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Abstract: In the present work, triacylglycerol and fatty acid compositions ofImpatiens balsamina L. and Impatiens walleriana Hook.f. seed 
oils were determined using reverse phase high performance liquid chromatography with both refractive index and spectrophotometric 
detections. The presence of conjugated octadecatetraenoic moieties was confirmed by UV and IR spectroscopy. Triacylglycerol (TAG) 
compositions were performed using an incremental approach and confirmed by the results of MS and electronic spectra. The quantitative 
analysis of TAG was achieved by careful calibration, introducing correction factors for the sensitivity of each compound. The results 
showed that both Impatiens seed oils contain the same 23 TAGs. The mole fraction of 15 TAGs containing conjugated moieties was 
more significant than 88% (for Impatiens balsamina L.) and 81% (for Impatiens walleriana Hook.f.). Seed oils of Impatiens balsamina and 
Impatiens walleriana contain 43.44% and 36.12% mole of conjugated octadecatetraenoic fatty acids, respectively. These conjugated fatty 
acids were determined to be a-parinaric (C18:49Z,11E,13E,15Z) and р-parinaric (C18:49Z,11E,13E,15Z), in which isomer р-parinaric represents 
23.21% and 26.27% of conjugated octadecatetraenoic acids for I. balsamina and I. walleriana seed oils, respectively. In addition, the 
mole fraction of a-linolenic acid in both seed oils was also abundant at 24.5% and 28.2% for I. balsamina and I. walleriana. Therefore,
I. balsamina L. and I. walleriana seed oils are potential sources of polyunsaturated fatty acids, especially conjugated octadecatetraenoic 
acids.
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1. Introduction
Unsaturated fatty acids are nutritional components providing the body with specific health benefits. Both monounsaturated 
and polyunsaturated fatty acids (PUAF) are essential acids that the body needs to maintain brain function and cell growth 
and reduce the risk of cardiovascular disease [1]. In particular, conjugated fatty acids have been shown to possess many 
valuable biological activities, including anticarcinogenic [2], antiatherogenic, antiinflammatory [3], and antidiabetic effects 
[4] and immune-modulating properties [5]. Conjugated fatty acids are synthesized in nature mainly in several forms, 
such as conjugated linoleic acids (CLAs), conjugated linolenic acids (CLnAs), and conjugated stearidonic acids (CSAs). 
CLAs usually exist mainly in dairy products with tiny concentrations, making them difficult to extract and commercialize, 
while CLnAs and CSAs were found as major components in some seed oils [6]. Conjugated stearidonic acid has been 
biosynthesized from stearidonic acid via microbial enzyme activity [7]. a-parinaric (C18:49Z,11E,13E,15Z) and acid ^-parinaric 
(C18:49E,11E,13E,15E) -  a pair of CSA were found in some plant seed oils and algae. CSAs, like the other conjugated fatty acids, 
showed anticarcinogenic activity in vitro, including monocytic SW480 colon cancer cells, leukaemia cells, and malignant 
gliomas [8-10].

Analysis of the TAG composition plays an essential role in evaluating the quality of seed oils because of several 
advantages. Firstly, analyzing TAG compositions provides information on fatty acid composition in the oil without 
transferring TAGs to methyl esters. The conversion of some PUFAs to fatty acid methyl esters could cause changes in the 
fatty acid compositions, such as their isomerization, oxidation, and decomposition. According to the literature results 
[11,12], conjugated fatty acids were isomerized in acidic and basic reagents during the transformation of TAGs to methyl 
esters. In addition, the analysis of TAG compositions provides information on the moieties distribution in a series of TAGs,
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an important feature that can be used in the falsification analysis of fat samples [13,14]. Reverse phase high performance 
liquid chromatography (RP HPLC) was demonstrated to be suitable for analyzing TAG compositions of seed oils, especially 
for TAG containing chemically highly labile conjugated unsaturated acid substituents [11,15].

Impatiens L. is one of the enormous genera of seed plants of flowering plants in the family Balsaminaceae containing 
more than 1000 species [16]. The seeds of some Impatiens species have high oil yields, a principal constituent of which 
is unusual conjugated fatty acid as known parinaric acid [17, 8]. The Impatiens balsamina L. and Impatiens walleriana 
Hook.f. are species of horticultural value and widely cultivated in many regions. a-parinaric acid was found in the seed oil 
of I. balsamina using 13C nuclear magnetic resonance spectroscopic analysis [18] and gas chromatography [19]. However, 
the information on the TAG and fatty acid compositions of the seed oils of the two species has lacked. This study aims to 
determine the qualitative and quantitative compositions of triacylglycerols and fatty acids of Impatiens balsamina L. and 
Impatiens walleriana Hook.f. using RP HPLC.

2. Material and method
2.1. Reagents and sample collection
Seeds of Impatiens balsamina L. and Impatiens walleriana Hook.f. were collected in Lao Cai, Vietnam, in 2020. Linseed oil 
was purchased through the Aromarti.ru online store. All seed samples were stored in brown glass bottles until analysis.

HPLC grade acetonitrile, acetone, and propan-2-ol were obtained from Sigma-Aldrich. Other reagents for extraction 
and purification were all reagents grade without further purification.

2.2. Oil extraction and purification
The seed oil of Impatiens balsamina L. and Impatiens walleriana Hook.f. (2.0 g) were extracted with 10 mL of n-hexane by 
grinding in a porcelain mortar at room temperature. The process was repeated 8 times, and the combined portions were 
filtered through a paper filter, and the solvent was evaporated to constant mass. Oil contents of Impatiens balsamina L. 
and Impatiens walleriana Hook.f. seeds were determined to be 27.3 ± 0.2% and 23.5 ± 0.3% (n = 3), refractive index 
= 1.5011 and 1.4995, respectively.

Extracted oils were purified by solid-phase extraction on DIAPAK C cartridges (BioChemMak ST, Moscow) using 
silica gel for the stationary phase. For the purification [20], 200 mg of seed oils were dissolved in 20 mL n-hexane, and the 
solution was passed through the cartridge. The desorption was performed by 4 mL of acetone.

2.3. Chromatographic conditions
For the separation of TAGs, Shimadzu LC20 chromatographic system with refractive index detector (RID 10A) and an 
Agilent 1200 Infinity chromatograph system with diode array and MS detectors were used. Chromatograms were recorded 
using mobile phases of the systems “acetonitrile-propan-2-ol” and “acetone -  acetonitrile” for refractive index (RI) and 
DAD detector, respectively. The speed of the mobile phase was 0.8 mL/min; chromatographic columns of 250 x 4.6 
mm Kromasil 100-5C18 (for HPLC with spectrophotometric detection) and 150 x 2.1 mm Kromasil 100-5C18 (for MS 
detection) were used at a thermostat temperature of 30°C.

Mass spectrometric detection (6130 Quadrupole MS, Agilent) was carried out in the atmospheric pressure chemical 
ionization mode under standard conditions at a fragmentor voltage of 150 V; signals were recorded for positively charged 
ions. The Kromasil 110-3.5C18 2.1 x 150 mm column was used, the mobile phase speed was 0.1-0.2 mL/min, and the eluent 
system was acetonitrile- propanol-2 with additions of ammonium formate (HCOONH4) 0.2 mM. All the chromatograms 
were performed in isocratic mode. The MagicPlot Student software was used for the resolution of “problem” (with a low 
value of RS) TAG.

2.4. Qualitative and quantitative analysis of TAG
The TAG compositions of two Impatiens seed oils were performed by the incremental approach [21, 22] based on the 
retention parameters, and the compositions of TAG were confirmed using the information on both their molecular ions 
of MS and electronic absorption spectra. The capacity factors (k) were deduced using column void time ( t ), calculated by 
the homologous series method [23]. In the present work, the retention time of series Pr3 - Pr2Ln - PrLn2 - Ln3 was used, and 
void time (to) was calculated to be 2.625 min and 2.358 min for Shimadzu LC20 chromatographic and Agilent 1200 Infinity 
chromatography systems, respectively in current conditions.

Mole fraction of TAGs on the chromatogram was performed by the formula: 
s.i
к■

at TAG A = ------  — X 100

I f  ,
I K l ’
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where S. -  corresponding peak area, 
a(TAG.) -  mole fraction of TAG.,
к  -  the correction coefficient for г-peak; for UV detector, k. -  the number of conjugated octadecatetraenoic acid substituents 
in TAG; and for RI detector, the correction coefficients were taken into account in the calculations, which take into account 
the change in the response of the refractometric detector with a change in the TAG composition, proposed in [24].

Mole fraction of fatty acid was calculated using mole fractions of all TAGs, taking into account the numbers of the acid 
substituents (n.), in each TAGs:V

2.5. Spectrophotometric measurement
The electronic absorption spectra of Impatiens balsamina L. and Impatiens walleriana Hook.f. n-hexane seed oils extract
were performed by quartz cells (1 cm) on a LAMBDA 365 UV/Vis Spectrophotometer.
The FTIR spectra of clean oils were recorded by Spectrum Two FT-IR Spectrometer from 400 cm-1 to 4000 cm-1.

2.6. Abbreviation of triacylglycerols and fatty acid
TAGs were abbreviated by letters representing fatty acid moieties without specification of their position in the molecule: 
a-Pr represents the radical of C18:49Z,11E,13E,15Z (a-parinaric acid); a-Ln-C18:3 9Z>12Z>15Z (linolenic acid); L-C18:3 9Z,12Z (linoleic 
acid); O - C18:19Z (oleic acid); P - C16:1 (palmitic acid); and S - C18:0 (stearic acid). For example, the formula, Ln2L
represents a TAG with two substituents of linolenic acid and one of linoleic acid.

All results of TAG and fatty acids compositions were performed by triplicate measurements and expressed as mean ± 
standard deviations.

3. Results and discussion
3.1. Confirmation of the presence of conjugated fatty acid moieties
According to the presence of a-parinaric in some Impatiens species seed oils, in this study, conjugated octadecatetraenoic 
acids in the seed oils of Impatiens balsamina and Impatiens walleriana were confirmed using UV and IR spectroscopy 
due to the specificity of conjugated fatty acid spectra. The n-hexane extracts of two seed oils were recorded and shown in 
Figure 1.

The ultraviolet spectra of two Impatiens seed oils were observed with the absorption maxima at 293, 305, and 319 nm, 
characteristic of conjugated tetraenoic compounds [10-11]. The maxima absorption of I. walleriana seed oil slightly shifts 
to a shorter wavelength, indicating the different content of conjugated tetraenoic acid isomers. In addition, conjugated 
fatty acid exhibits different selective absorption in the 950-1000 cm-1 region of the infrared spectrum, in which IR spectra 
of conjugated octadecatetraenoic fatty acid are not unlike spectra of conjugated trienoic acids [27]. In this work, the FTIR 
spectra of two Impatiens seed oils were studied and shown in Figure 2.

Both infrared spectra of these seed oils have typical features of triacylglycerols, containing high-level unsaturated 
fatty acids. The 2800-3020 cm-1 region was observed with strong bands due to the C-H stretching absorptions of 
the -CH2- and CH3- groups of the fatty acid moieties and the C-H stretching absorption of -CH =CH - at 2855 cm-1; 
Around 1750 cm-1, strong stretching absorption (C=O ) was observed. Moreover, IR spectra of two seed oils have 
two absorption bands in the 950-1000 cm-1 region (995 and 953 cm-1), assigned to conjugated C=C [27]. These UV 
and FTIR spectra results confirmed the presence of conjugated tetraenoic moieties in the oils of I. balsam ina  and I. 
w alleriana  seed.

3.2. Determination of TAG components of Impatiens seed oils
Due to the presence of conjugated tetraenoic moieties in seed oils of two Impatiens species, TAGs can be recorded on the 
chromatogram using a spectrophotometric detector, and a diode-array detector is a powerful tool in peak identification 
and confirmatory analysis. However, before using spectrophotometric detection, it is necessary to ensure the absence or 
estimate the proportion of TAGs that do not contain conjugated acid radicals using refractometric detection. For this 
purpose, TAGs of Impatiens seed oils were separated using isocratic elution mode with a mobile phase of acetonitrile and 
acetone.

Because of the existence of a-linolenic acid in seed oils of some Impatiens species [19], the chromatogram of I. walleriana 
seed oil was recorded under the background of the linseed oil chromatogram using RI detector and shown in Figure 3.
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On the chromatogram (Figure 3A), 23 TAGs were separated and determined using the incremental approach [21]. The 
results of processing the peak retention parameters and TAG components are presented in Table 1. The results showed that 
the same changes in TAG structures correspond to the same increments - for replacing linolenic acid (Ln) with linoleic 
acid (L) (0.103 logarithmic units); linoleic acid (L) with oleic acid (O) (0.118 logarithmic units), oleic acid (O) with 
palmitic acid (P) (0.027), and palmitic acid with stearic acid (0.112). At the same time, moiety X  of I. walleriana seed oil, 
significantly eluted earlier than linolenic moiety, indicated that moiety X  contains more than three C=C double bonds. 
According to the UV and IR spectra results above, moiety X  should be a conjugated octadecatetraenoic substituent. As 
shown in Figure 3, the separation of 23 TAGs was performed by current chromatography condition. However, two TAG 
pairs, XLP+XLnS and XLS+XOP were not completely separated; their retention time and peak area were handled by 
Magicplot Student software, representing individual components by unmodified Gaussians (Figure 1S in Supplementary 
Information).

As shown in Figure 3, conjugated octadecatetraenoic isomers in seed oils could not be determined using a RI detector 
due to the separation problems. However, based on the electronic absorbance specific to conjugated double bond moieties, 
the aspect of determining the configuration of conjugated tetraenoic acid was discussed using diode-array and MS 
detectors. The separation of TAG components with the mobile phase of propan-2-ol and acetonitrile at two wavelengths 
was shown in Figure 4.

In the case of detection at 304 nm (Figure 4A), only the peaks of TAGs containing the conjugated octadecatetraenoic 
moieties were visible; those with nonconjugated acid substituents cannot be detected directly. Thus, the proportion of 
TAGs according to the peak areas at 304 nm was somewhat different from that for refractometric detection. Indeed, the 
area ratio of pair X2Ln and XLn2 has a remarkable change when comparing two chromatograms recorded by different 
detectors. In addition, detection at 210 nm allows visibility of TAGs containing either linolenic or octadecatetraenoic acid 
substituents, although the sensitivity towards conjugated tetraenoic compounds decreases significantly compared with the 
detection at 304 nm. As a result, the proportion of TAG peak areas at 304 nm and 210 nm is significantly different. This 
information also confirmed the simultaneous presence of conjugated octadecatetraenoic and linolenic moieties in the seed 
oil.

Based on the retention time parameters of separated peaks, the TAG components were worked out using an incremental 
approach and listed in Table 2.

The results of TAG compositions determined using an incremental approach were also confirmed by the mass spectra 
parameters obtained for the molecular ion [M+H]+ and electronic absorption spectra (Table 2). The TAGs of the 20 peaks 
(numbered in Figure 4) have undifferentiated electronic absorption spectra with three maximum absorbances at 293, 305, 
and 320 nm, indicating the presence of conjugated octadecatetraenoic moieties as known a-parinaric (C18:49Z,11E,13E,15Z) in 
these TAGs. Moreover, there are “duplicates” of the main peaks with slightly increased retention times (marked with the

A

2.0

1.5 

1.0 

0.5 

0.0
230 250 270 290 310 330 350

wavelength (nm)
Figure 1. Ultraviolet absorption of n-hexane extract seed oils; a- 
Impatiens balsamina; b- Impatiens walleriana.
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Figure 2. FTIR spectra of two Impatiens seed oils 1- Impatiens balsamina; 
2- Impatiens walleriana.

tR (m in)

Figure 3. Chromatograms of Impatiens walleriana and Linseed oils 
Column 4.6x 250 mm Kromasil 100x 5C18, mobile phase compositions: 
acetonitrile: acetone (3:7, v/v), 0.8 mL/min, refractometric index detector, 
peak numbers seen in Table 1.

Figure 4. Chromatograms of I. walleriana seed oils.
DAD detector, mobile phase: 35% propan-2-ol in acetonitrile; speed 0.8 
mL/min; Chromatogram A was registered at \=304nm; A+: at \=210nm 
(with 100 times increasing of the intensive); ‘a’ and ‘b’ mark TAGs in 
which one and two a-parinaric moieties were replaced by p-parinaric 
moieties, respectively.
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Table 1. Chromatography parameters and TAG components of I. walleriana seed oil.

No TAGs tR (min) logk
Increments A(j^i) (± 0.002)

X_Ln Ln_L L_O O_P P_S

1 X3* 7.710 0.140

2 X2Ln 8.637 0.222 0.082

3 XLn2 9.755 0.303 0.082

4 X2L 10.100 0.326 0.104

5 Ln3
11.135 0.387 0.083

6 XLnL 11.523 0.408 0.082 0.104

7 X2O 12.270 0.445 0.119

8 Ln2L 13.281 0.491 0.084 0.104

9 XL2
13.762 0.512 0.104

10 XLnO 14.136 0.527 0.082 0.119

11 XLnP 14.828 0.553 0.027

12 LnL2 15.953 0.594 0.102

13 Ln2O 16.404 0.609 0.082 0.118

14 XLO 17.038 0.629 0.103

15 XLP 17.928 0.656 0.103 0.027

16 XLnS 18.232 0.665 0.112

17 LnLO 19.890 0.711 0.082

18 XO2 21.317 0.747 0.117

19 XLS 22.237 0.768 0.103 0.112

20 XOP 22.500 0.774 0.118 0.028

21 L2O 24.390 0.815 0.104

22 LnO2 25.160 0.830 0.084 0.119

23 LnOP 26.490 0.856 0.026

Mean value 0.083 0.103 0.118 0.027 0.112

linseed

* X- conjugated octadecatetraenoic moiety

letters “a” and “b”). tte se  electron absorbances of “duplicates” peaks are characterized by a slightly hypochromic shift of 
the absorption band, and these peaks have identical mass spectra indicating the replacement of one moiety from trans- to 
cis- configuration. For example, three peaks No 2, 2a, and 2b in Figure 4 had identical MS spectra with the molecular ion 
of 869.5 ([M+H]+) and electron absorbances with the maximum at 305, 304, and 302.5 nm, respectively. tterefore, these 
peaks No 2, 2a, and 2b were assigned as aPr2Ln, aPr^PrLn, and ^Pr2Ln.

A distinctive feature of the electronic spectra of conjugated polyene compounds is their electronic-vibrational structure 
[28], the bands which correspond to electron transitions from the ground vibrational state of the ground electronic state 
into several different vibrational states of the first excited electronic state due to the “verticality” (i.e. delay in the change in 
the nuclear configuration when the electronic configuration changes). Following the empirical rules, a hypsochromic shift 
of the absorption maxima should be observed when the trans-configuration replaces the cis-configuration. In the case of 
octadecatetraenoic acids, the electronic spectra recorded in the detector cuvette (as shown in Figure 5) have an electronic- 
vibrational structure characteristic of conjugated tetraene compounds with three maxima absorbent at 293, 305, and 320 
nm (for a-parinaric acid) while for ^-parinaric moiety with all trans-conformation at 290, 302 and 317 nm.
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According to the literature data, both the stereochemistry of the double bond and the number of double bonds in the 
conjugated system affected the position of maximum electronic absorbance. There is an approximate dependence between 
the wavelength of the absorption maximum and the length of the conjugation chain. According to the literature data [29], 
conjugation causes a bathochromic shift of the absorption band, proportional to the number of double bonds C=C of the 
conjugated system in the chromophore of the molecule. Between the squares of absorption maxima wavelengths and the 
number of double bonds in a conjugated system for a similar configuration of these C=C bonds had the dependence:

X 2= А + Bxn ,мах

where n is the number of double bonds in conjugation in the chromophore of the molecule.
In the present work, this relationship was confirmed using the spectra of the number of conjugated moieties with 

complete trans configuration: tetraenoic (^-parinaric acid C18:49E,11E,13E,15E) (present in this work), trienoic (^-eleostearic 
acid C18:39E,11E,13E) [15] and dienoic (C18:29E,11E) [30] (as shown in Figure 6). There are three cusps of electronic spectra of 
pure conjugated trienoic and tetraenoic moieties, while these three cusps of conjugated dienoic acid were overlapped and 
carefully separated by the unmodified Gaussians function.

According to the results of fatty acid composition of I. Balsamina determined by GC-FID [19], the molar fraction of 
parinaric acid slightly exceeds 27%. In the present work, TAG compositions of this oil were determined using both DAD 
and RID detectors.

The chromatograms of I. Balsamina seed oils for DAD and RID detectors, processed by MagicPlot Student with the 
representation of individual components by unmodified Gaussians, were shown in Figures 7 and 8. The calculated TAG 
composition was obtained using the incremental approach and listed in Figures 7 and 8. The calculation and retention 
parameters of TAGs separation were shown in Supplementary Information (Table S1 and S2).

According to the presented data, TAG compositions of I. Balsamina and I. Wavariana were almost the same. On the 
chromatogram of I. balsamina of both RID and DAD detectors, the most insensitive peak was assigned for di-a-parinaric- 
linolenoate, significantly different from I. walleriana seed oil.

On the chromatogram, there were also ‘duplicate’ peaks (marked by peaks ‘a’ and ‘b’) accomplished the prominent peaks 
with hypochromic electron spectra and the same mass spectra, indicating the replacement of one a-parinaric by ^-parinaric 
radical. Indeed, peaks marked as ‘a’ and ‘b’ indicated that ^-parinaric radicals replaced one and two a-parinaric, respectively.

3.3. Determination of the quantitative TAGs and fatty acid composition
For the spectrophotometric detector, TAG quantitative composition with different chromophores could be obtained by 
considering that the peak areas are directly proportional to TAG mole fractions and the number of chromophores radicals 
at isosbestic wavelength [31]. Due to the simultaneous presence of a and ^-Parinaric moieties, isosbestic wavelength may 
be calculated according to the method in our works [30]. The electronic absorbance spectra of three TAGs, named aPrLn2 

(peak 3 in Figure 4), ^PrLn2 (peak 3a in Figure 4), and aPr^PrL (peak 4a in Figure 4), were used. The normalization of the 
peak 3 and peak 3a spectrum gives functions FaPr(X), FpPr(X) of pure a-parinaric and ^-parinaric acid derivatives, respectively. A 
similar procedure for the electronic spectra of aPr^PrL obtained FaPrpPr(X)(exp). Besides, the function FaPr|3Pr(X) could be achieved 
by normalization of the sum of the two functions, taken with the sensitivity coefficient, g, at the experimental Xmax value:

The coefficient “g” was determined based on the mean least-square deviation between the calculated and experimental 
spectra in which the summation covered all wavelengths from 230 to 320 nm. Several different sets of spectra registered 
in several mobile phase compositions were used to calculate the coefficient g value, 1.065 ± 0.004. The plotting normalized 
spectrum FaP r(X) and the spectrum FpPr(X)xg on the same graph allows finding the isosbestic point in the place of junction 
of the two spectra. Three isosbestic wavelengths were 306, 310, and 319 nm (as shown in Figure 9).

The aspect of quantitative TAGs composition consists of using UV detector not allowing the detection all TAGs, not 
containing conjugated moieties, and the using RF detector not allowing to separate all isomers of conjugated moieties. Therefore, 
in the present work, we combine the results of UV and RF detectors for quantitating TAGs compositions of two seed oils. For 
the UV detector, the chromatograms of two species of Impatiens seed oils were registered at isosbestic points (306 nm), and the 
peak areas were used to determine mole fractions of TAGs without introducing correction factors to the sensitivity of each TAG. 
For RI detector, the sensitivity of the detector with various TAGs was estimated by the sensitivity value calculated using the 
difference in the refractive indices of TAGs, obtained by ChemSketch program and the refractive index of the given composition 
of the mobile phase [24]. The results of calculating the mole fraction of TAG compositions for Impatiens balsamina L. and 
Impatiens walleriana Hook.f. seed oils by refractometric and spectrophotometric detections were presented in Table 3.
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As presented in Table 3, the mole fraction of TAGs, not containing conjugated tetraenoic moieties was less than 12% 
(for I. balsamina) and 19% (for I. walleriana). For both Impatients seed oils, the most dominants TAGs (mole fraction is 
greater than 6%) were Pr2Ln, PrLn2, Pr2L, PrLnL, Pr2O, and PrLnO. Based on the mole fraction of TAGs, the fatty acid 
composition of two seed oil was determined and listed in Table 4.

Both two seed oils are abundant sources of polyunsaturated fatty acids, especially the mole fraction of conjugated 
octadecatetraenoic and linolenic acids were more than 36 and 24%, respectively. The lack of visible nonconjugated moieties 
in UV detector could explain the significant difference in the mole fraction of fatty acids for the seed oil between 2 detectors. 
The conjugated octadecatetraenoic in these seed oils was parinaric acids, in which the main isomer was a-parinaric. 
Based on the UV detector results, mole fraction в -parinaric acid was calculated at 23.21% and 26.27% of conjugated 
octadecatetraenoic acids for I. balsamina and I. walleriana, respectively. t t e  fatty acid composition of I. balsamina seed oil 
in this work was consistent with the results determined by GC-FID in the literature [19].

Table 2. Chromatography and mass spectra parameters and TAG components of seed oils I. walleriana.

No* TAGs tR(min) logk

Increments A(j^i) (± 0.002)

[M+H] +
aPr_Ln Ln_L L_O O_P P_S

1 aPr3 8.429 0.410 867.3

2 aPr2Ln 9.775 0.497 0.087 869.5

3 aPrLn2 11.413 0.584 0.087 871.5

4 aPr2L 12.244 0.622 0.125 871.8

6 aPrLnL 14.416 0.708 0.086 0.124 873.1

7 aPr2O 16.134 0.766 0.144 873.4

9 aPrL2 18.369 0.831 0.123 875.4

10 aPrLnO 19.126 0.852 0.085 0.143 875.5

11 aPrLnP 20.509 0.886 0.034 850.5

14 aPrLO 24.619 0.975 0.123 877.7

15 aPrLP 26.485 1.010 0.124 0.035 852.4

16 aPrLnS 27.237 1.023 0.137 877.7

18 aPrO2 33.282 1.117 0.143 879.2

19 aPrLS 35.364 1.146 0.123 0.136 879.4

20 aPrOP 35.986 1.154 0.144 0.036 883.4

Mean value 0.087 0.124 0.144 0.035 0.136

* t t e  peak number was listed in Figure 4.

A  1 II I

250 2 7 0  2 90  310  330

Figure 5. Electronic spectra of TAG PrL2
Radical Pr: I - a-parinaric and II - р-parinaric acids. Solvent: 35:65% v/v propan-2-ol and CH3CN.
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Table 3. t t e  composition of the main TAGs of two species Impatiens seed oils.

TAGs

Mole fraction of TAGs, % (±0.12, n = 3)

Impatiens balsamina L. Impatiens walleriana Hook.f.

RID detector UV detector RID detector UV detector

Pr/ 0.43 0.27 0.63 0.23

Pr2Ln 18.23 19.17 12.03 16.71

PrLn2 9.11 13.18 11.91 14.49

Pr2L 13.31 11.64 8.65 9.93

Ln3
1.47 _** 1.54 -

PrLnL 8.17 10.00 11.17 11.6

p ^ o 7.41 6.79 6.58 6.62

Ln2L 0.65 - 1.29 -

PrL2 1.79 2.10 2.94 2.30

PrLnO 7.17 8.97 10.71 9.34

PrLnP 5.28 7.71 3.34 7.14

LnL2 1.06 - 1.64 -

Ln2O 0.70 - 1.07 -

PrLO 4.23 4.60 1.96 4.54

PrLP 3.57 2.64 2.78 2.95

PrLnS 3.57 5.49 1.69 5.92

LnLO 1.15 - 1.10 -

PrO2 3.78 3.85 2.39 4.09

PrLS 2.20 1.63 2.02 1.83

PrOP 2.25 1.96 2.87 2.34

L2O 0.89 - 1.93 -

LnO2 0.90 - 6.85 -

LnOP 2.66 - 2.92 -

* Pr -  parinaric moiety, including a  and в  parinaric. 
** - not detected.

Table 4. Impatiens oil composition calculations for UV and RF detection after corrections.

Fatty acid

Mole fraction of acids, %

Impatiens balsamina Impatiens walleriana

RF UV [19] RF UV

(Pr) С18:4 43.45 ± 0.87 46.05 ± 0.14 27.51 36.72 ± 0.70 44.58 ± 0.18

(Ln) С18:3 24.50 ± 0.43 25.90 ± 0.09 27.90 28.20 ± 0.33 26.55 ± 0.13

(L) С18:2 13.59 ± 0.25 11.57 ± 0.15 16.59 14.00 ± 0.19 11.80 ± 0.14

(О) С18:1 11.94 ± 0.31 10.00 ± 0.08 15.78 15.87 ± 0.22 10.34 ± 0.11

(P) С16:0 4.59 ± 0.13 4.10 ± 0.05 7.36 3.97 ± 0.14 4.15 ± 0.08

(S) С 18:0 1.92 ± 0.11 2.37 ± 0.06 4.06 1.24 ± 0.10 2.58 ± 0.05
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Figure 6. Wavelength squared of the absorption maxima for various conjugated moieties vs. the number of double bonds in the 
conjugated system.
a- electronic spectra of 10E,12E-octadeca-10,12-dienoic acid; b- electronic spectra of 9E,11E,13E-octadeca-9,11,13-trienoic acid 
C18:39E,11E,13E; c- electronic spectra of 9E,11E,13E,15E-octadeca-9,11,13,15-trienoic acid C18:49E,11E,13E,15E.

mV

600 -

Figure 7. Chromatogram of Impatiens balsamina seed oils Column 4.6x 250 mm Kromasil 100x 5C18, mobile phase 
compositions: acetonitrile: acetone (5:13, v/v), 0.8 mL/min, refractometric index detector; TAG composition: 1. Pr3; 2. Pr2Ln; 3. 
PrLn2; 4. Pr2L; 5. Ln3; 6. PrLnL; 7. Pr2O; 8. Ln2L; 9. PrL2; 10. PrLnO; 11. PrLnP; 12. LnL2 13. Ln2O; 14. PrLO; 15. PrLP; 16. PrLnS; 
17. LnLO; 18. PrO2; 19. PrLS; 20. PrOP; 21. L2O; 22. LnO2; 23. LnOP. ^ e  chromatogram was processed by MagicPlot Student.
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Figure 8. Chromatogram of I. walleriana seed oils; DAD detector at 306 nm, mobile phase: 35% propan-2-ol 
in acetonitrile ; 0.8 mL/min; TAG composition: 1-aPr3; 2- aPr2Ln; 3- aPrLn2; 4- aPr2L; 5- aPrLnL; 6- aPr2O; 
7- aPrL2; 8- aPrLnO; 9- aPrLnP; 10- aPrLO; 11- aPrLP; 12-aPrLnS; 13- aPrO2; 14- aPrLS; 15- aPrOP ‘a’ and 
‘b’ mark TAGs in which one and two a- parinaric moieties were replaced by p- parinaric moieties, respectively.
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Figure 9. Comparison of the spectra of TAGs 
containing a-parinaric and p-parinaric moities with 
the correction factor. The ratio of extinction coefficients 
for a and р-parinaric radicals is determined to be g =
1.065 ± 0.004, and the isosbestic points are at 306, 310, 
and 319 nm.

4. Conclusion
The present work confirmed the presence of conjugated octadecatetraenoic moieties in two species Impatiens seed oils 
using UV and IR spectroscopy. The compositions of triacylglycerols and fatty acids of I. balsamina and I. walleriana seed 
oils were determined by reversed-phase high pressure chromatography using both UV and RI detectors using incremental 
approach and confirmed by MS and electronic spectra parameters. For both seed oils, the chromatogram of 23 TAGs
in RI detector was achieved with the mobile phase of acetone and acetonitrile, while 15 TAGs containing conjugated

2
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moieties were separated and determined using mobile phase of acetonitrile and propan-2-ol. The results showed that the 
mole fraction of TAGs, not containing conjugated tetraenoic moieties was less than 12% (for I. balsamina) and 19% (for I. 
walleriana). For two Impatiens seed oils, the most abundant TAGs (more than 6% mole) were Pr2Ln, PrLn2, Pr2L, PrLnL, 
Pr2O, and PrLnO. Based on the results of fatty acid compositions using two detectors, I. balsamina seed oil contains 43.45% 
parinaric acid (including 33.37% a-parinaric and 10.08% ^-parinaric acid), 24.5% linolenic acid, 13.59% linoleic, 11.94% 
oleic acid, and 6.51% unsaturated fatty acid substituents, while for I. walleriana seed oil contains 27.07%, 9.65%, 28.20%, 
14.00%, 15.87% and 5.18% of a-parinaric, ^-parinaric, linolenic, linoleic, oleic and saturated fatty acid, respectively. 
Therefore, these Impatiens seeds are a valuable potential source of oils containing the enrichment of biologically active 
substances.

Acknowledgment
t t e  study was supported by t t e  Youth Incubator for Science and Technology Program, managed by Youth Development
Science and Technology Center - Ho Chi Minh Communist Youth Union and Department of Science and Technology of 
Ho Chi Minh City, the contract number is “20/2021/HD-KHCNT-VU’”.

References

1. Kaur N, Chugh V, Gupta AK. Essential fatty acids as functional components of foods- a review. Journal of Food Science and Technology 
2014; 51 (10): 2289-2303. doi: 10.1007/S13197-012-0677-0

2. Yuan GF, Chen XE, Li D. Conjugated linolenic acids and their bioactivities: A review. Food and Function 2014; 5 (7): 1360-1368. doi: 
10.1039/c4fo00037d

3. Koba K, Akahoshi A, Yamasaki M, Tanaka K, Yamada K, et al. Dietary conjugated linolenic acid in relation to CLA differently modifies 
body fat mass and serum and liver lipid levels in rats. Lipids 2002; 37 (4): 343-350. doi: 10.1007/s11745-002-0901-7

4. Lansky EP, Harrison G, Froom P, Jiang WG. Pomegranate (Punica granatum) pure chemicals show possible synergistic inhibition of 
human PC-3 prostate cancer cell invasion across MatrigelTM. Investigational New Drugs 2005; 23 (2): 121-122. doi: 10.1007/s10637-005- 
5856-7

5. Salsinha AS, Pimentel LL, Fontes AL, Gomes AM, Rodriguez-Alcala LM. Microbial Production of Conjugated Linoleic Acid and 
Conjugated Linolenic Acid Relies on a Multienzymatic System. Microbiology and Molecular Biology Reviews 2018; 82 (4): doi: 10.1128/ 
mmbr.00019-18

6. Hennessy AA, Ross PR, Fitzgerald GF, Stanton C. Sources and Bioactive Properties of Conjugated Dietary Fatty Acids. Lipids 2016; 51 (4): 
377-397 doi: 10.1007/s11745-016-4135-z

7. Hennessy AA, Barrett E, Paul Ross R, Fitzgerald GF, Devery R et al. ^ e  production of conjugated a-linolenic, y-linolenic and stearidonic 
acids by strains of bifidobacteria and propionibacteria. Lipids 2012; 47 (3): 313-327. doi: 10.1007/S11745-011-3636-Z/FIGURES/5

8. Zaheer A, Sahu SK, Ryken TC, Traynelis VC. cis-parinaric acid effects, cytotoxicity, c-Jun N-terminal protein kinase, forkhead transcription 
factor and Mn-SOD differentially in malignant and normal astrocytes. Neurochemical Research 2007; 32 (1): 115-124. doi: 10.1007/ 
s11064-006-9236-2

9. Traynelis VC, Ryken TC, Cornelius AS. Cytotoxicity of cis-parinaric acid in cultured malignant gliomas. Neurosurgery 1995; 37 (3): 
484-489. doi: 10.1227/00006123-199509000-00017

10. Hennessy AA, Ross P, Devery R, Stanton C. Bifidobacterially produced, C18:3 and C18:4 conjugated fatty acids exhibit in vitro anti­
carcinogenic and anti-microbial activity. European Journal of Lipid Science and Technology 2016; 118 (11): 1743-1758. doi: 10.1002/ 
EJLT.201500424

11. Chen J, Cao Y, Gao H, Yang L, Chen ZY. Isomerization of conjugated linolenic acids during methylation. Chemistry and Physics of Lipids 
2007; 150 (2): 136-142. doi: 10.1016/J.CHEMPHYSLIP.2007.06.223

12. Kramer JKG, Fellner V, Dugan MER, Sauer FD, Mossoba MM et al. Evaluating acid and base catalysts in the methylation of milk and 
rumen fatty acids with special emphasis on conjugated dienes and total trans fatty acids. Lipids 1997; 32 (11): 1219-1228. doi: 10.1007/ 
s11745-997-0156-3

13. Indelicato S, Bongiorno D, Pitonzo R, Di Stefano V, Calabrese V et al. Triacylglycerols in edible oils: Determination, characterization, 
quantitation, chemometric approach and evaluation of adulterations. Journal of Chromatography A 2017; 15 (1515): 1-16. doi: 10.1016/J. 
CHROMA.2017.08.002

1343



NGUYEN et al. / Turk J Chem

14. Lerma-Garcia MJ, Lusardi R, Chiavaro E, Cerretani L, Bendini A et al. Use of triacylglycerol profiles established by high performance 
liquid chromatography with ultraviolet-visible detection to predict the botanical origin of vegetable oils. Journal of Chromatography A 
2011; 1218 (42). 7521-7527. doi: 10.1016/J.CHROMA.2011.07.078

15. Nguyen AV, Deineka VI, Deineka LA,Vu TNA. Comparison of Separation of Seed Oil Triglycerides Containing Isomeric Conjugated 
Octadecatrienoic Acid Moieties by Reversed-Phase HPLC. Separations 2017; 4 (4): 37. doi: 10.3390/separations4040037

16. Wang JS, Lu YF, Xu YL, Jin SH, Jin XF. Impatiens wuyiensis (Balsaminaceae), a new species from Fujian of Southeast China, based on 
morphological and molecular evidences. Botanical Studies 2020. 61 (1): 1-12. doi: 10.1186/S40529-020-00306-1/FIGURES/6

17. Nozzolillo C, Rahal H. Llljenberg C. Lipid reserves of seeds of impatiens capensis and i. Pallida (balsaminaceae): developmental aspects. 
American Journal of Botany 1986; 73 (1): 96-102. doi: 10.1002/J.1537-2197.1986.TB09685.X

18. Tulloch AP 13C nuclear magnetic resonance spectroscopic analysis of seed oils containing conjugated unsaturated acids. Lipids 1982; 17 
(8): 544-550. doi: 10.1007/BF02535382

19. Goldschmidt R, Byrdwell W. GC Analysis of Seven Seed Oils Containing Conjugated Fatty Acids. Separations 2021; 8 (4): 51. doi: 10.3390/ 
SEPARATIONS8040051

20. Mogaddam MRA, Farajzadeh MA, Damirchi SA, Nemati M. Dispersive solid phase extraction combined with solidification of floating
organic drop-liquid-liquid microextraction using in situ formation of deep eutectic solvent for extraction of phytosterols from edible oil 
samples. Journal of Chromatography A 2020; 1630: 461523. doi: 10.1016/j.chroma.2020.461523

20. Deineka VI, Staroverov VM, Fofanov GM, Balyatinskaya LN. An increment approach to the HPLC analysis of triglycerides. Pharmaceutical 
Chemistry Journal 2002; 36 (7): 50-53.

21. Nguyen AV, Deineka V, Vu TNA, Deineka LA, Doan TLP et al. ’Madiantha Seed Oils - New Source of Conjugated Fatty Acids: 
Characterization of Triacylglycerols and Fatty Acids. Journal of Oleo Science 2020; 69 (9): 993-1000. doi: 10.5650/JOS.ESS20075

22. Rimmer CA, Simmons CR, Dorsey JG. ^ e  measurement and meaning of void volumes in reversed-phase liquid chromatography. Journal 
of Chromatography A 2002; 965: 219-232. doi: 10.1016/S0021-9673(02)00730-6

23. Nguyen AV, Popova AA, Deineka VI, Deineka LA. Determination of triacylglycerols of manketti oil by reversed-phase HPLC. Journal of 
Analytical Chemistry 2017; 72 (9): 1007-1012. doi: 10.1134/S1061934817090027

24. Pitt GAJ, Morton RA. Ultra-violet spectrophotometry of fatty acids. Progress in the Chemistry of Fats and other Lipids 1957; 4C: 227-278. 
doi: 10.1016/0079-6832(57)90024-1

25. Burr GO, Miller ES. Ultraviolet Absorption Spectra of Fatty Acids and their Application to Chemical Problems. Chemical Reviews 2002; 
29 (2): 419-438. doi: 10.1021/CR60093A012

26. Ahlers NHE, Brett RA, McTaggart NG. An infra-red study of the cis- and trans-isomers of some c18 fatty acids. Journal of Applied 
Chemistry 2007; 3 (10): 433-443. doi: 10.1002/jctb.5010031002

27. Ruger R, Niehaus T, van Lenthe E, Heine T, Visscher L. Vibrationally resolved UV/Vis spectroscopy with time-dependent density 
functional based tight binding. ^ e  Journal of Chemical Physics 2016; 145 (18): 184102. doi: 10.1063/1.4966918

28. Hammond EG, Lundberg WO. ^ e  Alkali Isomerization of a Methyl Docosahexaenoate and the Spectral Properties of Conjugated Fatty 
Acids. ^ e  Journal of the American Oil Chemists’ Society 1953; 30 (11): 433-438.

29. Nguyen AV, Deineka VI, Deineka LA, Vu TNA. Determination of triacylglycerols and fatty acid composition of Chilopsis linearis seed oil 
by reverse-phase high-performance liquid chromatography. Turkish Journal of Chemistry 2019; 43: 881-889. doi: 10.3906/kim-1901-26

30. Nguyen AV, Deineka VI, Deineka LA. Spectrophotometric Determination of Oils with Radicals of Conjugated Octadecatrienoic Acids. 
Journal of Applied Spectroscopy 2018; 85 (3): 483-487. doi: 10.1007/s10812-018-0676-7

1344



NGUYEN et al. / Turk J Chem

Electronic supporting information

mV
3 0 0 -

2 00  -

0 5 10 15 20 25

tR (m in )

Figure 1S. Chromatograms processed by MagicPlot 
Student of Impatiens walleriana; Column 4.6x 250 
mm Kromasil 100x 5C18, mobile phase compositions: 
acetonitrile: acetone (3:7, v/v), 0.8 mL/min, refractometric 
index detector.

Table S1. Chromatography parameters and TAG components of I. balsamina seed oil.

No TAGs tR(min) logk
Increments A(j^i) (± 0.002)

X_Ln Ln_L L_O O_P P_S

1 X 3* 5.500 0.038
2 X2Ln 6.157 0.127 0.090

3 XLn2 6.983 0.219 0.091

4 X ?L 7.218 0.242 0.114

5 Ln3 7.980 0.308 0.090
6 XLnL 8.272 0.331 0.113

7 X2O 8.816 0.371 0.130

8 Ln2L 9.570 0.421 0.090

9 XL, 9.930 0.443 0.112

10 XLnO 10.220 0.460 0.089 0.129

11 XLnP 10.710 0.487 0.027

12 LnL2 11.950 0.549 0.089 0.128

13 Ln2O 12.430 0.571 0.128
14 XLO 13.030 0.597 0.026

15 XLP 13.200 0.604 0.117

16 XLnS 14.690 0.661 0.090 0.112

17 LnLO 15.440 0.688 0.026

18 XO2 15.750 0.698 0.127

19 XLS 16.290 0.715 0.118

20 XOP 16.530 0.723 0.126
21 L2O 18.220 0.773 0.111

22 LnO2 18.750 0.787 0.089

23 LnOP 20.010 0.820 0.097 0.033

Mean value 0.083 0.103 0.118 0.027 0.112

* X- conjugated octadecatetraenoic moiety.
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Table S2. Chromatography and mass spectra parameters and TAG components of seed oils I. balsamina.

No* TAGs tR(min) logk

Increments A(j^i) (± 0.002)

[M+H] +
aPr_Ln Ln_L L_O O_P P_S

1 aPr3 6.814 0.276 867.3

2 aPr2Ln 7.788 0.362 0.086 869.5

3 aPrLn2 8.956 0.446 0.085 871.5

4 aPr2L 9.511 0.481 0.120 871.8

5 aPrLnL 11.041 0.566 0.084 0.119 873.1

6 aPr2O 12.191 0.620 0.138 873.4

7 aPrL2 13.754 0.684 0.118 875.4

8 aPrLnO 14.257 0.703 0.083 0.137 875.5

9 aPrLnP 15.252 0.737 0.035 850.5

10 aPrLO 17.956 0.820 0.118 877.7

11 aPrLP 19.293 0.856 0.118 0.036 852.4

12 aPrLnS 19.718 0.867 0.129 877.7

13 aPrO2 23.693 0.956 0.136 879.2

14 aPrLS 25.121 0.984 0.118 879.4

15 aPrOP 25.531 0.992 0.136 0.036 883.4

Mean value 0.084 0.118 0.136 0.035 0.129

* The peak number was listed in Figure 8.
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