTosa, apabiHosa.

MeToto gaHoi poboTr € BCTaHOBMNEHHS AKICHOrO CKragy Ta KinlbKiCHOro BMIiCTy MOHOLIYKPIB MNoaiB rmoay.

Marepianu Ta MmeToau. EkcTpakuito nonicaxapvais 3 CUPOBMHU MPOBOAUIIN BOAOK OYULLEHOK Y CMiBBIOHOLLEHHI
cupoBuHa-ekcTpareHT 1 : 10 Ta HacTynHot o6pobkoto dhinsTpaTy cnuptom etunosum 96 %. MonepeaHto ineHTUI-
KaLilo MOHOLYKPOBOrO cKnazy NpoBoAuMnvM MeToAoM nanepoBoi xpomatorpadii (MX) nicna kmcnoTHoro rigponiay.
AxicHn cknapg Ta KinNbKiCHUA BMICT MOHOLYKPIB BU3Ha4Yanu MeToAOM ra3opiavHHOI XpoMaTo-Mac-CrekTpomMeTpil Ha
npunagi Agilent 6890N/5973 inert, (Agilent Technologies, USA). 3aranbHi MOHOLYKpY BUAINANW KUCIIOTHAM FigpOni3oM
3 BUKOpPUCTaHHAM 2 M knucnotu TpudTopooLToBoi. [Ansg ekcTpakuii BinbHUX MOHOLYKPIB A0 NepeTepToi Y MOPOLLUOK Ch-
POBUHM JoAaBanu CyMmilll PO34MHY METUINOBOTO CNMPTY 3 BHYTPILLHIM CTaHO4apToOM (po34umH copbitony).

PesynbraTy Ta ix o6roBopeHHs. B pe3ynbraTti xpomatorpadysaHHs (IMX) 3 BiporiaHUMK 3pa3kaMu B CUPOBUHI
6yno ineHTudikoBaHo rnoko3y Ta pykTo3y. [py NpoBeaeHHI XpomMaTo-Mac-CneKTPOMETPUYHOIO AOCNIAKEHHS BCTa-
HOBJIEHO MPUCYTHICTb 5 BINbHMX LIYKPIB, 3 AKNX ieHT1diKkoBaHo rmoko3dy (2,02 mr/r), dpykTosy (2,21 Mr/r) Ta uykpo3sy
(0,23 wmr/r). Micna kncnoTHoro rigponidy ineHTudikoaHo apabiHo3dy (1,82 mr/r), keunony (3,88 mr/r), maHo3y (4,25 mr/r),
rntoko3y (5,57 mr/r) Ta ranaktosy (1,31 mr/r).

BucHoBKku. BcTaHOBNEHO MOHOLYKPOBWUI Cknag nnoAis rrnogy. Hanbinbwnii BMiCT BU3Ha4YeHO Ans opykTosu,
TIOKO3M Ta MaHO3MW.

Knroyoei cnoea: enid; nnodu; yykpu

H. B. Cugopa, A. M. Koeanesa, B. K. AkoBeHko
M3yyeHue yrneBoaHOro coctaBa nnoaoB 60spbILIHUKA

YrneBoabl, B 4YaCTHOCTM MOHOCaxapa, Heobxoaumbl AN HOPManbHOro PYHKLMOHUPOBaHNS YEerNOBEYECKOoro opra-
Hu3ma. MoaToMy akTyanbHbIM SBASETCS NOUCK PacTUTENbHbIX UCTOYHUKOB AOCTYMHbIX YINIEBOAOB, TAKUX Kak rMoKo3a,
dpykTO3a, apabuHosa.

Llenbto gaHHoM paboThl SABNSIETCS YCTAHOBIIEHNE Ka4ECTBEHHOIO COCTaBa W KONMMYECTBEHHOIO COAEPKaHNst MOHO-
caxapoB MrodoB 6osipbILLHKMKA.

MaTepuanbi 1 MmeToAbl. DKCTPaKLUIO NonmcaxapuioB U3 Cbipbsi MPOBOAWIW BOAOW OYULLEHHON B COOTHOLLEHWN
cbipbe-akcTpareHT 1 : 10 n nocnegytowen obpaboTkon unsTpaTa cnuptom atunoBbiM 96 %. MNMpeaBapuTenbHyO
MOEHTUUKALMIO MOHOCaXapuaHoOro coctasa nNpoBoaunmn Metogom bymarkHorm xpomarorpadpum (BX) nocne kucnoTHo-
ro rugponusa. KayecTBeHHbI COCTaB M KONMMYECTBEHHOE COAEPKaHNe MOHOCaxapoB ONpeaensnv MeEToA0M ra3oxua-
KOCTHOW XpomaTo-Macc-cnekTpoMeTpumn Ha npubope Agilent 6890N/5973 inert, (Agilent Technologies, USA). Obwne
MOHOCaxapa BblAENANN KACNOTHLIM MMAPOSIM30M C UCMonb3oBaHneM 2 M KMCNoTbl TPUATOPYKCYCHOM. [na aKkcTpak-
LMM cBOBOOAHBLIX MOHOCaXapoB K MepeTepToMy B MOPOLLOK Cbipbo J0OaBnsANM cMecb pacTBopa METUIIOBOrO cnvpTta ¢
BHYTPEHHMM CTaHAApPTOM (pacTBop copbutona).
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Pe3ynkTaTbl n nx obcyxaeHune. B pesynsrate xpomartorpadpupoBanms (BX) ¢ goctoBepHbIMy 06pasLamu B Cbipbe
6ynn naeHTNMULMPOBaHbI II0Ko3a 1 pykTo3a. Npn NpoBeAeHN XpOMaTO-Macc-CreKTPOMETPUYECKOTO NCCrenoBa-
HMS YCTaHOBMEHO MpPUCYTCTBME 5 CBOGOAHBIX CaxapoB, U3 KOTOPbIX MAEHTUMUMpoBaHo rmokody (2,02 mr/r), dpyk-
To3y (2,21 mr/r) n caxapoasy (0,23 mr/r). [locne KMCNOTHOro rMaponusa naeHTuduLmMpoBaHo apabuHosy (1,82 mr/r),
kcunony (3,88 mr/r), maHHo3y (4,25 mr/r), rmtokosy (5,57 mr/r) u ranaktoay (1,31 mr/r).

BbiBoAbl. YcTaHOBNEH MOHOCaxXapyAHbI cocTaB NnofoB 6ospbiHKKa. Hanbonbluee coaepxaHue onpegeneHo

ana (bpyKTOSbI, MOKO3bl 1 MAHHO3bI.
Knroyeenle crioea: 6OFIprLUHUK,' rnnoosbi; caxapa

Monosaccharides are an important part of the daily
human diet. These compounds are necessary for the nor-
mal functioning of the body [1]. Moreover, glucose is
the source of energy for organs and tissues, and it is acti-
vely used by the muscles; fructose is involved in metabolic
processes; ribose is a component of deoxyribonucleinic
acid [2]. The search for plant sources of available carbo-
hydrates is relevant today. As we reported earlier, in fruits
of North American hawthorn species a significant content
of water-soluble polysaccharides was found. Therefore, in
our opinion, the profound study of the carbohydrate com-
position of this raw material is of scientific interest.

The aim of the work is to determine the qualitative
composition and the quantitative content of monosac-
charides of hawthorn fruits.

Materials and methods

The objects of the study were the hawthorn fruit of
the North American group with a sweet, juicy pulp [3, 4].

The raw material was collected in the phase of full
ripeness in August 2017 (Botanical Garden of the Na-
tional University of V. N. Karazin).

Preparation and the study of polysaccharides.
Polysaccharides were isolated from the raw material by
heating with purified water in the ratio of 1 : 10 and with
the subsequent addition of 96 % ethyl alcohol. The pre-
cipitate formed was separated by centrifugation for 2 min
and dried in a dryer at the temperature of 35 °C [5, 6].

The resulting polysaccharides were hydrolyzed with
10 % sulfate acid while heating. The hydrolyzate was
chromatographed in the butanol — acetic acid — water
solvent system (4 : 1 : 2) with reliable samples of sugars
(D-glucose, L-arabinose, D-fructose, D-xylose) [7]. The chro-
matograms obtained were treated with aniline phthalate
and kept in a drying cabinet for 1 min. After chromato-
graphy and processing the formation of brown spots was
observed. By color and the value of Rf glucose and fruc-
tose were identified in the raw material and compared
to the reliable samples [§].

The study of monosaccharides by gas-liquid chro-
matography-mass spectrometry. The sample prepara-
tion of the raw material was based on extraction of the
total and free sugars in different conditions.

Isolation of the total sugars. The raw material was
powdered, the accurate weight (500 mg) was placed in
a round bottom flask, 5 ml of 2 M trifluoroacetic acid
was added, and polysaccharides were hydrolyzed for 6 h.
Then 2 ml of the hydrolyzate were collected, evapora-
ted, washed with water to remove trifluoroacetic acid.
Resuspending was carried out by adding 2 ml of the in-
ternal standard (the sorbitol solution) [9].

Isolation of free monosaccharides. Free monosac-
charides were extracted from the powdered raw mate-
rial. For this purpose, the mixture of methanol solution
with the internal standard (the sorbitol solution) was ad-
ded to 500 mg of the raw material (accurate weight).
Free polysaccharides were isolated at 80 °C for 4 h using
an ultrasound bath.

The qualitative composition and the quantitative
content of monosaccharides were determined by the
gas chromatography-mass spectrometry method. This me-
thod is based on extraction of free sugars and obtaining
of acetates of their aldonitrile derivatives.

Experimental conditions: for the chromatographic
separation the Agilent 6890N/5973 inert gas chromato-
graphy-mass spectrometry system (Agilent Technologies,
USA) was used: a HP-5 capillary column (30 m x 0.25 mm X
0.25 um Agilent Technologies, USA); evaporation tem-
perature — 250 °C, the interface temperature — 280 °C;
separation in the programmed temperature, the initial tem-
perature of 160 °C was maintained for 8 min, then raised to
240 °C (with a gradient of 5 °C/min) and maintained at the
final temperature of 6 min; 1 pl of the sample were injected
in the flow separation mode of 1 : 50. Detection was per-
formed in the SCAN mode (the range of 38-400 m/z).
The speed of the gas-carrier was 1.2 ml/min [9, 10].

Results and discussion

Identification of monosaccharides was carried out by
comparing the retention time of standard sugars and using
the database of the NIST 02 mass spectrometry library.
The quantitative analysis was performed by adding the
internal standard solution (the sorbitol solution) to the
test samples [10].

The mass of monosaccharides (mg) per 1 kg of the
raw material was calculated using the formula:

— Sx 'Mn.stA -1000

Sin.st. m

X

2

where: S, —is the peak area of a monosaccharide; M,, , —
is the mass of the internal standard for the sample; S, , —
is the peak area of the internal standard; m — is the samp-
le weight.

The chromatogram of free monosaccharides and mono-
saccharides after hydrolysis are shown in Fig. 1, 2.

Monosaccharides identified in the raw material are
shown in Table.

As shown in Table, in hawthorn fruit 5 free sugars
were detected, of them 3 were identified (glucose, fruc-
tose, sucrose); after acid hydrolysis the presence of 6 com-
pounds was detected, among them 5 were identified
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Fig. 2. The chromatogram of monosaccharides of hawthorn fruit after acid hydrolysis
Table
Monosaccharides identified in the raw material
Compound | Retention time, min | The quantitative content, mg/g
Free sugars
Glucose 12.77 2.02
Fructose 19.02 2.21
Sucrose 32.84 0.23
Sugars after acid hydrolysis
Arabinose 5.86 1.82
Xylose 6.23 3.88
Mannose 10.76 4.25
Glucose 12.73 5.57
Galactose 13.27 1.31
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(arabinose, xylose, mannose, glucose, galactose). By the
quantitative content in the free form fructose dominated
(2.21 mg/g). Among sugars after acid hydrolysis the hig-
hest content was determined for glucose (5.57 mg/g) and
mannose (4.25 mg/g).

CONCLUSIONS

1. In hawthorn fruits the composition of free sugars
and sugars after acid hydrolysis has been determined.

2. Dominant sugars are fructose, glucose and mannose.

3. The results obtained indicate the use perspective-
ness of hawthorn fruit in medical practice as a source
of monosaccharides and water-soluble polysaccharides
and create the preconditions for further in-depth study
of this raw material.
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