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Introduction. The work aims to study the
chromatographic profiles of volatile compounds in fresh and
dried mixed heat white cabbage with the definition of
differences in qualitative and quantitative composition.

Materials and methods. Chromato-mass spectrometry
(GC/TOF-MS) methods were used to study the profiles of
volatile substances in fresh and dried mixed heat-fed
vegetables, in particular, Amager white cabbage, with
differences in qualitative and quantitative composition. Fresh
white cabbage was chosen as a control.

Results and discussion. During chromatographic studies
of volatile aromatic compounds of fresh and dried white
cabbage, 20 volatile substances were identified. Both samples
contain the following components: 4H-pyran-4-one, 2,3-
dihydro-3,5-dihydroxy-6-methyl-(2.61 and 2.11%), guanosine
(1.07 and 0,48%), oxirane, tetradecyl (1.71 and 0.90%),
tetradecanal (2.89 and 2.72%), 2-pentadecanone (3.2 and
3.00%), 2-nonadecanone (3, 01 and 2.84%), formamide, N-
methyl-N-4-[1- (pyrrolidinyl)-2-butynyl] (3.12 and 2.92%), n-
hexadecanoic acid (5.8 and 5.76%), cis-acetic acid (4.43 and
4.44%), oleic acid (3.94 and 4.02%), oleic acid amide (3.12 and
3.2%), 1,2-benzene dicarboxylic acid diisoctyl ether (5.28 and
5.22%), 6-methyl-octadecane (1.96 and 1.16%), 2,6,10-
trimethyltetradecane (2.69 and 1.84%), heptacosan (34.16 and
32.15%), 2-hexadecanol (2.25 and 1.76%), 1,2-
epoxyhexadecane (11.11 and 10.65%), nonacosanone-15 (3, 83
and 3.45%).

Drying of raw cabbage by drying with mixed heat transfer
did not cause a change in the qualitative composition, however,
caused a decrease in the amount of volatile aromatic
substances.

Decrease in content, % of components: heptacosane,
(34,15—-32,16), 1,2-epoxyhexadecane  (11,11—10,659),
octadecenamide (3,12 — 3,02), n-Hexadecanoic acid (5,80—
5.76) to some extent eliminates the bitter note of raw cabbage,
greasy taste, softens its aromatic sensations.

Conclusions. Comparison of volatile substances between
fresh and dried samples of cabbage allows us to claim the
preservation of valuable biological substances of fresh cabbage
after drying with mixed heat and to spread this method of
processing cabbage with maximum use of its useful properties.
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Introduction

The aroma of dried vegetable raw materials is one of the determining factors of the level
of quality because evaporating from the raw material, moisture takes with it volatile
components, resulting in some loss of taste and aroma [1, 2]. To obtain high-quality food
products using dried vegetable food products obtained by drying with mixed heat, in
particular common vegetables — white cabbage, it was advisable to study the complex of its
flavoring substances.

The conversion of volatile aromatic compounds of cabbage during heat treatment has
been studied to a greater extent at the technological stage of blanching [3, 4] and traditional
drying methods — convective, conductive, etc. Drying with mixed heat supply is currently
promising and economical among the methods that provide heated air as a drying agent [5,
6]. We did not find studies comparing the profiles of volatile compounds of samples of fresh
and dried cabbage with mixed heat, which led to the relevance of the chosen direction of
research.

The study aimed to study the chromatographic profiles of volatile compounds in fresh
and dried mixed heat of white cabbage with the determination of differences in qualitative
and quantitative composition.

Materials and methods

Samples and their preparation

Fresh white Amager cabbage was used for the study. After removing the outer leaves,
the cabbage heads were cut into 2 mm thick strips with a shredder. Part of the shredded
cabbage (5 kg) was mixed and the juice was squeezed from the pulp. Another portion of
cabbage (5 kg) was dried by the method of mixed heat and ground to a powder.

The hardware implementation of drying with mixed heat supply is a chamber measuring
2.0 x 1.0 x 1.5 m, having double walls of sheet steel with a thickness of 10~ m, between
which there is a thermal insulator.

The camera is mounted on a frame that serves as a base for the fan and air nozzles. The
bottom of the chamber is uninsulated. In the upper part of the chamber, there is a hatch for
loading and unloading of products; fan, pipes, heater, and working chamber.

The fan motor is outside the camera. The airflow from the fan is directed to the heater,
then through the rotary nozzles to the working chamber and the fan inlet, ie the airflow is
recirculated in the chamber [7].

Samples of raw cabbage and dried by drying with mixed heat were distributed in
portions of 1 g in glass vials, sealed to prevent loss of volatile compounds.

Qualitative and quantitative analysis of volatile substances

A combination of capillary gas chromatography and mass spectrometry (GC / TOF-
MS) was used to measure the concentration of cabbage volatile substances in samples of
fresh cabbage and dried cabbage [8].

Separation of the components was performed using a standard chromatographic
capillary column from PerkinElmer with active phase "Elite-5MS". The diameter of the
column was 250 pm and the length was 30 m. Helium was used as a carrier gas, the flow of
which was 20 ml/min. The temperature regime is shown in table 1.
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Temperature mode of chromatogram registration

Table 1

Temperature Speed of temperature Final Retention time,
mode change, °C/ min temperature, °C min.
Initial 0.0 80.0 1.00

1 2.0 130.0 0.00
2 5.0 240.0 4.50
3 20.0 280.0 3.00

Individual retention signals were recorded, in particular, the retention time Rt, which
indicates the location of each component on the chromatogram. The paper takes into account
to a greater extent compounds with high truth,% with a signal-to-noise ratio (S/ N> 250).

As aresult of the experiment, chromatograms of experimental samples of cabbage were

obtained (Figure 1).
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Figure 1. Chromatograms of experimental samples of Amager cabbage:

a —fresh, b — dried by mixed heat dissipation
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Calculation of the quantitative content of the components of the experimental
samples

Conducted by the method of internal normalization with statistical data processing of
three parallel experiments [9]. The mass fraction of the investigated components mg,% was
calculated as the ratio of the peak area of the component SR to the total area of all
components. For the final result, we used the mean value with the calculation of the standard
deviation S. The level of probability with a confidence level p = 0.95 did not exceed .= 0.05,
the critical Student's criterion = 5.47. Average values were chosen as the result.

The registration of mass spectrometers was carried out in the mode of ionization of
molecules by electron impact with an electron energy of 70 eV using the EI + mode. The scan
time of the mass spectra was 0.2 s, with a pause between scans of 0.01 s. The number of scans
per averaged mass spectrum was 106. The ions of the studied molecules were fixed in the
mass range of 45+450 m / z. The residual pressure in the ionization chamber was ~ 2.6x107
Pa. The temperature of the ion source was 300 °C. the Input temperature of the analyzer was
280 °C.

Results and discussion

The quantitative and qualitative composition of volatile components in samples of
fresh and dried cabbage

The identified components and their quantitative content of substances are listed in
Table 2.

Table 2
Quantitative and qualitative composition of volatile components in samples of fresh and dried
cabbage
mg, %
1R, Name of CASH#, - in samples of
Ne min components formula Characteristic cabbage
Fresh | Dried
1 04:78 | 4H-Pyran-4-one,2,3- | 28564-83-2 | Ketone. 2,61 | 211
dihydro-3,5- CsHgO4 Makes a sweet
dihydroxy-6- methyl aroma [18]
2 07:50 | Guanosine 118-00-3 Purine nucleoside. | 1,07 | 0,48
C10H13NsOs | Makes a
characteristic
pungent aroma
[18]
3 08:35 | Oxirane tetradecyl 7320-37-8 | Saturated three- 1,71 | 0,90
Ci6H30 membered
heterocycle.
Characteristic
pungent odor [2]
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Table 2 (Continue)

mr, %
1R, Name of CASH#, L in samples of
N min components formula Characteristic cabbage
Fresh | Dried
2,89 | 2,72
5 10:70 | 2-Pentadecanone 2345-28-0 | Ketone. Weak 3,2 3,00
Ci5H300 pleasant smell [2]
6 11:51 | Octadecanoic acid 57-11-4 Fatty acid. 1,82 | 1,06
C18H3602 Included in the
lipid composition
of vegetable wax.
Introduces a
Viscous aroma
[18]
7 12:12 | 2-Nonadecanone 629-66-3 Oxygen 3,01 2,84
Ci9H350 hydrocarbons —
ketone. Weak
"green” aroma
[18]
8 12:41 | Formamide, N- 18327-40-7 | Heterocyclic 3,12 2,92
methyl-N-4-[1- CioH1sN2o | diazo compound.
(pyrrolid inyl)-2- Has a weak
butynyl] specific odor [19]
9 14:32 | n-Hexadecanoic acid | 57-10-3 Saturated fatty 580 | 5,76
Ci16H320; acid of the direct
chain
[18]
10 | 15:60 | 9,12- 60-33-3 Double 2,04 | 1,83
Octadecadienoic CisH320- unsaturated fatty
acid acid, which is
widely found in
plant glycosides
with a pleasant
specific odor [18]
11 | 15:97 | cis-Vaccenic acid 506-17-2 Cis-isomer of 4,43 | 4,44
CisH3402 vaccine acid, part
of phospholipids.
Is an omega-7
fatty acid [18,2 ]
12 | 16:25 | Oleic Acid 112-80-1 Belongs to 3,94 | 4,02
CisH340; monounsaturated
fatty acids. It
belongs to the
group of omega-9
unsaturated fatty
acids. With amild
odor [2]
868 —— Ukrainian Food Journal. 2020. Volume 9. Issue 4
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Table 2 (Continue)

mr, %
1R, Name of CASH#, L in samples of
N min components formula Characteristic cabbage
Fresh | Fresh
13 | 17:51 | 9-Octadecenamide 334156 Fatty amide of 3,12 | 3,02
Ci1gH3sNO | oleic acid. Plant
metabolite [17]
14 | 18:47 | 1,2- 27554-26-3 | Terpenoid, a 5,28 | 5,22
Benzenedicarboxylic | Cz4HzgO04 derivative of
acid diisooctyl ester phthalic acid, a
complex ethereal
odor [18,2]
15 | 19:49 | Octadecane, 6- 10544-96-4 | Isoprenoid alkane | 1,92 | 1,16
methyl- C1oH,0 (isoprene).
Volatile
compound of
cabbage, which
gives a
characteristic
fresh aroma [18 ]
16 | 20:24 | Tetradecane, 2,6,10- | 14905-56-7 | Isoprenoid alkane | 2,69 | 1,84
trimethyl Ci7H36 (isoprene) gives a
characteristic
fresh aroma [2]
17 | 21:15 | Heptacosane 593-49-7 Saturated 34,16 | 32,15
Ca7Hs6 hydrocarbon,
alkane [17]
18 | 22:04 | 2-Hexadecanol 14852-31-4 | Alcohol of high 2,25 | 1,76
Ci6H340 molecular weight,
is a part of esters
of wax [17 ]
19 | 23:35 | 1,2- 7320-37-8 | Saturated 11,11 | 10,65
Epoxyhexadecane Ci6H320 heterocycle with a
weak bitter tone of
aroma [18 ]
20 | 23:66 | 15-Nonacosanone 2764-73-0 | Ketone. 3,83 | 3,45
Ca9Hs0 Component of
vegetable wax,
covering a thin
layer of cabbage
leaves. Slight
smell of mown
hay [2]

As aresult of the conducted researches in the spectrum of volatile substances of samples
of fresh and dried cabbage 20 compounds were identified. Both samples contain the
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following components: 4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-(2.61 and
2.11%), guanosine (1.07 and 0, 48%), oxirane, tetradecyl (1.71 and 0.90%), tetradecanal
(2.89 and 2.72%), 2-pentadecanone (3.2 and 3.00%), 2-nonadecanone (3,01 and 2.84%),
formamide, N-methyl-N-4-[1-(pyrrolidinyl)-2-butynyl] (3.12 and 2.92%), n-hexadecanoic
acid (5.8 and 5.76%), cis-acetic acid (4.43 and 4.44%), oleic acid (3.94 and 4.02%), oleic
acid amide (3.12 and 3.2%), 1, 2-benzene dicarboxylic acid diisoctyl ether (5.28 and 5.22%),
6-methyl-octadecane (1.96 and 1.16%), 2,6,10-trimethyltetradecane (2.69 and 1.84%) ),
heptacosan (34.16 and 32.15%), 2-hexadecanol (2.25 and 1.76%), 1,2-epoxyhexadecane
(11.11 and 10.65%), nonacosanone-15 (3, 83 and 3.45%).

The spectrum of volatile substances is characterized by a wide range of chemical
compounds. These are oxygen-containing and esterified compounds, saturated heterocycles,
diazo compounds, terpenoids, isoprenoid alkanes.

At the same time, isoprenoid alkanes are among the most typical and biogenic
components. This group includes several dozen hydrocarbons, a characteristic feature of the
structure of which is the location of methyl groups in the linear carbon backbone in positions
upto=2,k+4, k+8, k+12[10].

Some compounds are part of vegetable wax [11, 12]. They are a complex,
multicomponent mixture of relatively simple hydrocarbons (primarily alkanes), wax esters,
as well as fatty acids, alcohols, and ketones.

To some extent, this composition of volatile compounds is associated with their sensory
properties. Some of the identified components, in particular, high molecular weight alkanes
and their oxygen-containing derivatives, can contribute to "Bitter", "Fresh", "Cabbage",
"Fatty" and other notes of cabbage flavor [13, 14].

Also, a significant number of compounds from the volatile substances of cabbage,
including bioactive isoprene, nitriles, aldehydes, and alcohols, phospholipids (cis-vaccenic
acid), show functional properties [15].

Comparative characteristics of changes in volatile substances in cabbage samples

Comparing the differences in changes in volatile substances in the test samples, we can
state the following:

1. The test samples do not differ in qualitative composition, however, have the different
quantitative composition of components.

2. It should be noted that the drying of raw cabbage by drying with mixed heat transfer
caused a decrease in volatile aromatic substances in the test samples.

3. Both samples have the same dominant components, in particular, heptacosane (34.15 and
32.16%), 1,2-Epoxyhexadecane (11.11 and 10.65%). Heptacosane is a volatile waxy
substance with a pungent odor, is part of beeswax [16, 17]. 1,2-epoxyhexadecane is a
waxy substance with an ethereal odor, n-hexadecanoic acid is a saturated fatty acid of the
direct chain, found everywhere in nature in many plants [18, 19].

4. Tt can be noted that the decrease in the content, wt% of components: Nel7 — heptacosane,
(34,15 —32,16), Ne19 — 1,2-epoxyhexadecane (11,11 — 10,659), Ne13 — octadecenamide
3.12 — 3.02), Ne9 — n-Hexadecanoic acid (5.80 — 5.76) eliminates the bitter note of raw
cabbage, greasy taste, softens its aromatic sensations.

5. In dried cabbage there was no decrease in the variety and a significant percentage of
oxygen-containing compounds. All analyzed samples of cabbage contained ketones,
aldehydes (15-Nonacosanone, 2-Pentadecanone, tetradecanal), which introduce aromas
of "green tone", in particular, 15-Nonacosanone with a hint of cut hay.
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Conclusions

Chromato-mass spectrometry (GC / TOF-MS) methods were used to study the profiles of
volatile substances in fresh and dried mixed heat-fed vegetables, in particular, amager
white cabbage to determine differences in qualitative and quantitative composition.

20 volatile substances were identified, including oxygen-containing and esterified
compounds, saturated heterocycles, diazo compounds, terpenoids, isoprenoid alkanes.
Comparison of volatile substances between fresh and dried samples of cabbage allows
asserting the preservation of valuable biological substances of fresh cabbage after drying
with mixed heat supply and to spread this method of processing cabbage with maximum
use of its useful properties.

Therefore, changes in the number of phases and thermodynamic potentials of vegetable
raw materials during mixed heat drying have led to minimal changes in functional volatile
chemical compounds and maximum changes in substances that cause a bitter taste.
Thus, the goal of work on studying the qualitative and quantitative composition of volatile
substances in samples of fresh and dried white cabbage was achieved, which confirmed
the economical conditions of drying with mixed heat.
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