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Despite hemp has a long history as food, in the last years the interest in cannabis cultivars, including new va-
rieties, requires a deeper investigation of hemp seed-based food products as a precious source of biomolecules. In
the present work, a comprehensive characterization of the minor components occurring in hemp seed-based food
products i.e. oil, flour and flour by-product, is reported. For this goal, volatile (i.e. terpenes, hydrocarbons, furans

:/Jilsit;])frsﬁﬁable and ketones) and non-volatile (i.e. tocopherols, cannabinoids and phenolic compound) metabolites were
Tocopherols investigated by means of different chromatographic techniques. HPLC in combination with PDA, fluorescence,
Phenols and MS detection was employed to analyse non-volatile fraction. Furthermore, GC coupled with FID and MS
Cannabinoids detectors were used for the analysis of volatiles and unsaponifiable compounds, the latters after conversion into

more volatile trimethylsylil derivatives. Terpenes represented the most abundant compounds among volatiles. A
total of 58 compounds belonging to the unsaponifiable matter was identified only in hempseed oils. Among
tocopherols, y-tocopherol was quantified at the highest level. Phenols and cannabinoids were also investigated,
and a total of 52 compounds were identified and quantified. To the best of our knowledge, this is the first study
providing a thorough chemical characterization of minor fraction of hemp products.

1. Introduction effective non-toxic amounts, provide a clinically proven and docu-
mented health benefit for the prevention, management, or treatment of
chronic disease” (Martirosyan and Singh, 2015).

Recently, it has been reported that canola (Brassica napus L.), Indian

In the last few years, an increasing trend to use non-conventional
foods worldwide was observed, as a consequence of their beneficial

property and nutritional effects that could improve the health status by
changing only eating habits.

In this context, functional foods and natural products play an
important role to health promotion and prevention of disease risks.
Functional foods are referred as “Natural or processed foods that contain
known or unknown biologically-active compounds which in defined,

mustard (Brassica juncea L.), chia (Salvia hispanica L.), quinoa (Cheno-
podium quinoa Willd.) and hemp (Cannabis sativa L.) seed oils can be
considered excellent examples of functional foods thanks to the presence
of macro and micronutrients that have disease-prevention benefits
(Frassinetti and Giorgetti, 2018; Oulad El Majdoub et al., 2020; Teh and
Birch, 2014).

Abbreviations: BSTFA, [N,O-bis(trimethylsilyl)trifluoroacetamide]; CBC, cannabicromene; CBCA, cannabicromenic acid; CBD, cannabidiol; CBDA, cannabidiolic
acid; CBDV, cannabivarin; CBDVA, Cannabivarinic acid; CBEA, cannabielsoin acid; CBG, cannabigerol; CBGA, cannabigerolic acid; CBL, cannabicyclol; CBN,
cannabinol; CBNA, cannabinolic acid; FAMEs, fatty acids methyl esters; LRIs, linear retention indices; PUFAs, polyunsaturated fatty acids; THC, tetrahydrocan-
nabinol; THCA, tetrahydrocannabinolic acid; THCV, Tetrahydrocannabivarin; THCVA, Tetrahydrocannabivarinic acid; TMCS, trimethylchlorosilane.
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The term hemp or industrial hemp refers solely to some Cannabis
sativa varieties for which cannabidiol (CBD) and its acid precursor
(CBDA) are the main constituents, while Ag-tetrahydrocannabinol (A°-
THC), responsible for the well-known psychotropic activity of cannabis
is below 0.3% in weight (Protti et al., 2019).

According to its possible usage, hemp is also known as fiber-type
Cannabis, since it can be employed for the production of fiber for
clothes, animal feed and in human nutrition. Conversely, Cannabis
sativa cultivars with A°-THC above 0.3% is classified as drug type (i.e.
marijuana), used for both medical (therapeutic) and non medical (illicit)
purposes.

Due to the noticeable pharmacological activity of CBD, hemp viz. the
fiber-type cannabis, has been attracting great interest worldwide even
for its seed products, usable for the production of different foodstuffs.

Regarding human nutrition, hempseed can be consumed raw or as its
processing products e.g. oil, flour, protein powder, or incorporated into
food preparation (yogurt, snack bars, cookies, bread), in order to obtain
a food product with higher nutritional and sensory qualities.

Due to the uniqueness of its composition hemp seed can be consid-
ered as one of the most nutritionally complete food sources, as it con-
tains around 30-40% fiber, 25-30% protein, 25-30% oil and 6-7%
moisture. These values can vary largely among different cultivars
(Leonard et al., 2020).

The beneficial and nutritional effects of hemp seed derivatives are
mainly attributed to the high content (80%) of polyunsaturated fatty
acids (PUFAs), in particular linoleic (0-6) and o-linolenic (w-3) acids
with 4:1 ratio, that is an optimal balance for human nutrition (Arena
et al., 2022). These components play beneficial effects on the cardio-
vascular system and contribute to maintain low blood cholesterol and
triglycerides levels.

The unsaponifiable lipid fraction, including sterols, phytol and to-
copherols, is well-known for biological activity, thanks to inhibition of
the absorption of cholesterol from dietary fat, reduction of the risk of
cardiovascular disease and antiviral, antifungal, and anti-inflammatory
properties (Siano et al., 2019).

The potential use of hemp seed products as ingredients for the human
diet is not only related to the fatty acid profile but also to the high
content of bioactive compounds such as carotenoids and polyphenols,
which mainly include hydroxycinnamic acid and lignanamides (Leonard
et al., 2020). Typically, the production of these components is related to
plant defence mechanisms against pathogens or ultraviolet radiation. In
addition, they have a potent antioxidant activity and play an important
role to scavenge free radicals. Therefore, the antioxidant components
safeguard the chemical stability of a cold-pressed oil against oxidative
rancidity and the related shelf life.

Furthermore, the other minor components, such as terpenes and
cannabinoids could contributes to the overall beneficial effects.

Actually, it has been reported that hemp seeds should not possess
cannabinoids, whereas the presence of the latter in hemp seed-based
food products is principally due to the bad selection of the bracts of
the perigonium, which have the highest cannabinoid content, or they
derive from the resin secreted by the epidermal gland located on leaves
or flowers (Citti et al., 2018).

As a consequence, cannabinoids are considered “impurities” of hemp
seed-based products and then their concentration depends on the
cultivar and the industrial process. In most European countries, the
actual legal limit for the cultivation of industrial hemp seed is 0.2% of
the psychoactive constituent A°-THC on dry basis (Russo and Reggiani,
2013).

Since recent studies on hemp have dealt with the main components
(e.g. lipids and proteins) (Alonso-Esteban et al., 2023; Arena et al., 2022;
Leonard et al., 2020); we decided to focus on secondary metabolites; in
particular, the aim of this work was to characterize the minor compo-
nents occurring in hemp seed-based food productsi.e. oil, flour and flour
by-product: volatile compounds, being manly terpenes, unsaponifiable
fraction, tocopherols, cannabinoids and phenols by mean of different
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chromatographic techniques.

To the best of our knowledge, no study has been conducted to
compare the content of the above mentioned classes of compounds
present in hempseed oils, flours and flour by-product.

For this purpose, gas chromatography (GC) was employed to deter-
mine the volatile profile and the unsaponifiable fraction. Furthermore,
normal-phase liquid chromatography (NPLC) coupled to a fluorescence
detector (FLD) was used to separate and quantify tocopherols (all
vitamers, a, B, y, 8), while reversed-phase LC (RP-LC) coupled to a
photodiode array and electrospray ionization MS (HPLC-PDA/ESI-MS)
was employed for the quali-quantitative analysis of cannabinoids and
phenolic compounds.

Such characterization could promote a significant increase in the
knowledge of hemp seed-based food products as a functional food,
which confers enhanced benefits in the human health.

2. Materials and methods
2.1. Materials and reagents

All solvents, standard materials and reagents, were purchased from
Merck KGaA (Darmstadt, Germany), apart for tocopherols and toco-
trienols standards that were purchased by Extrasynthese (Genay Cedex,
France). LC-MS grade water, acetonitrile (ACN), formic acid, reagent
grade ammonium formate and water from aMilli-Q SP ReagentWater
System, were used for HPLC-PDA/ESI-MS analyses and sample prepa-
ration of cannabinoids and polyphenols.

Reagent grade n-Hexane, 2-propanol (IPA) were used for NPLC-FLD
analyses of tocopherols.

Reagent grade n-Hexane, methanol (MeOH), IPA and distilled water
were used for polyphenols, tocopherols and cannabinoids extraction.

Reagent grade Ethanol (EtOH), diethyl ether (Et;O) chloroform
(CHCl3), potassium hydroxide (KOH), powdered anhydrous sodium
sulphate (NaSO4), BSTFA [N,O-bis(trimethylsilyl) trifluoroacetamide]
+ 1% TMCS (trimethylchlorosilane) kit, anhydrous pyridine and
distilled water were used for the extraction of the unsaponifiable
fraction.

A C7-C40 saturated alkanes (1000 g/mL) standard mixture in hexane
and C4-C24 even chain fatty acid standard mixture were used as refer-
ence homologue series for linear retention indices (LRIs) calculation.

The a, B, y, d-tocopherol and a-tocotrienol standards were used for
quantitative analysis of vitamin E.

Luteolin-7-O-Glucoside, Hydroxytyrosol 4-O-Glucoside and N-Trans-
Caffeoyltyramine standards were employed for quantitative analysis of
phenolic compounds.

Cannabidivarinic acid (CBDVA), cannabidivarin (CBDV), cannabi-
diolic acid (CBDA), cannabigerolic acid (CBGA), cannabigerol (CBG),
cannabidiol = (CBD), etrahydrocannabivarin (THCV), tetrahy-
drocannabivarinic acid (THCVA), cannabinolic acid (CBNA), cannabinol
(CBN), Ag—tetrahydrocannabinol (AQ—THC), As—tetrahydrocannabinol
(AS-THC), A9-tetrahydrocannabinolic acid (Ag-THCA), cannabicyclol
(CBL), cannabichromene (CBC), cannabichromenic acid (CBCA) stan-
dards were used for quali-quantitative analyses.

2.2. Samples

A total of seven hemp seed-based food products were investigated:
four different hemp seed oils, two hemp seed flours (variety Futura 75)
and one flour by-product (variety Futura 75). Oils 1-4 (variety Futura 75
for oils 1, 2 and 4, and variety Jubileu for oil 3) were provided by
Canapar (Ragusa, Italy), Molino Crisafulli (Caltagirone, Italy), Canapu-
glia (Bari, Italy) and Marishanti (Ragusa, Italy) companies and they were
obtained by cold pressing of hemp seeds (without any filtration). Flours
were supplied by Canapar and Molino Crisafulli and were obtained by
stone milling of hemp seed after cold pressing and sieving, while the
flour by-product was provided by Canapar and represents the coarse
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residue of the sieving process.

2.3. Sample preparation, instrumentation and analytical conditions
2.3.1. GC-FID/MS

2.3.1.1. Volatile profile analysis by GC-FID/MS. Volatile profile of hemp
seed oils, flours and by-products was investigated coupling headspace
solid phase micro-extraction (SPME) with GC analysis, by using a gas
chromatograph coupled to mass spectrometer (GC-MS) or flame ioni-
zation detector (GC-FID) for qualitative and quantitative purposes,
respectively. In particular, for the extraction were selected the following
condition: sample amount 2 mL for oil, 1.0 g. for flours and flour by-
product; DVB/CAR/PDMS 50/30 um SPME fiber, 1 cm long (Merck
KGaA, Darmstadt, Germany); conditioning time of 5 min at 60 °C;
extraction time of 50 min at 60 °C and stirring rate of 300 rpm.

After the extraction, the analytes were thermally desorbed for 1 min
at 260 °C in the GC injector port in splitless mode.

GC-MS analysis were performed by using a GCMS-QP2020 instru-
ment (Shimadzu, Duisburg, Germany), equipped with a split-splitless
injector and an inlet liner, direct SPME type, straight design unpacked
(Merck KGaA, Darmstadt, Germany). The injector was equipped with a
Thermogreen LB-2 Septa, plug (Merck KGaA, Darmstadt, Germany), and
the temperature was set at 260 °C. The separation was achieved on a
SLB-5 ms [silphenylene polymer with similar polarity to poly(5%
diphenyl/95% dimethyl siloxane)] (30 m L. x 0.25 mm L.D., 0.25 pm d.
£.) capillary column (Merck KGaA (Darmstadt, Germany)).

GC analytical parameters were as follows: carrier gas (He at constant
linear velocity, 30 cm/s), initial pressure of 24.6 kPa; temperature
program from 40 °C held for 1 min to 350 °C at 3 °C /min held for 5 min.

With regard to the MS conditions, the samples were analyzed in full
scan mode, using a mass range of 40-500 m/z, with a scanning rate
interval of 0.2 s.

MS interface and ion source temperatures were 250 °C and 220 °C,
respectively. Data were acquired and processed by using the GCMSso-
lution ver. 4.50 software (Shimadzu, Duisburg, Germany). The mass
spectral databases used were: the W11N17 (Wileyl1-Nistl7, Wiley,
Hoboken, USA); and FFNSC 4.0 (Shimadzu, Kyoto, Japan). The identi-
fication was performed applying spectral similarity match over 85% and
linear retention index (LRI) filter window (calculated using a C7-C40
saturated n-alkane homologue series) of & 10 LRI units.

GC-FID analyses were carried out on a GC-2010 instrument (Shi-
madzu, Duisburg, Germany), equipped with the same injector and liner
described above for the GC-MS system. The analytical condition in terms
of column, temperature program, carrier gas, linear velocity, injection
parameters were the same as for MS applications. The initial inlet
pressure was 97.4 kPa. FID parameters were as follows: temperature,
280 °C (sampling rate 200 ms), Hy flow rate, 40 mL/min; make-up gas
(N3), 30 mL/min; air flow rate, 400 mL/min.

Data acquisition and processing were performed by using the Lab-
Solution ver. 5.92 software (Shimadzu, Duisburg, Germany). Quantita-
tive results were determined as peak area percentage. Samples were
analyzed in triplicates.

2.3.1.2. Unsaponifiable profile by GC-FID/MS. The phytosterols were
extracted from hemp seed oils according to a procedure reported by
Aloisi et al. (2020). For this purpose, 10 mL of a 2 N KOH/EtOH solution
was added to 1 g of oil, subsequently heated to 80 °C. The mixture was
maintained under reflux condition and magnetic stirring for 2 h, and
then extracted once with 20 mL and other two times with 15 mL of Et;0.
The extracted fractions were combined, washed with 10 mL of distilled
water and dried with anhydrous Na;SO4. The solvent was evaporated
under low-pressure conditions at 37 °C.

Finally, the unsaponifiable fraction was dissolved in 500 pL of CHClg,
as derivatization mixture 200 pL of BSTFA (1% TMCS) and 200 pL of
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pyridine were added. The solution was heated at 70 °C for 20 min, and
then the derivatized sample was injected.

The analyses of unsaponifiable fraction were carried out on a GCMS-
QP2020 instrument (Shimadzu, Duisburg, Germany) equipped with a
split-splitless injector (280 °C) and an AOC-20i autosampler. Separa-
tions were performed on a SLB-5 ms [silphenylene polymer with similar
polarity to poly (5% diphenyl/95% dimethyl siloxane)] 30 m x 0.25 mm
L.D. x 0.25 um d.f. capillary column Merck KGaA (Darmstadt, Germany)
and the temperature program was as follows: from 50 °C to 360 °C at
3.0 °C/min. The injection volume was 0.5 pL with a split ratio of 1:50.
Helium was employed as carrier gas, with a constant linear velocity of
30 cm/s and an initial inlet pressure of 26.6 kPa.

The following MS parameters were employed: mass range, 40-550
m/z; ion source temperature, 220 °C; interface temperature, 250 °C;
event time, 0.20 s. Data were acquired and processed by using
GCMSsolution ver. 4.50 software (Shimadzu, Duisburg, Germany). The
identification procedure was performed automatically by the software,
based on a dual-filter LRI/MS search algorithm after the loading of the
LIPIDS Mass Spectral Library ver. 1.0 and FFNSC Library 4.0 (Shimadzu,
Kyoto, Japan). LRI values were calculated after the injection of FAMEs
C4-C24 and saturated n-alkanes C7-C40 standard mixture as references
homologue series. Peak assignment was based on a MS spectral simi-
larity higher than 85% and a + 10 LRI tolerance window.

GC-FID analyses were carried out on a GC-2010 instrument (Shi-
madzu, Duisburg, Germany) equipped with a split-splitless injector, an
AOC-20i/s autosampler and an FID detector. The analytical condition in
terms of column, temperature program, carrier gas, linear velocity, in-
jection parameters were the same as for MS applications. The initial inlet
pressure was 97.4 kPa. The injector temperature was set at 280 °C.

FID parameters were as follows: temperature, 280 °C (sampling rate
200 ms), Hy flow rate, 40 mL/min; make-up gas (N3), 30 mL/min; air
flow rate, 400 mL/min.

Data acquisition and processing were performed using the LabSolu-
tion ver. 5.92 software (Shimadzu, Duisburg, Germany). Quantitative
results were determined as peak area percentage. Samples were
analyzed in triplicates.

2.3.2. HPLC-FLD and UHPLC-PDA/MS

2.3.2.1. Tocopherol profile by NPLC-FLD. Hemp seed oils were prepared
by dissolving 0.2 g of oil in 1 mL of hexane, while seed flour and seed
flour by-product were extracted by solvent maceration. Briefly, 40 g of
sample was mixed with 50 mL of n-hexane and stirred for 40 min. The
hexane fraction was recovered after centrifugation (10 min at 3000 rpm)
and the solvent was completely evaporated by using a rotary evaporator.
The dried residue was re-dissolved in n-hexane. Quantification was
carried out by external calibration curves of a, f, 8, y tocopherols and «
tocotrienol, in the range between 0.05 and 2.5 ppm, according to the
validation reported in a recent paper (Dugo et al., 2020).

The analyses of tocopherols were carried out by using a Shimadzu
Nexera-X2 (Shimadzu, Duisburg, Germany), including a CBM-20A
controller, two LC-30 AD dual-plunger parallel-flow pumps, a DGU-
20ASR on-line degasser, an autosampler SIL-30 AC, a CTO-20 AC col-
umn oven, and a RF-20AXS fluorescence detector with cell capacity 12
pL and xenon lamp. Excitation and emission wavelengths were 290 nm
and 330 nm, respectively.

Chromatographic separations were performed by keeping the oven
temperature at 25 °C using an Ascentis Si (250 L. x 4.6 mm L.D., 5 um d.
p.) Merck KGaA (Darmstadt, Germany) column, in isocratic mode: n-
hexane and IPA (99:1, v/v). Flow rate was set at 1.7 mL/min and in-
jection volume was 5 pL.

Data acquisition and processing were performed using the LCsolu-
tion software ver. 5.85 (Shimadzu, Duisburg, Germany).

2.3.2.2. Cannabinoid profile by UHPLC-PDA. Cannabinoids were
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extracted from hemp seed oils by using the procedure described in Citti
etal. (2018). Briefly, 100 pL of the hemp seed oils were diluted with 400
pL of IPA. The mixtures were placed for 10 min in an ultrasonic bath and
then filtered with 45 pL nylon filter. The quantification was performed
using external calibration curve for each cannabinoid. The analyses of
cannabinoids were performed on the integrated UHPLC system LC-2040
3D Nexera-i PDA (Shimadzu, Duisburg, Germany).

The separation was carried out on an Ascentis Express C18 column
(150 L. x 3.0 mm L.D., 2.7 pm d.p.; Merck KGaA, Darmstadt, Germany)
with 5 mM of ammonium formiate in water with 0.1% formic acid as
solvent A and ACN with 0.1% formic acid as solvent B, under the
following gradient: 0—-4.5 min, 67% B; 4.5-6 min, 67-95% B, 6-8 min,
95% B.

Injection volume, flow rate and oven temperature were 5 pL, 1 mL/
min, and 40 °C, respectively.

The PDA parameters were as follow: sampling frequency, 4.1667 Hz;
time constant, 0.480 s; wavelength range 200-400 nm. The chromato-
grams were extracted at 228 nm.

Labsolutions Ver. 5.85 (Shimadzu, Duisburg, Germany) was used for
data collection and processing.

2.3.2.3. Phenolic compounds by UHPLC-PDA/ESI-MS. Phenolic com-
pounds from hemp oils, flours and by-products were extracted by using a
slightly modified procedure by Montedoro et al. (1992). In brief, 1 mL of
n-hexane were added to 1 g of hemp seed-based food products and the
mixtures were homogenized for a few minutes. Then, 1 mL of MeOH/-
water (80:20 v/v) was added to the mixture and, after 5 min agitation,
the sample was extracted for 5 min in an ultrasonic bath. Finally, the
mixture was centrifuged for 10 min at 3000 rpm and the MeOH/water
phase was collected. The oil and solid matrices were then extracted
twice more with the same procedure described above. Afterward, the
three MeOH/water phases were pooled and washed with 1 mL of
n-hexane. The external calibration method was employed for the
semi-quantification of all the analytes of interest.

The semi-quantification of phenylpropionamides was performed by
UHPLC-PDA analysis using N-trans-caffeoyltyramine in the range be-
tween 0.5 and 150 mg/L at 320 nm extraction wavelenght, while
luteolin-7-O-Glucoside and hydroxytyrosol-4-O-Glucoside in the range
0.5-50 mg/L were used for the semi-quantification of flavone glycosides
and phenolic acids at 320 nm and 268 nm extraction wavelenghts,
respectively. Finally, the semi-quantitative analysis of cannabinoids was
carried out by using calibration curves of CBDA and CBD in the range of
0.5-150 mg/L and CBGA and THCA in the range between 0.5 and 50
mg/L at 228 nm extraction wavelenght. Specifically, CBDA was used as
standard compounds for the (semi-)quantification of CBDA and CBDA-
C4; CBD was the standard compounds for the (semi-)quantification of
CBEA-A, CBEA-B, CBDVA, CBDV, CBEA and CBD; CBGA was the refer-
ence compound for the (semi-)quantification of CBGA and 6,7-Epoxy-
CBGA,; the curve of THCA was employed for the semi-quantification of
CBTA.

The UHPLC-PDA/ESI-MS analyses of phenolic compounds were
performed on a Nexera Series LC-40 (Shimadzu, Duisburg, Germany)
equipped with a CBM-40 controller, one LC-40B X3 dual-plunger par-
allel-flow pumps, a CTO-40C column oven, a SIL-40CX3 autosampler, an
SPD-M40 photo diode array detector, and LCMS-8050 triple quadrupole
mass spectrometer equipped with an ESI interface (Shimadzu, Duisburg,
Germany) and used in MS mode only, while the collision cell and the
second quadrupole act as fly-through zone.

Phenolic compounds were separated on an Ascentis Express C18
column (150 L. x 4.6 mm LD., 2.7 um d.p.; Merck KGaA, Darmstadt,
Germany), with 0.1% formic acid in water (pH = 3; solvent A) and 0.1%
formic acid in acetonitrile (solvent B) was employed under the following
conditions: 0-~15 min, 5-50%B; 15-35 min, 50-70%B; 35-41 min, 100%
B. The flow rate was 1 mL/min.

The injection volume was 5 pL and the oven temperature was set at

Journal of Food Composition and Analysis 117 (2023) 105151

30 °C.

The PDA parameters were performed in the wavelenght range
200-400 nm, sampling frequency 40 Hz, time constant 0.025 s. The
chromatograms were extracted at 228 nm, 268 and 320 nm for canna-
binoids, phenolic acids (and derivatives) and lignanimides, hydrox-
ycinnamic acids (and derivatives) and flavonoids (and derivatives),
respectively.

The MS acquisitions were performed using ESI source operating both
in positive (+) and negative ionization modes (-), with the following
parameters: interface and desolvation temperature were set at 300 °C
and 525 °C, respectively; heat block temperature, 400 °C; nebulizing gas
flow (N3), 3 L/min; drying gas flow (N3), 10 L/min; acquisition range,
100-1500 m/z (+/-).

Data acquisition and processing was handled by the LabSolution ver.
5.95 software X2 (Shimadzu, Duisburg, Germany).

3. Results and discussion
3.1. Volatile profile composition

Hemp volatile fraction is responsible for the typical aroma and fla-
vor, and may also be responsible for a wide range of biologically rele-
vant effects.

Fig. 1 shows GC-MS volatile fraction profiles of oil 1, flour 1 and flour
by-product. A total of 253 compounds were identified in hemp samples:
10 furans, 5 amines, 43 alcohols, 9 esters, 103 terpene hydrocarbons, 31
hydrocarbons, 22 aldehydes, 20 ketones and 10 acids as reported in
Table S-1.

In general, the GC data of the analysed hemp products are in
accordance with previous findings in literature related to the volatile
fraction of hemp flowers (Palmieri et al., 2020; Pellati et al., 2018).

All the hemp samples analysed in this study displayed the same
qualitative profile: terpene hydrocarbons were the most represented
class of compounds, ranging between 27% and 67% of the total peak
area. Among them, the most abundant were -myrcene (14%), a-pinene
(11%) and limonene (8%).

It is noteworthy that p-myrcene is the prominent compound in the
volatiles fraction of all sample, except in oil 3, that showed a notably
high amount of a-pinene.

As for sesquiterpene hydrocarbons, the flour samples showed higher
abundance of this class of compounds than hemp seed oils. In particular,
(E)-caryophyllene was the most abundant compound found in all the
samples, followed by a-humulene; in literature it is reported that the
latter possess anti-inflammatory activity due to interaction with
cannabinoid receptors and gastric cytoprotective activity (Pellati et al.,
2018; Stenerson and Halpenny, 2017; Tambe et al., 1996).

Hemp seed flour samples resulted richer in hydrocarbons and esters
than hemp seed oil samples, which showed higher relative percentage
concentration of ketones and aldehydes.

In general, a considerable variability in quantitative composition
was observed also within the same type of samples, as reported in
Fig. S1. In this respect, oil 4 resulted to significantly differ from other
hemp seed oils for a lower amount of terpene hydrocarbons and a higher
amount of alcohols. Oils 1, 2 and 3 were more similar, with comparable
quantities of esters; hemp seed oil 2 was found to be richer in acids than
the other samples, as shown in Fig. S1.

Concerning hemp seed flour samples, the most representative com-
pounds are terpene hydrocarbons, alcohols, hydrocarbons, and alde-
hydes, while the flour by-product showed a lower percentage of
hydrocarbons and acids and a higher percentage of terpene hydrocar-
bons. The use of recycling strategies of this kind of by-products is
therefore useful for the recovery of such biomolecules with beneficial
properties.
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Fig. 1. GC-MS volatile fraction profiles of oil 1, flour 1 and flour by-product.

3.2. Unsaponifiable fraction composition

The health benefits of the unsaponifiable fraction of vegetable origin
are correlated to the prevention of cardiovascular diseases. However,
this class of compounds in hemp products has been poorly investigated
by researchers despite the potential relevance that it may have for the
development of plant-derived pharmaceutical drugs and nutraceutical
compounds.

In this research, after extraction and conversion into more volatile
compounds, the determination of this interesting fractions in hemp seed
oils (n = 4) was performed by GC—MS/FID.

Fig. 2 reports the representative GC-MS profile obtained for one of
the oils, since all the samples showed similar profiles.

As shown in Table S2, 57 compounds was positively identified in the
unsaponifiable fraction. Regard to the sterols, p-sitosterol was the most
abundant phytosterol, followed by campsterol and A-5-avenasterol.

From a quantitative point of view, considering only the phytosterol
fraction, p-sitosterol ranged from a minimum of 61.44% (oil 2) to a

(x1,000,000)

maximum of 64.13% (oil 3). As regard campesterol, the higher level was
encountered in oil 3 (12.02%). The minimum amount of A-5-avenasterol
was found in oil 1 (8.67%), and a higher content was reached in oil 2
(10.24%).

These results are in accordance with Montserrat-de la Paz et al.
(2014) and Blasi et al. (2022) that reported p-Sitosterol (> 60%),
campsterol (~ 18%) and A-5-avenasterol (> 5%) as predominant com-
pounds in the phytosterol fraction of hemp seed oils.

In comparison to the common vegetables oils, the sterol content in
hemp seed oils was similar to canola, soybean and sunflower oils
(Ghazani and Marangoni, 2013) and twice the olive oil (Montserrat-de la
Paz et al., 2014).

Another interesting compound, belonging to the aliphatic alcohol
fraction, is phytol, which accounts for a minimum of 1.59% (oil 2) and a
maximum of 2.63% (oil 1) of the total unsaponifiable fraction. Phytol, a
constituent of chlorophyll, is mainly found in food, such as spinach,
beans, raw vegetables, and asparagus, and has both anticancer and
antioxidant activities (Vetter et al., 2012).
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] 47 Clerosterol
1.504 48 B-Sitosterol
] 49 §-5-avenasterol
] 45 50 B-Amyrin
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Fig. 2. Six-minutes expansion of the GC-MS chromatogram relative to the unsaponifiable profile of a hempseed oil. Sterols were detected as trimethylsilyl ether.
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As the linear aliphatic alcohol, hexacosanol represent the most
representative compounds, with a mean value of 0.2% in oils 2-4, up to
0.43% in oil 1. The second abundant compounds in this chemical class is
tetracosanol, going from an average percentage of 0.05% for oil 2 to
0.17% for oil 1. Several studies have shown that mixtures of a long-chain
primary alcohols extracted from a by-product of olive oil has a potent
effect on some mediators involve in inflammatory response (Fernande-
z-Arche et al., 2009).

Regarding squalene, it was found in low concentrations in all sam-
ples. The maximum amount was detected in oil 1 (0.36%) and the
minimum amount in oil 3 (0.18%). These values are completely
different in comparison to other plants (e.g. olive tree) where are rich in
squalene (Ostlund et al., 2002).

3.3. Tocopherol composition

Tocopherols were analyzed by NPLC coupled with a FLD. Peak
identification was obtained by comparing the retention time of the
sample with a standard solution.

In term of quantification, the total amount of tocopherols in hemp-
seed oil ranged around 80-150 mg per 100 g of oil (Leonard et al.,
2020).

As can be observed in Table 1, the highest total tocopherol levels
were determined for flour 2 (99.73 mg/100 g), followed by flour 1
(66.12 mg/100 g) and flour by-product (64.61 mg/100 g), while no
significant differences were determinated for hemp seed oils; a slightly
lower value was measured in oil 3 (54.83 mg/100 g).

These results are in accordance with Anwar et al., (2006) and Blasi
et al. (2022) that reported the content of total tocopherol in the range of
63.03-111.8 mg/100 g for hemp seed oils from different geographical
origins; similar results were obtained by Teh and Birch (2013) who
showed a total tocopherol value of 59.16 mg/100 g for cold-pressed
hemp seed products.

On the contrary, Smeriglio et al., (2016); and Izzo et al., (2020) re-
ported a total tocopherols content in hemp seed oil of 11.40 mg/100 g
and in the range 3.47-13.25 mg/100 g, respectively.

These different ranges of total tocopherols content might be due to
the type of process conditions. Lower tocopherols content in vegetable
oils can be attributed to many factors e.g. storage time, temperature or
oxygen exposure (Blade et al., 2006).

Overall, in hempseed products the y-tocopherol is dominant
(85-91% of the total amount of tocopherols), followed by «, and
8-tocopherol, which are present at low concentrations, in the range of
1.70-4.00 mg/100 g.

From a nutritional point of view, intestinal absorption of y-tocoph-
erol is comparable to that of a-tocopherol, and it could play a specific
role in the preventive side effects of some radicals like peroxynitrite and
NOy (Ruperez et al., 2001).

With regard to a-tocotrienol and p-tocopherols, they were not
detected in the analysed samples.

3.4. Cannabinoid profiling by fast UHPLC-PDA

In the last decade, the scientific community has paid increasing
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attention to the role of cannabinoids in the human body, investigating
both beneficial and toxic effects (Leghissa et al., 2018).

Among them, CBD is the most important non-psychoactive canna-
binoid contained in the seeds of cultivars used for the production of
hemp seed oil, while it is crucial to guarantee the absence of the THC,
due to its psychotropic effect. Specifically, both CBD and THC derive
from CBGA through reaction promoted by the CBDA-synthase and
THCA-synthase, respectively.

The "legal" varieties that can be used for the production of seeds and
fibers must not contain the enzyme THCA-synthase, which would
convert CBGA into THCA and CBGVA (cannabigerovarinic acid) into
THCVA (Citti et al, 2018). Rather, they contain the enzyme
CBDA-synthase, which leads to the synthesis of cannabidiolic acid
(CBDA) from CBGA and CBDVA from CBGVA. Afterward, such acidic
forms can be transformed in the corresponding neutral molecules (CBD,
CBDV, A°-THC, THCV) through thermal decarboxylation reaction or
undergo oxidation following air exposition and be converted into CBN
(Russo, 2011).

Then, the total cannabinoid profile can be related to both genotype
information and storage conditions. For this reason, in the last decade
researchers address many efforts to the development of rapid and reli-
able methods for the analysis of cannabinoids to gain the needed in-
formation with minimal sample treatment and limited chemical
reagents use (La Tella et al., 2022).

Within this context, in the present work a high-speed analytical
method was used to obtain a preliminary investigation of the main
cannabinoids in hempseed products. Using a partially porous C18 col-
umn, it was possible to obtain a satisfactory separation of 16 cannabi-
noid standards in about 6 min. Fig. 3 reports the UHPLC-PDA profiles
obtained for the mixture above-mentioned (A) and the oil 1 (B), as
representative of all the analysed oils, quite similar from a qualitative
point of view. The obtained chromatographic profile for the oils was in
partial accordance with a previous studies on a commercial hempseed
oil, which reported the presence of CBDA as the main cannabinoid,
followed by a moderate content of CBD, CBDV and CBN (Citti et al.,
2018). The chromatogram in Fig. 3B is dominated by the peak of CBDA,
followed by CBD and low percentages of CBDVA, CBDV and CBGA; THC,
THCA, THCVA, THCV and CBN were not detected, meaning that the
analyzed hempseed oils derived from "legal" varieties and they were
properly stored avoiding or minimizing oxidation reactions.

3.5. Phenolic compounds and cannabinoids composition

Phenolic compounds include more than ten thousand molecules with
various therapeutic properties i.e. antioxidant and anti-inflammatory. In
particular, their presence is associated with a decrease in the risk of
stroke, myocardial infarction and diabetes, but also with the improve-
ment of insulin resistance and systemic inflammation conditions (Fraga
et al., 2019; Mukherjee and Chakraborty, 2021; Lowe et al., 2021).

Among them, the main compounds in hempseed products are
hydroxycinnamic acid amides, lignanamides and cannabinoids. The first
ones is the results of the phenylpropanoid pathway with tyrosine and
phenylalanine as precursors, on the contrary lignanamides are derived
from the oxidative coupling between hydroxycinnamic acid amides

Table 1

Tocopherol content (mg/100 g + standard deviation) in hemp seed-based food products.
Compound Oils Flours Flour by-product

0Oil 1 0il 2 0il 3 0il 4 Flour 1 Flour 2

o -tocopherol 3.88 £ 0.00 2.91 £ 0.03 2.75+£0.01 2.43 £ 0.00 3.67 £ 0.09 3.42 £ 0.01 4.00 £ 0.10
a-tocotrienol < LOD < LOD < LOD < LOD < LOD < LOD < LOD
B-tocopherol < LOD < LOD < LOD < LOD < LOD < LOD < LOD
y-tocopherol 57.10 £+ 0.09 54.72 + 1.59 50.09 + 0.00 55.13 + 0.06 59.81 + 0.11 93.64 + 0.10 58.70 + 0.23
8-tocopherol 1.74 £ 0.01 1.89 +£0.01 1.99 £+ 0.01 1.7 £ 0.00 2.64 £ 0.08 2.67 £0.02 1.91 +0.07
Total 62.72 59.52 54.83 59.26 66.12 99.73 64.61
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Fig. 3. LC-PDA profile of cannabinoids in A) mixture of 16 analytical standards. B) Oil 1.

monomers. As for cannabinoids, they can be also classified as terpeno-
phenolic compounds, which are biosynthesized from the phenolic
acid, olivetolitic acid and the monoterpene geranylpyrophosphate. Until
now, more than 100 phytocannabinoids have been identified, most of
them have demonstrated potential benefits, such as antiepileptic, anal-
gesic, neuroprotective and anticonvulsant efficacy (Harris et al., 2016;
Reddy, 2016; Yamaori et al., 2011; Zuardi et al., 1982).

In particular, due to the larger number of cannabinoids involved in
real samples, the fast and sustainable approach reported in the previous
section can be considered just preliminary and an untargeted charac-
terization is needed, by exploiting the MS signals for the identification of
unknown peaks for which commercial standards are not available.

For this reason, the investigation of cannabinoids and phenols
compounds was carried out in hemp seed oils, hemp flour and hemp

mAU

flour by-product via UHPLC-PDA/ESI-MS.

The profiles of phenolic and cannabinoid compounds of the oil 1,
flour 1 and flour by-product are shown in Fig. 4.

The compounds were identified according to the complementary
information coming from PDA and MS spectra in combination with data
already reported in the literature. Two organic acids and fifty phenolic
compounds were positively detected and quantified; among them, 31
phenylpropionamides (9 hydroxycinnamic acid amides and 22 ligna-
namides), 4 phenolic acids, 1 lignan, 2 flavones and 12 cannabinoids
were identified. A detailed list of the identified and quantified (mg/L of
the sample) compounds in the seven hemp derivate products is pre-
sented in Table S3.

For quantitative purposes, all the identified compounds were quan-
tified using the external standard calibration method. Calibration curves
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Fig. 4. LC-PDA profiles of phenolic and cannabinoid compounds of the oil 1, flour 1 and flour by-product.
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for each standard compound were built using the area obtained in the
chromatogram at A 228 nm for cannabinoids, at A 268 nm for phenolic
acids and at A 320 nm for lignanamides, hydroxycinnamic acid and
flavonoids, after triplicate injections at each concentration level.

Those compounds for which a commercial standard was not avail-
able were quantified using the calibration curve of the structurally
closest related standard assuming a similar response in the PDA and
having similar UV-Vis absorption maxima.

Fig. 5 shows the contribution of each chemical classes and canna-
binoid in terms of total concentration values (mg/Kg) in the seven
hempseed products investigated.

As the result, the content of phenols in the flours
(839.92-862.75 mg/Kg) and flour by-product (1345.16 mg/Kg) was
significantly higher than in the hemp oils (1.03-7.91 mg/Kg). A similar
trend was also found in pumpkin seeds (Pericin et al., 2009).

Cannabinoids were the most abundant class in hemp seed oils, in
particular, oil 4 has been showing only the presence of cannabinoids, on
the contrary, flour 1 presented almost the same amount of cannabinoids
(488.21 + 3.06 mg/Kg) and lignanamides (485.03 + 1.51 mg/Kg), the
results are showed in Fig. 5.

Among cannabinoids in the hempseed oils, cannabielsoin acid
(CBEA) was the most abundant compound, in the range from 125.45
+ 0.13 mg/Kg in oil 2 to 25.63 + 0.70in oil 4.

The second most abundant compound was CBDA in a minimum
range of 10.89 + 0.85 mg/Kg in oil 3 to a maximum of 124.75
+ 1.63 mg/Kg in oil 1, followed by CBDVA from 35.58 + 0.23 mg/Kg
(oil 1) to 83.23 + 0.54 mg/Kg (oil 2), these significant differences in
quantitative profiles between the samples could be due to the produc-
tion process and storage conditions. These results are in accordance with
studies previously reported for other samples (Christinat et al., 2022;
Citti et al., 2018).

Conversely, cannabinoids’ quali-quantitative profiles in flours were
very similar between them and richer than the hempseed by-product;
specifically, the most abundant were CBDVA (from a maximum of
160.15 + 1.16 mg/Kg in flour 1 to a minimum of 29.15 + 0.13 mg/Kg
in flour by-product), followed by CBDV (130.01 + 0.93 mg/Kg in flour 1
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and 25.81 +0.05mg/Kg in flour by-product)), CBEA (111.58
=+ 0.62 mg/Kg in flour 2) and CBDA (45.59 + 0.43 mg/Kg in flour 2 and
20.36 + 0.06 mg/Kg in flour by-product).

Regarding CBD, which is responsible for several pharmacological
activities, it was detected in all the investigated samples.

The most abundant values were found in the hempseed oils, in the
range from 4.72 + 0.06 mg/Kg to 33.03 + 0.09 mg/Kg; on the contrary,
the lower concentrations were observed in the flours and flour by-
product (from 4.81 + 0.05-18.13 + 0.16 mg/Kg).

Finally, the ratio between CBDA and CBD was also calculated, since it
could be an important marker of genuineness for hemp seed oil
regarding the cold pressing and good storage conditions. This is due to
the decarboxylation reaction that transformed the CBDA into CBD. In
each sample, this ratio was higher than 5:1, in particular, the ratio was
around 20:1 and 10:1 in the oil 2 and oil 1, respectively.

These results suggested the high quality and a good storage of the
hempseed products.

As for lignamides, which resulted the second most abundant class of
phenolic compounds, they appeared only in flours and flour by-product,
accounting for more than 35% of the total quantified compounds; in
particular, the richest sample was flour by-product (801 + 1.63 mg/Kg),
followed by flour 2 (488.18 + 4.02 mg/Kg) and flour 1 (485.03
=+ 1.51 mg/Kg). Cannabisin A and B were the most predominant com-
pounds of this group, being flour by-product the richest one (159.65
+ 3.39 mg/Kg).

Concerning the hydroxycinnamic acids derivatives, the biggest
amount was detected in the flour by-product (450.67 + 8.58 mg/Kg)
followed by flour 2 (258.17 + 2.25 mg/Kg) and flour 1 (248.89
+ 1.46 mg/Kg), while they were found in poor amounts in hempseed
oils. The predominant compound in this fraction was N-trans-caffeoyl
tyramine, with a concentration of 140.23 + 2.25 mg/Kg and 270.24
+ 8.62 mg/Kg, in flour I and flour by-product, respectively.

The phenolic acid class, which consists only of benzoic acid, repre-
sented around 1% of the total quantified compounds, being flour 1
(20.44 + 0.08 mg/Kg) and flour 2 (24.30 + 1.53 mg/Kg) the most
concentrated samples in this chemical class, while they were detected at
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Fig. 5. Contribution of each chemical class and cannabinoid in terms of total concentration values (mg/Kg) in the seven hempseed products investigated. An
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low levels only in two hempseed oils.

On the other hand, flavone glycosides, which only appear in flours
and flour by-product, showed overall concentrations between 14.23
+0.32 and 20.49 + 0.25 mg/Kg, being flour I the sample with the
lowest concentration and flour by-product the richest one.

Finally, phenolic glycosides, which are the sum of hydroxytyrosol
hexoside and dihydroxybenzoic acid hexoside, were quantified at the
highest level in flour I (94.16 + 3.36 mg/Kg).

As in the case of terpenes and tocopherols, the by-product can be still
considered a rich source of bioactive compounds.

4. Conclusion

The result of this study confirm the nutritional value of hemp seed-
based food products, thanks to the presence of minor and secondary
metabolites.

To the best of the author’s knowledge, a comprehensive character-
ization of the minor fraction of hemp seed oils, flours and flour by-
product through the analysis of volatile compounds, unsaponifiable
fraction, tocopherols, phenolic compounds and cannabinoids, has been
carried out in the present work for the first time.

All the investigated samples showed the same qualitative profiles
with respect to all the chemical classes, while quantitative differences
were detected even within the same type of samples (oils or flours).
Within this context, the analysis of secondary metabolites can be
extremely useful for the evaluation of storage conditions and the influ-
ence of technological processed on the chemical composition, which
determines the biological activity of such food products. As an example,
the noticeable content of CBDA was confirmed in all the analyzed oils,
thus pointing out the effect of “contamination by inflorescences”of hemp
seeds. Such contamination makes necessary the analysis of the canna-
binoid profile to guarantee the absence of THC in the final products.
Also, the ratio between the acidic form (CBDA) and the neutral CBD
confirmed a care in preserving the raw material from oxidation prior and
during the technological process leading to the production of the oil, as
well as proper storage conditions.

In conclusion, hemp seed-based food products can be claimed as
healthy food due to both a high nutritional value and favourable content
of secondary metabolites, such as terpenes, phytosterols, tocopherols,
phenolic compounds and cannabinoids.

The present work is intended to the valorisation of such un-
conventional food products, paying also attention to the waste prod-
uct, still rich in bioactive molecules.
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