PROCEEDINGS OF THE YEREVAN STATE UNIVERSITY

Chemistry and Biology 2024, 58(2), p. 114-120

Chemistry
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The work is devoted to a comparative study of fatty acids formation in natural
and genetically modified blackberry seeds (collected in the foothill landscapes of
Alaverdi Town, Republic of Armenia, and those of genetically modified
blackberries (Rubus caesius L.), grown in greenhouse conditions in Yerevan City,
harvest of 2023) capable of accumulating them in large quantities in order to justify
the choice of the most valuable oilseed raw material for the production of natural
oils that are in high demand in the food industry and cosmetology.

It has been shown that the oil content of the studied genetically modified
blackberry seeds is about two times higher than that of natural blackberry seeds.
These seeds are the most promising oilseed raw material for the production of
natural oils by the method of cold pressing that are in high demand in cosmetology,
for example, for the production of moisturizing cream for hands and feet based on
chemically pure glycerin.
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Introduction. Fats play an important role in the life of living beings, including
the life of plants. Every living cell always accumulates fat, but oilseed cells
accumulate it in larger amounts [1-3].

With all the diversity of fatty acids (FA), in higher plants the dominant ones
are mainly saturated palmitic FA (C16:0) and two unsaturated FAs — oleic (C18:1)
and linoleic (C18:2). There is a scanty amount of saturated stearic FA (C18:0) in
plants, and acids from C20 to C24 are not always present, and if they are, then in
small amounts. A high content of palmitic FA (C16:0) in phosphatidylglycerins was
also found in vacuolar membranes [4].
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Biological science and agricultural practice have accumulated sufficiently
large material on ways to increase yields of oilseed raw material, however the
regularities of the fat formation process that determine the relative and absolute fat
content in seeds are unclear so far [5-8].

The main difficulty in solving this problem, according to the research of
Prokofiev and other scientists, is associated with the accumulation of fatty acids in
seeds, the content of which, under the influence of various agrotechnical factors,
changes within 10-40% as distinct from the overall yield of the oil, which can also
change dependening on the same factors almost 3-6 times [9, 10].

There is practically no data on the effect of genetic modification on the
guantitative and qualitative parameters of oils extracted from natural and genetically
modified blackberries seeds by cold pressing.

To clarify the impact of genetic modification on the quantitative and
qualitative parameters of oils (seed oil content), we studied the seeds of fresh natural
blackberries collected in the foothill landscapes of Alaverdi Town, Republic of
Armenia, and those of genetically modified blackberries (without thorns) (Rubus
caesius L.) grown in greenhouse conditions in Yerevan, harvest of 2023. Qils from
fresh blackberry seeds were extracted by cold pressing.

The objective of this research was to study the effect of genetic modification
of blackberries (without thorns) on the quantitative and qualitative parameters of
oils extracted from seeds by cold pressing and gas-chromatography (GC), with
preliminary derivatization according to GOST P 51486-99.

Materials and Methods.

Preliminary Preparation, Fruit Squeezing and Juice Purification. As the
object of the study, ripe fruits of natural blackberries (Rubus caesius L.), collected
in the foothill landscapes of Alaverdi Town, Republic of Armenia, and those of
genetically modified blackberries grown in greenhouse conditions in Yerevan,
harvest of 2023, were used.

After sanitizing the production area (class A or B) and washing fresh
blackberries (accurately weighed 1 kg), they were squeezed using a Braun 700 juicer,
which crushed the fruit sample to a particle size that passed through a sieve with a
hole diameter of 0.1 mm.

Removing Traces of Blueberry Pulp and Water-soluble Impurities. The
resulting mixture (0.4 kg of small blackberry seeds and water-soluble impurities)
was washed several times with running water until light pink clean seeds were
obtained and immediately dried first at room temperature, and then in a drying oven
at a temperature of no more than 70°C for 4 h.

Cold Pressing and Squeezing Natural and Genetically Modified Blackberry
Seed Qil. For this purpose, 0.5 kg of each of the studied blackberry seeds was pressed
with Olverk oil press of the OW500s-inox brand. Olverk oil presses are designed for
squeezing various oily seeds by cold and warm pressing.

Oil squeezing of blackberry seeds takes place under the action of mechanical
force without chemical additives at a screw speed of no more than 40 rpm and a
limiting nozzle at the cake outlet with a diameter of 16 mm. The temperature of the
oil at the outlet does not exceed 45°C. The resulting samples of blackberry oils are
kept for 24 h in a household refrigerator at 8°C and filtered with paper filters.
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High purity oils with yellowish tint are obtained. Furthermore, the yield of oil from
genetically modified blackberry seeds (0.40 kg) was almost twice as high as that
obtained from natural blackberry seeds (0.22 kg).

Determination of FA by GC. In GC experiments with the studied blackberry
oils, a Thermo Scientific TRACE 1300 gas chromatograph (USA) with a flame
ionization detector (FID) was used. To separate the components, a Thermo Scientific
TR 5MS column with dimensions of 30 m 0.25 mm (inner diameter), 0.25 m
(film thickness) was used. N2 was used as carrier gas at a flow rate of 1.2 mL/min
in constant flow mode. A sample volume of 2 uL was injected in “splitless” mode.
The injection port was set to 270°C, and the oven temperature was initially set to
40°C for 1 min. The oven temperature was increased to 70°C at a rate of 5°C/min
for 5 min, to 140°C at 5°C/min for 5 min, to 200°C at 5°C/min for 5 min, to 250°C
at 5°C/min for 5 min, and finally to 270°C at a rate of 5°C/min for 5 min.
The maximum oven temperature was set to 270°C.

Preparation of Oil Samples. To prepare samples, 10 L of each oil was
dissolved in 1 mL methanol/water solution at a ratio of 4:1 (v/v), stored at 4°C,
and used as needed.

Preparation of Standard Solutions. Standard solution of the esters of the
following acids — myristic, palmitic, linoleic, oleic, stearic, and that of a tocopherol
mixture were prepared by weighing 10 ug of each standard and dissolving it in 50
mL of methanol/water solution at a ratio of 4:1 [11].

Results and Discussion. The qualitative content of FA contained in the
studied samples of natural and genetically modified blackberries is depicted in
Figs. 1 and 2. The results of gas chiral analysis (Apex retention time (RT), Start RT,
End RT, Area and quantitative content of FA esters) are presented in Tabs. 1 and 2.

aaaaa 3

222222

222222

zzzzzz

uuuuuu

12 6182

60,
160000] L
RT:8.78

111111 f
59.18 |

111111 !
5498 5757 [
4.52

s
159 1
RT4Bas 5265 7

] RT: 4385
RT.
RT:14.85 )
67

RT:3992
EEEEE o
RT: 1776 otz 50 ABJBlL il
"
sssss |oss | F i
i AR
40000 R1.1818 L 2 =) Wl
[ W

RT\8.33
915 f1249 \f 1563 1
776 |2 .
ZZZZZ 254 "'J\L“ T by GO it '
SRR
¢ 8 1D

A I e A A A I A i A A A A s A A A
Time (min)
Fig. 1. GC chromatogram of the studied sample of natural blackberries.

As can be seen from Tabs. 1 and 2, both seeds of natural and genetically
modified blackberries contain methyl hexocanoate (C6:0), methyl undecanoate
(C11:0) and methyl tridecanoate (C13:0) (three identical FAs). Moreover, the
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amount of methylhexanoate (C6:0) in genetically modified blackberry seeds is 9
times greater than in wild blackberry seeds.
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Fig. 2. GC chromatogram of the studied sample of genetically modified blackberries.

Table 1
Quantitative content of fatty acids in the studied sample of natural blackberries
Name of FA esters AFE.?.X SFt:'IIEt ir]? Area % Area NQ::ET St%
Undetermined substance 6.48 6.34 6.65 | 7184159 | 0.14
Methyl hexanoate (C6:0) 8.33 8.27 8.56 | 89073.14 | 0.18 9048
8.78 8.64 8.92 | 357401.3| 0.71
Undetermined substance 11.67 1155 | 11.89 | 189316 0.38
14.85 14.7 14.99 | 199649.6 0.4
17.76 17.7 17.92 | 1393625 | 0.28
Methyl undecanoate (C11:0) 18.18 18.09 18.3 | 33239.94 | 0.07 63
Methyl tridecanoate (C13:0) 2144 | 2136 | 21.66 | 71684.15| 0.14 94
2595 | 25,55 | 26.41 | 12384541 | 24.74
Undetermined substance 36.52 | 35.72 | 36.63 | 30337477 | 60.61
37.74 | 37.36 | 37.94 | 3194031 6.38
38.45 | 38.12 | 3859 | 1682634 3.36
Methyl cis-11-eicosanoate (C20:1) | 39.92 39.8 | 40.09 | 287013.3 | 0.57 308
Methyl behenate (C22:0) 4385 | 43.62 | 44.12 | 541719.1| 1.08 1176
Undetermined substance 45.99 4581 | 46.05 | 2561724 | 0.51

Natural blackberry seeds contain methyl cis-11-eicosanoate (C20:1) and

methyl behenate (C22:0), while genetically modified blackberry seeds are rich in
methyl linolenate (C18:3) and methyl tricosanoate (C23:0), presumably due to
changes in the mechanism of FA synthesis.

Cold-pressed oil, rich in a mixture of above mentioned FAs, can be recom-

mended for the production of moisturizing cream for hands and feet based on
chemically pure glycerin.
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Table 2

Quantitative content of fatty acids in the studied sample of genetically modified blackberries

Apex Start End Amount,
Name of FA esters FET RT RT Area % Area gl + 5%
Undetermined substance 6.48 6.43 6.55 | 125017.7| 0.76
Methyl hexanoate (C6:0) 8.78 8.7 8.94 | 820555.6| 4.97 83350
11.66 11.58 11.78 | 86185.7 0.52
Undetermined substance 14.84 14.77 | 14.96 | 82545.91 0.5
17.75 17.67 17.84 | 36028.96 0.22
Methyl undecanoate (C11:0) 18.17 18.12 | 18.27 | 35356.76| 0.21 67
Methyl tridecanoate (C13:0) 21.43 21.31 | 21.54 | 48363.94| 0.29 63

38.33 3791 | 38.49 | 7619755 | 46.2
38.89 38.61 | 39.01 | 2071701 | 12.56

Undetermined substance

Methyl linolenate (C18:3) 40.23 40.05 | 40.45 | 5257352 3.19 854

Undetermined substance 44,04 43.78 | 44.37 | 786603.9| 4.77

Methyl tricosanoate (C23:0) 46.22 45.84 46.5 | 2299334 | 13.94 4793

Undetermined substance 48.65 48.38 | 48.84 | 1956751 | 11.86
Conclusion.

1. It has been established that genetic modification leads to both quantitative
and qualitative changes in the content of fatty acids in cold pressed oils. In particular,
due to this modification, the synthesis of methyl hexanoate (C6:0) increased almost
tenfold, and the presence of methyl linolenate (C18:3) and methyl tricosanoate
(C23:0) instead of methyl cis-11-eicosanoate (C20:1) and methyl behenate (C22:0)
probably occurred as a result of the change in the mechanism of FA biosynthesis.

2. It is shown that the oil content in the studied genetically modified black-
berry seeds is about two times higher than the oil content in natural blackberry seeds.

3. Consequently, genetically modified blackberries (without thorns) are the
most promising oilseed raw material for the production of natural oils that are in high
demand in cosmetology, for example, for producing moisturizing cream for hands
and feet based on chemically pure glycerin.
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C. A. TAJIASIH, A. C. TIOI'OCAH, JI. A. APCTAMJSIH, A. M. O'AHECSH,
C.T.KA3APSH, M. A. IIEMPAHSH, A. C. JAJASH

CPABHUTEJIBHOE U3YYEHUE OBPA3OBAHUA XMPHBIX KHUCIIOT
B HATYPAJIBHBIX M 'EHETMYECKU MOAMOUILINPOBAHHBIX
CEMEHAX EXXEBUKU

PaboTa nocsiiieHa cpaBHUTEIBHOMY HCCIIEOBAHHUIO 00pa30BaHUs KUPHBIX
KHCJIOT B CEMEHaX HATypaJbHOH M I'€HETHYECKH MOAU(UIMPOBAHHON EKEBUKH,
CIOCOOHBIX HAKAIUIMBATh MX B OOJIBIIHMX KOJUYECTBAX, C IICIbI0 000CHOBaHMS BEIOOpa
HanboJiee [EHHOTO MAaCIMYHOTO CBHIPhS Ui TPOU3BOJCTBA HATYPaJbHBIX Macel,
MMEIOIIUX HOBBILIICHHBIN CIIPOC B MUILEBON NPOMBILIUIEHHOCTH U KOCMETOJIOTHH.

OOBeKTOM HCCIENOBaHU SBISUIMChH CEMEHAa CBEXHX HATypalbHBIX U
IeHeTUYSCKH MOAM(HUIMPOBAHHBIX IUIONOB YepHOM exeBuku (Rubus caesius L.)
coOpaHHBIX Ha MPearopHbIx Janmamadrax r. Amasepau (PecrnyOmuka ApmeHus) u
BBIPAILICHHBIX B TEIUIMYHBIX ycIoBUsX I'. EpeBaHa, ypoxas 2023 r. Lensro uccne-
JOBaHUS SBISUIOCH W3y4YCHUE BJIMAHUS TEHETHYECKOM MoauduKanuu pacTeHUs
eXeBUKU (0e3 MIMIMOB) Ha KOJIMYECTBEHHbIE M Ka4eCTBEHHBIC ITOKA3aTeNlH Maced,
BBIJICJICHHBIX 3 CEMSH METOAOM XOJIOAHOTO MPECCOBAHMS.

[NokazaHo, 4TO MaCITMYHOCTh UCCIICOBAHHBIX CEMSH TeHETHYECKH MOAUDUIIN-
POBaHHOH €KEBUKHM IPUMEPHO Ha 2 pa3a O0JIbIIe MACTUYHOCTH CEMSIH HATyPaIbHOM
©XKEBUKH, a 3HAYUT OHU SBIAIOTCS HanOOoee NePCIEKTUBHBIM MAaCIMYHBIM ChIPhEM
JUIs TIPOM3BOJICTBA HATYPaJbHBIX Macejl, HMEIOIIMX IOBBIIICHHBIA CHOPOC B
KOCMETOJIOTHH, HAllpUMep JJIsl IPOU3BOJICTBA YBIAKHSIIOIIETO Kpema JUIsl PyK M HOT
Ha OCHOBE XMMHUYECKH YHCTOTO IIIHMLEPUHA.



