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Abstract: Amygdalin, a cyanogenic glycoside mostly found in the bitter almond kernel, plays an important role in
conventional and modern medicine applications. The high diastereomeric purity amygdalin was isolated with
chromatographic purification methods and recrystallization. Amygdalin and neoamygdalin were separated
chromatographically using the porous graphitic carbon column. Identification and confirmation of each molecule
was performed with the ESI Quadrupole Time of Flight system coupled with a reversed phase LC.
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1. Introduction

The bitter almond kernel has a high commercial value for the food and cosmetics industries.
Amygdalin, one of the common cyanogenic glycosides, is found in bitter almond and peach kernels
(Rosaceae family), while prunasin is found in wild cherry bark. The main bioactive components of bitter
almond (Prunus amygdalus amara) are amygdalin, prunasin, flavonoids, and phenolic acids [1-3].
Furthermore, almond kernels have been used in traditional medicine to treat many diseases such as
asthma, nausea, leprosy, bronchitis, and leukoderma [4].

The mandelonitrile carbon of the natural amygdalin has the R-configuration while the
neoamygdalin has the S-configuration (Figure 1). These compounds are diastereomer due to not mirror
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images of each other. The configuration of only one stereogenic center of the aglycone unit is different,
so the amygdalin and neoamygdalin are the epimers of each other [5, 6]. Due to the different physical
properties, these epimers can be separated from each other using different methods. Ten stereogenic
centers of the gentiobiose fragment have the same configuration in these diastereomers. They do not easily
become isomerized, but epimerization of mandelonitrile carbon occurs in the presence of aqueous solvents
or a weak basic medium [7-9].
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Figure 1. The stereochemical structures of amygdalin, neoamygdalin, and prunasin as cyanogenic
glycosides.

There are many studies on the extraction of amygdalin from the foods and qualitative-quantitative
analyses of the cyanogenic glycosides using chromatographic techniques as GC, LC, and HPLC-MS [10-
12]. However, there are few studies on the isolation of amygdalin from bitter almond kernels in
stereochemical purity. The use of amygdalin has been the subject of considerable controversy in cancer
treatment. However, neoamygdalin has no antitumor activity. Therefore, separating neoamygdalin has
become an important factor in evaluating amygdalin-containing drugs [7, 8]. Many researchers are making
efforts to separate the amygdalin epimers. So far, attempts to separate neoamygdalin from the epimer
mixture using LC and HPLC methods have been reported [6, 11-15]. Also, Gas chromatography and
capillary electrophoresis are used as practical analytical methods for the separation of neoamygdalin [16].

Cyanogenic glycosides are typically O-p-glycosides of a-hydroxynitriles and are relatively
nontoxic to most organisms [17]. However, amygdalin produces the poisonous substance HCN, which is
decomposed by enzymes [18]. The cyanide released from the hydrolysis of amygdalin is cytotoxic. It was
postulated that this action is selective against cancerous cells because normal cells convert the cyanide to
benign thiocyanate via rhodanese, but this theory has not been proven in humans [19-24].

Although it is known that amygdalin has some pharmacological effects, many aspects of
amygdalin have not been adequately investigated. Since its metabolism product is cytotoxic HCN, there
is still controversy about its healing effect on human health both traditional and modern medicine [20-
29]. For this reason, systematic research on the pharmacological mechanism of amygdalin and the
development of antitumor drugs may have a significant application value in the future.

Given its pharmacological and industrial importance, an easy and simple method is necessary to
isolate the high purity amygdalin from natural products. Therefore, we aimed to develop a method to
isolate the high diastereomeric purity amygdalin from bitter almond kernels. The structural
characterization was performed using *H, *C-NMR, ATR-FTIR, and UV-VIS spectral techniques. The
identification of amygdalin and neoamygdalin was carried out ESI Quadrupole Time-of-Flight system
coupled with reversed-phase LC.

2. Experimental
2.1. Materials and Methods
All of the chemicals and solvents were purchased from commercial sources and purified-dried

with classical methods. The melting point was determined by the Perkin-Elmer differential scanning
calorimetry (DSC) apparatus. The Heidolph 4001 rotary evaporator was used to remove the solvents under
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reduced pressure. The UV-VIS spectrum was recorded with the Ocean Optics HR4000CG-UV-NIR high-
resolution spectrometer. The ATR-FTIR spectra were taken with the Perkin-Elmer Spectrum Two
Spectrometer, and the band positions were presented as wavenumbers (cm™). The NMR spectra were
recorded on Bruker 400-MHz spectrometer using both D,O and DMSO-ds solvents. Chemical shifts were
reported in ppm (parts per million) values relative to tetramethylsilane (TMS) as the internal standard.
The applications of thin-layer chromatography (TLC) were performed with pre-coated 0.2 mm Merck
Kieselgel 60 Fzss aluminum sheets, and silica gel 60 (0.063-0.200 mm) was used for column
chromatography (CC).

The applied procedures for isolation of pure amygdalin are summarized in Figure 1. Each of the
extraction and purification methods is described in detail below.

2. 2. Sample Preparation

The bitter almond kernels (Prunus amygdalus var. Amara) were collected in the Elazig province
of Turkey. After the raw kernels were kept in hot water for 10 minutes, their peels were taken out, dried
at room temperature, and scalded kernels were obtained. The scalded samples were next placed in a pot,
heated by stirring for 10 minutes until they turned yellow, and the fried kernels were obtained. Thus, the
bitter almond kernels were divided into three different parts as raw, boiled, and stir-fried kernels. The
classified kernels were powdered with a mortar and used in the solid-liquid extractions.

raw N
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. cyanogenic glycosides i liquids
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Figure 2. The steps of methods used in the isolation of amygdalin (i) SLE methods; (ii) LLE or
decantation process with apolar solvents; (iii) column chromatography; (iv) recrystallization
of the diastereomeric mixture with ethyl acetate.

2. 3. The Solid-Liquid Extraction (SLE) Methods
2. 3. 1. Soxhlet Extraction Method

Fifty grams of classified bitter almond kernels powders were put into the thimble, and then they
were placed inside the Soxhlet extractor chamber. Then, 750 mL of ethanol was added into the single
neck round-bottom flask. The Soxhlet extraction was continued for about 30 hours until 60 cycles at the
boiling point of ethanol. The extract was concentrated until about 50-60 mL by evaporation under reduced
pressure and used at the LLE and decantation methods.

2. 3. 2. Reflux Extraction Method
Fifty grams of the stir-fried bitter almond kernel powders were placed in the flat round bottom

flask, and 750 mL of ethanol was added. At the boiling point of the ethanol, the mixture was refluxed
with constant stirring for approximately 3 hours. The hot mixture was filtered after the reflux was
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complete. When the resulting solution was held overnight in the deep-freezer, a white solid was formed
and removed by filtrating from the solution. The solution was evaporated at reduced pressure until it
remained around 50-60 mL using the rotary evaporator. The obtained concentrate extract was used during
liquid-liquid extraction and decantation process.

2. 4. The Liquid-Liquid Extraction (LLE)

The concentrated ethanol phase was extracted with twice 50 mL of n-hexane. The n-hexane layer
was the upper phase, the ethanol layer which was the bottom phase was extracted with twice 50 mL of
petroleum ether. The petroleum ether layer was the upper phase, the ethanolic layer which was the bottom
phase was used for the next chloroform extraction. As soon as 100 mL of chloroform was added to the
ethanol phase, a precipitate was formed. The occurred solid was removed from the solution by filtration.
The final solid was firstly dried at room temperature, then in the vacuum oven, and remained in the
vacuum dryer until the analysis was carried out. Later, this substance was used in TLC and CC analyses
(Figure S1).

2. 5. The Decantation Method

As the second method, the decantation process was used to remove the unwanted organic
compounds from the ethanolic extracts. For this purpose, n-hexane, petroleum ether, and chloroform
solvents were chosen. 50 mL of n-hexane was added to the concentrated extract obtained after SLE
extractions. The n-hexane phase contains undesirable compounds while the bottom layer contains
cyanogenic glycosides. The n-hexane phase was removed by decantation. As soon as 50 mL of petroleum
ether was added over the remaining ethanol phase, a precipitate was obtained. The upper solution phase
and precipitate were separated by decantation. The obtained precipitate was washed with three times 50
mL of chloroform. The final solid was used for TLC and CC analyses after drying (Figure S2).

After the LLE and decantation processes, the remaining ethanol phase was precipitated with
diethyl ether and small amounts of cyanogenic glycosides were obtained. This solid material was used for
TLC and CC analyses, after drying with the vacuum desiccator.

2. 6. Separation of Epimers by Column Chromatography

Many tests were performed to determine the solvent mixture and ratio at which the best separation
occurred on TLC. The chloroform/methanol (2:1, v/v) solvent mixture and ratio gave the best result for
the separation of epimers. 1.30 g of solid sample was injected into the column containing 52.0 g of silica
gel, and chromatographic separation was performed using 350 mL of the solvent system as eluent. The
10 mL of the sample was collected into each beaker. After TLC analysis, the same substances were
combined, and the solvents were evaporated in a vacuum. The resulting solid was recrystallized from
ethyl acetate. Pure amygdalin was kept in an amber-colored glass bottle and stored at 4 °C before the
analysis.

2. 7. Analysis of the Thermoanalytical Curves of The Samples

The thermoanalytical curves, which characterize the thermal behavior of amygdalin, were
obtained in dynamic conditions of temperature at a heating rate of 10 °C min! and in the atmosphere of
nitrogen. From each sample, 3.70 mg material was placed into a container for the special analyses, and
the reference container was used for control. The sample was heated at 50 °C temperature under a nitrogen
atmosphere. Oxygen gas was injected into the instrument until it reached 310 °C temperature. The oxygen
flow rate through the instrument was 50 mL min* during this dynamic process while the heat flow rate
was 10 °C min [30].
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2. 8. LC-MS Q-TOF Instrumentation and Conditions

The analysis was carried out on the Agilent 1260 series HPLC system coupled with the Agilent
iFunnel Q-TOF system. The HPLC unit consisted of a Binary pump (G1312B) with online degasser, HiP
sampler (G1367E), Column Compartment (G1316A), and UV (G1314F) detector. The LC parameters
were 0.5 ml/min isocratic flow of 15:85 (0.1% formic acid water: methanol), 1 ul injection, column
temperature 40 °C and UV was set to 220 nm with 0.5 sec. response time. The column used for the analysis
was Thermo Scientific Hypercarb Porous Graphitic Carbon (2.1mm x 100mm x 5um). Run time was 6
min [6].

The MS part used for analysis and identification of compounds was Agilent G6550A Q-TOF with
Dual AJS ESI source. The acquisition and data analysis were done by MassHunter software. The MS
parameters: Source gas temperature 250 °C, gas flow 14L/min, Nebuliser 30 psig, Sheath gas temperature
320 °C, Sheath gas flow 10 L/min, capillary voltage 1500 V, Nozzle voltage 500 V, Fragmentor voltage
400 V. Data acquisition was done in a negative ionization mode with MS and Targeted MS-MS mode.
The parameters were m/z range 50-1000 amu with the scan rate of 1 spectrum/sec for MS, 2 spectra/sec
for MS-MS mode. The product ion profile was achieved by using fixed collision energies of 10 and 20
eV. The data were evaluated for molecular ions and product ions for the identification of compounds via
Metlin Metabolite Database and reference studies.

3. Results and Discussion
3.1. Chemistry

The extraction and purification methods are critical operations for isolating organic compounds
from plants and foods. The selection of solvents used in these processes is very important in isolating the
target compound from a natural product. Amygdalin is slightly soluble in alcohol at room temperature
while easily dissolving in acetic acid, hot alcohol, and water [31]. Similarly, it is well soluble in polar
aprotic solvents like DMSO and DMF. Although it is common to use the methanol-water mixture or only
water in amygdalin extraction processes, it is a disadvantage that amygdalin is epimerized to
neoamygdalin in aqueous environments. All of the solvents were purified and dried to prevent
epimerization in this study.

Conventionally, the solid-liquid extraction (SLE) processes of pharmaceutical molecules are
decoction in boiling water. Although a certain amount of amygdalin is epimerized to neoamygdalin in hot
water, aqueous solvents, basic medium, and high temperature, the ethanol extraction does not require any
operation to protect amygdalin from epimerization [6]. Because the obtained extract contained fewer
undesirable substances and the extraction time was short, the reflux method was preferred for the
amygdalin extraction in this study.

The extraction yields of cyanogenic glycosides from the natural products change considerably
depending on the grinder [11], extraction methods, and the solvent [32]. Bitter almond kernels were
classified as raw, boiled, fried. To obtain extracts of the classified kernels, both Soxhlet and the reflux
methods were used. SLE processes were performed in anhydrous ethanol, a suitable solvent for
cyanogenic glycosides. It was observed that a white solid formed when the obtained extract with the reflux
process was kept in the deep-freezer overnight. ATR-FTIR and NMR spectra of this material are given in
the Figure S3-5. This substance melted at room temperature and converted to an oily liquid. It was
understood that this substance did not contain amygdalin and the other aromatic cyanogenic glycosides,
according to spectral analysis. Since obtaining oily material was not the purpose of this study, removing
a certain amount of this oily substance before purification operations were important. Additionally, a
small amount of almond oil arises during the frying of the peeled-almond kernels, so the most amounts
of cyanogenic glycoside were obtained from the stir-fried kernels in both extraction methods.

The obtained extracts from the SLE methods were subjected to liquid-liquid extraction (LLE)
using different solvents. Since cyanogenic glycosides are not dissolved in non-polar solvents, to remove
undesired components from the extract n-hexane, petroleum ether, and chloroform at LLE and decantation
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procedures were used. The ethanol phase was extracted with these solvents, and the phase was enriched
in point of the cyanogenic glycosides amount, especially amygdalin.

Bitter almonds contain high levels of amygdalin (3-5 %) whereas sweet (< 0.05 % amygdalin)
and slightly bitter varieties (< 0.2 % amygdalin) have only trace levels of amygdalin [12].

1.34 g of dry extract was obtained from 100.00 g of bitter almond after SLE and LLE process
whereas 0.75 g of the epimer mixture was isolated after chromatographic separation. After the
diastereomeric mixture was crystallized with ethyl acetate, 0.48 g (4.8 g/kg) of pure amygdalin was
isolated as a white powder. The final compound was found to contain the high diastereomeric purity
amygdalin according to the spectral data.

2. 2. Spectral Analyses

In the first stage of structure characterization, the FT-IR, NMR spectrum, and the melting point
of the standard amygdalin, which were obtained from internet sources, were used as the reference data
[33]. The ATR-FTIR spectra obtained in this study are given in Figure S6-9. The amygdalin standard was
not used at any stage of this study. The numbering system used to evaluate the NMR spectra of amygdalin
and detailed *H and *C-NMR spectra are given in Figure S10-16.

2. 2. 1. Analyses of the ATR-FTIR Spectra

The A and B rings of amygdalin (Figure 1) have seven different hydroxyl groups. One of them is a
primary alcohol, and the other six are the secondary alcohol functional groups. These have dense and
broad bands between 3597-3300 cm™ (Figure S7). When this region of the ATR-FTIR spectrum was
carefully examined, O-H stretching vibrations of five different hydroxyl groups that were not equivalent
were observed. Of these, the stretching vibration at 3399 cm™ shows a sharp band due to the
intramolecular hydrogen bond while broad bands have been observed at 3598, 3513, 3461, and 3301 cm-
! belonging to the O-H stretching vibrations resulting from intermolecular hydrogen bonds.

The aromatic and aliphatic C-H stretching vibrations were attributed to lower intensity absorptions at
2971 and 2893 cm?, respectively. Although the stretching vibration belonging to the nitrile functional
group of amygdalin is characteristic, it has a weak band in the ATR-FTIR spectrum. Due to the presence
of the nitrile functional group, the band at 2260 cm can be noticed in the spectra (Figure S8). Since the
C-H deformation vibration of the aromatic ring having five adjacent hydrogens was observed at 758 cm-
1 it confirmed that the benzene ring was the only substitute.

Amygdalin contains eleven non-equivalent C-O bonds. When the region between 1163-1022 cm*
was carefully analyzed in the ATR-FTIR spectrum, eleven stretching vibration bands relating to C-O
bonds were observed (Figure S9). Two of the four C-O-C bonds belong to endocyclic ethers while the
other two are the stretching vibrations of exocyclic ethers. The remaining seven are C-O-H bonds.

2. 2. 2. Analysis of the *"H-NMR Spectra

The *H-NMR spectra of the amygdalin and cyanogenic glycosides have been generally taken in
DMSO-ds. In this study, *H and *C-NMR spectra taken in DO and DMSO-ds solvents were analyzed.
Twenty-seven proton-equivalent signals were observed in the *H-NMR spectrum received in DMSO-ds
(Figure 3A) whereas when the spectrum was taken with D,O, twenty-two proton-equivalent signals were
observed due to the proton-deuterium change (Figure 3B). When the *H-NMR spectrum taken in DMSO-
ds was compared with that of taking in D-O, all signals shifted to the low-fields. In the *H-NMR spectra
taken in both D,O and DMSO-ds solvents, the signal observed at about 1.00 ppm was attributed to the
impurity from the NMR device.

The *H-NMR spectrum given in Figure 3C belongs to the extract obtained after LLE, and it
contains a mixture of amygdalin and neoamygdalin. The H-7 proton of neoamygdalin has an integration
ratio of 0.26 at 6.09 ppm while the H-7 proton of amygdalin has an integration ratio of 1.00 at 6.02 ppm.
According to this *H-NMR spectrum, while the amygdalin amount is 79.4 %, the neoamygdalin amount
is 20.6 % in the mixture. When this spectrum was compared with the received in D,O (Figure 3B), the
signal of aglycone proton (H-7), which leads to epimer formation, shifted to the lower area of about 0.18



178

Isolation of amygdalin from bitter almond kernel

ppm for neoamygdalin. No signal belonging to neoamygdalin was observed in the *H-NMR spectrum
taken in the DMSO-ds solvent of the purified sample (Figure 3A). This situation confirmed that the
aglycone proton is somewhat epimerized in water. Moreover, there was also no change in the chemical
shift of the amygdalin H-7 proton.

The detailed assessment of *H-NMR (Figure2B) taken in D-O solvent is given below. *H-NMR
(400 MHz, D;0) 6 = 7.46-7.44 (H-1 and H-5, m, 2H); 7.39-7.37 (H-2, H-3, and H-4, m, 3H); 5.91 (H-7,
s, 1H, for neoamygdalin); 5.74 (H-7, s, 1H, for amygdalin); 4.07-4.04 (d, J=12 Hz, 1H); 3.79-3.73 (m,
2H); 3.60-3.55 (m, 2H); 3.50-3.46 (m, 2H); 3.40-3.35 (m, 2H); 3.34-3.30 (m, 2H); 3.29-3.25 (m, 2H);
3.24-3.17 (m, 2H).

The epimer mixture containing the amygdalin and neoamygdalin diastereomers was purified
using column chromatography and the amygdalin was isolated at high purity. In the *H-NMR spectrum
of amygdalin taken in the D20 solvent, the ortho coupled H-1 and H-5 aromatic protons were observed at
7.46 ppm as the equivalent of two protons. However, the meta and para coupled aromatic protons (H-2,
H-3, and H-4) resonated at 7.39 ppm as a multiplet equivalent to three protons. The signal observed at
5.74 ppm belongs to one proton equivalent benzylic Ar-CH-CN hydrogen. This aryl component is the
group of aglycone having R and S epimer forms, which can exist by the epimerization assisted by basic
or extreme temperature conditions. The S-epimerized CH-CN proton signal appears in the lower field
than the CH proton signal of the R-epimer [34].
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Figure 3. *H-NMR (400 MHz) spectra of the amygdalin and its epimer were taken in different solvents;
A: the spectrum in DMSO-ds of pure amygdalin obtained in this study; B: spectrum of the
diastereomeric mixture in D,O; B: the diastereomeric mixture in D,O, and C: spectrum in
DMSO-ds of the extract obtained after LLE.

The amygdalin, which is pure in solid form, was epimerized in the D,O, and this was observed in
the 'H-NMR spectrum with two different signals and different integration ratios. However, such an
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epimerization was not observed in the *H-NMR spectrum of the same substance taken in the DMSO-ds.
Two different signals belonging to the H-7 proton of the aglycone unit were observed in the H-NMR
spectrum taken in the D,O solvent (Figure 3B). The signal with an integration ratio of 0.03 at 5.92 ppm
belongs to neoamygdalin whereas the signal with an integration ratio of 1.00 at 5.74 ppm belongs to the
amygdalin. According to the *H-NMR result, the rates of amygdalin and neoamygdalin were found in
97.1 % and 2.9 % in the sample, respectively. The fourteen proton signals observed as multiple signals
between 4.07 and 3.15 ppm belong to two glycopyranose rings. The eight proton signals were observed
in the fairly narrow region of 3.40 to 3.34 ppm [34]. The signal at 4.70 ppm belongs to the proton residue
in the D2O.

2. 2. 3. Analysis of *C-NMR Spectra

The ¥C-NMR spectrum, which is taken in DMSO-ds, given in Figure S11, 12 belongs to the extract
obtained after LLE, and it contains the amygdalin and neoamygdalin mixture (Figure 4F). The seventeen
different carbon signals were observed in two different **C-NMR spectra taken in both D,O and DMSO-
ds solvents. While C-13 and C-17 carbons were observed as the same signal, two ortho and two meta
carbons of the aromatic ring were observed as different signals. Except for C-3, C-7, C-14, C-16, and C-
20, all of the other carbons resonated in low areas.
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Figure 4. ®C-NMR, 100 MHz spectra of the amygdalin, and its epimer were taken in different solvents;
D: the spectrum in DMSO-ds of pure amygdalin obtained in this study; E: spectrum of the
diastereomeric mixture in D20, F: spectrum in DMSO-ds of the extract obtained after LLE.
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Evaluation of *C-NMR spectra taken in DMSO-ds (Figure 4D) and D,O (Figure 4E) solvents are
given below. The first values belong to the carbon signals in DO while the values in brackets are the
chemical shift values of the carbon signals in the spectrum received in DMSO-d6.

13C-NMR, 100 MHz, D,O (DMSO-d6) ppm, 6132.35 (134.36), C-6, aromatic quaternary carbon;
130.42 (130.08), C-3, para; 129.28 (129.45), C-2 and C-4, meta; 127.70 (127.79), C-1 and C-5, ortho;
118.43 (119.31), C-8, CN; 102.74 (104.19), C-15; 101.38 (102.07), C-9; 75.79 (77.25), C-19; 75.48
(77.05), C-17; 75.36 (77.02), C-11 and C-17; 73.08 (76.95), C-16; 72.64 (75.23), C-10; 69.56 (70.56), C-
12; 69.03 (68.96), C-18; 68.97 (67.24), C-7 benzylic carbon; 68.14 (61.53), C-14; 60.61 (56.36) C-20.
At 1325 and 118.7 ppm, the carbon resonances show the negative phase in the APT-NMR
spectrum and are less intense than the other carbon signals. Therefore, these signals were assigned to two
quaternary carbons, C-6 and C-8, respectively. Similarly, the carbon resonances at 68.14 and 60.61 ppm
were assigned to the two methylene carbons, respectively C-14 and C-20. The remaining carbon signals
indicate the positive phase in the APT-NMR spectrum and confirm them as odd and multiple carbon
resonances. Since amygdalin possesses no methyl groups, these remaining carbon signals must arise from
methine carbons. The aromatic carbon signal at 130.42 ppm can be assigned to the para-CH carbon. The
remaining CH carbon signals at 127.70 and 129.28 ppm represent two carbon signals and arise from the
ortho and meta carbons [34].

2. 2. 4. Analyses of the UV-VIS

The UV-VIS spectrum of the isolated amygdalin was taken in methanol at the concentration of

75 ng mL—1 (Figure S17). Mainly 218 nm c—c™* transitions, and n—mx * transitions of 256 nm aromatic
rings were observed. These maximum absorptions were found to be quite similar to those reported at 184,

203, and 256 nm, attributed to aromatic T—m* transitions. The maximum absorption of the nitrile group
was not noticed due to its low intensity [35].

2. 2. 5. Thermal Analysis of the Differential Scanning Calorimetry Curves

The DSC curve (Figure 5A) showed a large, sharp endothermal peak for the 97.1% purity
amygdalin in the temperature range of 207.9 - 224.9 °C. The temperature that started to melt the amygdalin
was 207.9 °C. After melting, thermal decomposition began immediately. This curve also shows
endothermic peaks of some impurities. The amygdalin stereoisomers (Figure 5B) showed a large, broad
endothermal peak in the temperature range of 203.8 - 236.0 °C. The temperature that begins to melt the
amygdalin stereoisomers is 203.8 °C. The DSC, bends a broad endothermic peak at 223.1 °C,
corresponding to the maximum melting rate. According to the DSC curve, pure amygdalin (Figure 5C)
has a melting point of 218 °C. The purity of the amygdaline was confirmed with a sharp endothermic peak
at 220.7 °C, which corresponds to the maximum melting rate. Also, the endothermic or exothermic peaks
belonging to any impurity were not observed in this curve. This melting point is close to the values given
in the literature (223-226 °C), but it is more accurate compared to them [31, 36].
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Figure 5. The Differential Scanning Calorimetry curves; (A) after from column chromatography; (B) the
mixture of the amygdalin and neoamygdalin stereoisomers; (C) pure amygdalin obtained after
from recrystallization with ethyl acetate.

2. 6. Analysis of the LC-MS Q-TOF

The UV signal and corresponding MS responses were examined for MS and MS-MS information.
ESI generated ions of the sample corresponding to the amygdalin were compared with databases for
characteristic amygdalin ions and they were identical to each other. Experimental values for ions used for
identification of the compound were having mass error less than 5.0 ppm with theoretical amygdalin ions.
The chromatogram (Figure S18) shows the total ion chromatogram of the sample injection in MS-MS
mode. The retention times at 1.46 and 4.12 minutes show the targeted mode run where collision energies
were applied. The extracted ion chromatogram (Figure 6) of 456.1520 showed the retention of amygdalin
and its epimer. The retention times of 1.46 and 4.12 belong to neoamygdalin and amygdalin, respectively
[6]. 456.1522 ion shows a neoamygdalin precursor with a mass error of -2.31ppm (Figure S19). The
isotopic distribution of neoamygdalin is shown in (Figure S20) with a mass error of -2.31 ppm for
456.1517, 0.96 ppm for 457.1549, and -0.23 ppm for 458.1567. The isotopic distribution of amygdalin is
shown in (Figure S21, 22) with a mass error of -1.4 ppm for 456.1517,0.08 ppm for 457.1545, and 1.94
ppm for 458.1557.
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Figure 6. Extracted lon of 456.1520 showing amygdalin and its epimer neoamygdalin
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Figure 7 shows the Total lon Chromatogram (TIC) of the sample injected in Targeted MS-MS mode.
In targeted mode, Quadrupole isolates the selected precursor ion at predefined retention time. The
precursor of neoamygdalin/amygdalin at retention times 1.47 and 4.27 was selected via quadrupole and
fragmentation occurred using nitrogen as a collision gas with a 10eV.
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Figure 7. TIC of MS-MS of 456.1550 ions at RT 1.41 and 4.20 with collision energies 10eV.

The below part of Figure 7, Cpd 2, and Cpd 4 show an Extracted lon Chromatogram of 456.1550
ion at retention time values 1.47 and 4.27. Those are the retention time of amygdalin and its epimer
neoamygdalin. Figure 8 indicates the fragmentation pattern of the isolated ion of 456.1504, neoamygdalin
precursor with a mass error of 1.53 ppm (calculated value is 456.1511). The upper part A shows the
experimental spectra acquired sample run at retention time 1.47 minute. The library part C is shown at
the bottom and the middle part B shows the comparison of library and experimental spectra of amygdalin.
Product ion at retention time 1.42 min. is matched perfectly with the library spectrum of amygdalin.
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Figure 8. Product ion spectra (A) of 456.1550 ion at retention time 1.41 with collision energy 10eV and
library spectra (C) of amygdalin.

Figure 9 shows the fragmentation pattern of the isolated ion of 456.1506, amygdalin precursor with a
mass error of 1.09 ppm (calculated value is 456.1511). The upper part A shows the experimental spectra
acquired sample run at retention time 4.27. The library spectra part C is shown at the bottom and the
middle part B shows the comparison of library and experimental spectra of amygdalin. Product ion at
retention time 4.27 is matched perfectly with the library spectrum of amygdalin.
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Figure 9. Product ion spectra (A) of 456.1506 ion at retention time 4.27 with collision energy 10eV
and library spectra (C) of amygdalin.

4. Conclusions

Generally, in analytical methods used to determine the amount of amygdalin, the epimers have
been analyzed together and evaluated. Furthermore, when the extraction and isolation process is
performed in an aqueous or basic environment, the diastereomeric mixture resulting from epimerization
cannot show the desired biological and physiological effects. This situation caused serious errors in the
analysis of the amygdalin amount. At the same time, this is the main reason for the current controversy
about its medical and pharmacological effects.

The reflux extraction is more efficient than the Soxhlet method for the extraction of amygdalin
from the bitter almond kernels. Since the solid-liquid extractions of amygdalin were performed in the
anhydrous ethanol, the epimerization did not occur. Ethanol is an ideal solvent for the extraction of
amygdalin. The chromatographic, thermal, and spectroscopic methods were used to confirm the purity of
amygdalin. All spectral data are consistent with the chemical structure of amygdalin. Also, all spectral
and chromatographic data show satisfactory purity of the isolated amygdalin.

The amygdalin standard was not used at any stage of this study, but the high diastereomeric purity
amygdalin, which will be used as the standard, was isolated using simple and economical methods. The
acquired MS data, its isotopic pattern, and isotopic abundances, and product ion profiles were consistent
with the product ion profiles of amygdalin and its epimer neoamygdalin at Metlin Metabolite Database.

In this study, a simple, precise, and relatively easy analytical method was developed for the
separation and determination of amygdalin and neoamygdalin in bitter almond kernels.
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