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Abstract
In the last decade¢here has beenraisingdemand for hemproductsfrom legalCannabis
sativaL. with tetrahydrocannabinolTHC) content < 0.3%to beemployedfor different
industrialuses due tothe spread of its cultivation and preference in sustainable agreultur
In the European Union about 25,000 hectaresgesen, and more tharr0 varietiesare
allowed to becultivatedin agricultural systems. During hemp processamassiveamount
of biomass, mostlyepresentetby leaves and inflorescences, campbeduced and reused
to manufactureniche products. Among the latter, the essentia(Ee®), a liquid, odorous
productconsistingmainly of monoterpenes and sesquiterpeceasbea promising candidate
to beemployedin thenextyears in differensectorssuch as pest science, pharmaceuticals,
cosmetics, ando on On this basis,n Chapter 1 of this thesis, bverviewed the scientific
literatureregardingthe chemical compositions of s deriving from differentvarieties
of industrial hemp evidencing the potential ofthe use of their compounds as
pharmaceutically active drugs, pesticides, and antimicragets
In Chapter 2, | used the microwavassisted extraction (MAE) tobtain a hem@EO
enriched in bioactive constituents especially cannabidiol (CBD), from the dry
inflorescences of the Italian variety Carmagnola Selezid@&a For thisaim, the operative
parametergo enhancethe EO yield and CBD cotentin terms of microwave irradiation
power (W/g), extraction time (m), and water added to the plant matrix after moistening
(%), were optimizedhrougha central composite design (CCD) approach using a Milestone
Ethos X device. The conventional hydrodistillation (Hi¥as used for comparative
purposesThe qualitative comositions ofEOs by MAE and HD weranalysedoy Gas
ChromatograpmMass SpectrometryGC-MS), whereas the quantitative detection of CBD
and main terpess was achieved bggas Chromatographklylame lonization DetectiorGC-
FID). Moreover theenantiomeric distribution of the chiralrponents {9 i n e-pireene, b
limonene, E)-caryophyllene and caryophyllene oxide) wa®valuated by chiral
chromatography. Results showed that the MAE treatment, using high irradiation power and
relatively long exraction timessignificantly enhancetheamountof CBD in theEO while
maintaining high oil yield valuesith respect to theonventional HD. The enantiomeric
excess othe three chiral monoterpenegas determined, with the (-€nantiomers being

prevalen, while (E)-caryophyllene and caryophyllene oxide were enantiomerically Sore.



the MAE was successfully applied to dmigmpinflorescenceso recovera CBDrich EO
thatmay be exploited idiverseindustrial applications.

In Chapter 3, | investigatedthe chemical composition of EOs obtained fromo hemp
varieties, namely Felina 32 and C®mploying monoecious, male, and female
inflorescences, and their mosquitocigabpertieon larvae and pupae of two main malaria
vectors,Anopheles gabiae and An. stephensiwere evaluatedThen, todemonstrateéhe
safe use of hemp EOs for operatorsjrtpetential pre or antiinflammatory effecialong
with their toxicological profilewereassessedn dermal fibroblasts and keratinocytes. Given
the pomising outcomes achieved by insecticidal and antnflammatory studies, a
preliminary evaluation of EOs encapsulation into nanoemulsions (NEs) hasapged out

to improve their poor physicochemical stability dgvelopng an ecefriendly formulation.
This work pointed outthe potential application of male inflorescences, which are usually
discardedduring hemp product processing. These EOs could be teglas potential
sustainablé@otanicalinsecticidesgue totheir capdility to beactiveagainst mosquitoes and
the possibilityof employingthem todevelopstable and safe formulations. Thed®alues
detectedn this study (<80 ppm) are lower, on average, than thosevetabplant EOs, with
the advantage a#xploiting an industrial waste product. From MTT assay and gene and
protein expression analysis, E@splayedno cytotoxicity at the appropriate doses and
possesse@n antiinflammatory effect on theestedhuman cell lines. Thesevidences
support further applied esearch on hemp EOs in ord&r encourageheir industrial
exploitation.

In Chapter 4, | appliedMAE as agreen extraction methddr boosting the yield and quality
pr oyl e E®whemcemppred with other conventional extractr@thods During this
process, two byroducts areobtained namely the aqueous residuecluding bioactive
phenolics and the residual deterpenated biomass, which camgaén extracted for
pur i y c aphytocannabimdidsSo far the hemp industry has nexploited these
products, although they can kmecious for the food, cosmetic, nutraceuticadnd
pharmaceutical marketThis work determinedand optimized the variabldafluencing
MAE efyciency, namely micr owa,amrd addedrwatdri at i o
thatwere studied using @CD approach, and results were fud¢o optimize the extraction
process for recovering three valuable fractjonsamely EO, polyphenols and
phytocannabinoids. The products obtaitiedughthe optimized conditions weevaluated
in terms of vyi ahddntioxicddntepoténtaln laddifion the dymroducts
from the optimized run were furthanalysedor their biological activitypeforming both
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enzymatic and neenzymatic assays. The aqueous resstosvech powerfull-glucosidase
inhibition, agoodeffecti n t er ms of superoxide radical sc.
in terms of inhibition of advanced glycatiend products formation and no activity in terms

of lipase inhibition. The residual deterpenated biomass diddisgiay considerable
biological activity This studydemonstratethe valorisationof industrial hemEO and its
by-productsresulting froma sustainable anécofriendly extractiontechnique through an
almost wastdree approach. Cannabinoidkng withother valuable bioactive ostituents
such as gl y c¢cmay bedrecoverdgddrano theerssidues of H@ extraction,
representingintereging compoundsin the pharmaceutical, cosmetiand nutraceutical
sectors

In Chapter 5, two extracts of industrial hempith different polarity (aqueous and hexane)
were assessdry determining hei r ant i oXx i dauroprotgetiveopptengalomn d t h
pharmacological targets in the central nerveystem (CNS). Several assaysinnvitro
antioxidant capacity (DPPH, superoxide radical, FRAP, ORAC), as well as inhibition of
physiological engmes namely acetylcholinesterase (AChE) and monoaminooxidase A
(MAO-A) were performedto discoverhow these extracts may be helpful to prevent
neurodegenerative @¢iasesNeurc2a cell line was selected &valuatethe cytotoxic and
neuroprotective poteial of these extracts. Both extraaissplayednotable antioxidant
capacity in the FRAP and ORAESsts particularly the hexane extract, and interesting results
for the DPPH and superoxide radical uptake assays, with the aqueous bgtragct
performant especially in the latter. In enzyme inhibition assays, the aqueous extract
exhibitedAChE and MAQGA inhibitory activities while the hexane extract onfchieved
ICsovalue for AChE inhibitory bioassay. NeuBatestsconfirmedthat polyphenolic extract

was not cytotoxic and exted cytoprotective properties against hydrogen peroxide and
antioxidant respors reducing reactive oxygen species (ROS) productidinus, hese
extracts could be a souroésubstancesvi t h potenti al beneyt on h
concerningneurodegenerative disorders.

In Chapter 6, | investigateda novel research toprepresented byaw hemp breeding lines
developed by crossbreeding of seleatatlivars In this context, thetudy focused on the
phytochemical characterization of 9 hemp commex@gkties HD wascarried ouin order
torecovertheEO, and also the sedual water and deterpenated biomass. The terpene fraction
was analysedby GGFID, GGMS, andSolid Phase MicroextractiolSPMEGC-MS),
showingdiversechemotypes. The polyphenolic profile wassessedn the residual water

and deterpenatebiomassby spectrophotometritests and byHigh-Performance Liquid
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Chromatograpmpiode-Array Detection(HPLC-DAD-MS") andProton Nuclear Magnetic
Resonance!d-NMR) analyses. The latter weresedfor qualiquantitativeevaluationof
cannabinoids in thdeterpenated materiabmpaed with the untreated on®&loreover the
glandular and noglandulanindumentunof the 9 commerciatultivarswasinvestigatedy
means oLight Microscopy(LM) andScanningElectronMicroscopy(SEM) in anattempt

to find a potential correlation with the phytochemical and morphological traits. The EO and
residual waterwere rich in monoterpenesesquiterpene hydrocarbons, and flavonol
glycosides, respectively, while the deterpendiganasswas revealedo be a source of
neutrd cannabinoids. The micromorphological survey alloweslto partly link the
phytochemistry of these varieties with the hair morphotypes. Waugk led to the
valorisationof severaproducts fromHD of new hempultivars namelyEO, residual water,

and detrpenated biomasthat were foundto be worthy of exploitation in both industrial
and health applications.

In Chapter 7, | reported the research work carried out abroad, specifically at Teagasc
Agriculture and Food Development Authority and University College (UCD) in Dublin,
Ireland. During this period, | focused on Ultrasound Assisted Extraction (UAE) and MAE
of Finola hemp inflorescences by using two advanced and novel equigaretaE prole
system and an UABMAE pilot scale extractor)and employing only water as extraction
solvent, for the recovery of phenolics, cannabinoids and profEinis.variety possessed
limited amounts of cannabinoids, especially represented by cannabidioli€C8&d\}, and

only traces of phenolic compounds. Regarding proteins, the obtained results were more
satisfactory In fact the applied techniques allowed to recover hemp extracts with higher
protein content than that of raw (untreated) heang, in some casewith respect also to
conventional extracts. The percentage amotiptoteinsvasespeciallyenhancedy adding
ethanol to the aqueous extracts resulting fppobeUAE, to facilitate their precipitatian

The most promising extracts weskaracterized in terms of free amino acid (FAA) profile
revealing the presence of all the essential AA, with an evident improvement in their content
with respect to raw hemp and partly to conventiomaracts as wellThe data were
statistically processethrough Principal Component Analysis (PCA) and cluster analysis.
The extracts were alsvaluatedhrough LGMS protein analysisyhichis still in progress

The hemp residues aff@grobeUAE were subjected t8canning Electron Microscop$EM)

for the observation of the treatment effect on the samples surface, highlightiergain

micro-structures modification by cavitation induced by these radiations.



Overall, the results of my PhD thesis provided new insights into the potentiangs
deiived compounds as valuable sources for thlearmaceutical, nutraceutical and

cosmeceutical markgtand for thedevelopment of innovativieotanical insecticides.



1. Introduction

1.1Industrial hemp (Cannabis sativd..)

1.1.1Taxonomy and classification

Cannabis sativd.., as one of the oldest cultivated crppsginated in central Asia, and then

it naturalized and wadomesticated in much of the world, by spreadmurope, Africa
and more recently in the new Worldhere it was absent untib45 (Small and Cronquist,
1976) (Figure 1). Cannabisis the type genus of Cannabaceae family, which includes
CannabisandHumulusgeneraThis family belongs to Moraceae (mulberry or fig family)

and Urticaceae (nettle familypresenting close similarities to both families (Table 1
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Figurel. Hemporigin anddistribution

Tablel. Botanical nomenclature &. sativa

Kingdom Plantae
Subkingdom Tracheobionta
Superdivision Spermatophyta
Division Magnoliophyta
Class Dicotyledons
Order Hamamelididae
Family Cannabaceae
Genus Cannabis
Species Cannabis sativa..




I n ASpeci es PthaSwedsh botanist Lindaéus Bryvided the species name
for the first time,henceCannabis sativd.., consideringsativaasthe only species which
encompasseall Cannabisplants (Clarke and Merljr2013).In 1785, the French biologist
Lamarck distinguished two specieSannabis sativaas a fibrous and taller plant, and
Cannabis indicaas a more psychoactive and shorter duager, Cannabis ruderalisvas
introducedby Janischevsky, arttie existence of these three species was supported also by
other Russian scientists, such\gvilov (Small, 1975)However, after further research,
Small and Cronquist came back to gpnionthat allCannabigplantsbelonged tcC. sativa

asa single species, including several subspecies and vafieted! and Cronquist, 1976).

C. sativapopulations can be also classifieddxsn the concentration ratios of the two main
cannabinoids found in this species, namef}t et r ahy dr o é&BHCh andi n o |
cannabidiol (CBD)In this regard, chemotype | can be identified when THC is predominant,
with nearlymissingCBD, whilechemotypdll refers to CBD prevalence, with almost absent
THC. Notably, the majoritpf C. sativapopulations belongs to chemotype THC:CBD ¥

1) (Clarke and Merlin ,2016Minor chemotypes are 1V, which characterizes plants with a
significant amount of cannabiger¢CBG), and V, which includes varieties free of
cannabinoid¢GrassiandMcPartland2017)

1.1.2Botanical description

Cannabisis an erect, annual plant, medium to tall, that can grow up to 5 m during a season
from 4 to 6 months, if exposed to a good sunligbfficient water and nutrients, and located

in well-drained soilsin temperate habitgtseeds are sown gpring,and t takes them from

3 to 7 days to germinate. The fitstie leaves arisabove theseed leavescbtyledon3 as a

pair of oppositely oriented singleaflets.The otheleavesdevelopin opposing pairs, and a
differently shaped leaf sequengeowswith the £cond pair of leavesresenting3 leaflets,

the third pair having 5, and so on up to 9,urltjl 13 leafletsThe stalks quickly elongate to
produce a bark fiber, that is useflot makingtextiles and cordag€annabigs characterized

by aninitial vigorous vegetative growth during longer days, and then it needs shorter autumn
days to flower, completing its life cycl€ontinuous dark periodsf 10 to 12 hare required

to induce floweringCannabigs typically dioecious, and in this casemale or male flowers

grow on separate plants, although monoecious or hermaphrodite individuals with both sexes



produced on the same plant exist t@@annabisis wind-pollinated (anemophilous), and

when flowering starts, the differentiation of dense clgstérround, pointed flower buds
occurs, each of them having five radial segmehssflowering continues, the number of
leaflets per leaf decreases in both sexes, until only a small single leaflet develops below each
pair of flowers. The leaf arrangemeitg@changes from opposite to alternate along the main
stalk (Clarke and Merlin, 2013)Closely clustered female flowers possess two long white,
yellowish, or pinkish stigmas (female sexual organs receptive to pollen) protruding from
each bract. The bract adheres strictly to the single oy completely surrourslit.
Hundreds of glandulatrichomes cover the bract, and these glands and their resinous
secretion may have a protective function towards the reproductive organs from excessive
transpiration, along with a repellent role against pestsafl, 197%. Male flowers have 5

light yellow or greenish petals forming the corolla. From them, 5 staragsg namely
slender anthergontaining pollenOnce they release pollen, male flowers dyellination

of the female flower leads to the browning, shriveling, and eventual loss qhatiexl
stigmas as well as swelling of thdertilized ovule inside thetubular bract. After
approximately3 to 6 weeks, the seaeachesnatuity, andthen itfalls to the ground, ois
harvested and dispersed by humdre mature, achene fruit (seedpartially surrounded

by the bract. The seed is slightly elongated and compressed, measuring 2 to 6 mm in length
and 1 to 4 mm in maximum diameter. Seed weigaitgefrom 600 seeds perig wild

varieties to only 15 seeds per g in cultivatedeties(Clarke, 1999)Figure 2)

The morphology and physiology @fannabisplant are influenced by several genetic and
environmental variables. Key environmental factors affedtieggrowth and development

of Cannabisplants are represented by temperature, sunlight, moisture, and soil conditions.
C. sativais tolerant of shade, although its biomass and pollen and seed production can be
greatly reducedCannabiscan adapt to high temperatures if there are sufficiergmeatd
nutrients, but it does not tolerate strong célichigher latitudes, hemp is commonly planted

in late spring and harvested at the end of summer, avoidirgutbenncold temperatures

and short day The pubescence of glandular trichomes arounthfterescences, especially

in female flowers, is responsibier the protection of reproductive tissues frdnying out,
slowing water loss and transpirati@annabignaturation and reproduction occur especially

in subhumid to moderately arid conditios. sativaroots can be attacked by several fungi
and cannot tolerate standing watéannabisgenerally grow®estin open environmentnd

in sandy and loamy alluvialoils; the extensive root system requires a friable but nutrient



rich soil, allowing proper root growth, adequate drainage, and efficient uptake of minerals
(Clarke and Merlin, 2013).

(annabineae

Figure2. C. sativastructure ananorphology (A) flowering male and (B) sedokaring female plant, actual size; (1) male
flower, enlarged detail; (Btamen (anther and short filamer{8) stamen (4) pollen grais; (5) female flower withract
(6) female flowemwithout bract (7) femak flower showing ovarylongitudinal section; (83eed (achene) with bra¢®)
seed without brag(10) seed, side view(11) ®ed,crosssection; (12) sed,longitudinal section; (13) seed withio
pericarp

1.2 Legal framework

According to the Regulation (EC) No 73/2009 of the Council of the European Union, and
the Regulation (EC) No 1120/2009, 1121/26081122/200%f the European Commission,
industrial hemp cultivation is subjected to some restrictions, especially concesnusg

for fiber production. Fiber hemyarieties that can be cultivated must possess a THC level
lower than 0.2% in the green parts of a standardised sample, calénlatabrdance with

the method defined by Community Regulatiadember States musheckat least 30% of

the cultivated hemp areas for industrial purposesider to ensure a THC level within 0.2%.
The Law No. 242/20168llowed hemp cultivation in Italy exclusively for fiber production or
for other industrial usesnd not for pharmacdaal purposes. Hemp varieties that can be
cultivated are those includédthe European catalogue of plant varietireaccordance with



Article 17 of Council Directive 2002/53/EGf 13 June 200ZPlant Variety Catalogues,
Databases &nformation, 1995) These plants do not fall within the drug legislation (DPR
309/1990) because their THC content is below or equal to InX#ct, according térticle

2, Paragraph 1, of Law No. 242/2016, the cultivation of these varieties is allovileouivi
requiring authorisation, which is instead needed to g2osativawith higher amount odp-
THC a®dransTHC. The lawindicates the followingossible uses for hemp:

-food and cosmetics to be produced in accordance with the disciplines of these sectors;

-semifinished products, such as fibre, hempds (shives) powders, wood chipsndfuels

for supplies to industries and craft activities in different fields, including the energy industry.
Hemp use as biomass fenergyproductionpurposes is allowed only for the compéany
self-production of energy

-material for green manure practice;
-organt material for bioengineering wordk products for green building;
-material aimed at phytoremediation of polluted sites;

-cultivations dedicated to education and demonstration activities as well as research

performedby public or private institutions;
-crops intended for horticulture.

The State Forestry Corps are responsibleforying outsampling and laboratory analgsi

on hemp crops, except for all the other controls madadwgial police The procedures for
sampling storing and analysing samples from open field cripsthe THC quantitative
determination of hemp varieties, atated according to the European Union and national
law. When sampling with crop harvesting is necessangust be carried out in the presence
of the grower, who should keep a sample for ang®checking.The seizure or destruction

of cultivated hemp can be established by the judicial authority only WHéhlevel in the
plant exceesl 0.6%.The Central Narcotics Office of the General Direction for Medical
Devices and of thBharmaceutical Servideas implementedrticles 27, 28 and 29 of DPR

of 9 October 1990 No. 90, bearing tHéonsolidated text of the laws concerning the
discipline of narcotic drugs and psychotropic substances, prevention, treatment and
rehabilitation of he relative states of drug addictioiThe Office has alsgranted the first
authorisations to the cultivation @&@. sativafrom certified seeds belonging to varieties

included in the European Cataloguer the supply of leaves and inflorescendes
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pharnaceutical plants authorized by AIFA (ltalian Medicines Agerfioy}he production of
pharmaceuticy active substancesThe farm intending to ask for authorisation for
cultivation, mustreach an agreement with a pharmaceutical plant authorized by AIFA, and
it will give the plant material exclusively to the chosen pharmaceutical fagtbrgh will

procurethe biomass only from that farm according to the agreement.

1.3European catalogue of hemp varieties

To date, 79 industrial hemp varietieave beeradmitted for cultivation by the European
catalogue of plant varieties (Plant Variety Catalogues, Databases & Information, 1995).
Agronomic and phenological traiése stragly related tdhe environmentso describing all

the agronomic characteristics of hemp varieties appears to be quite complex (De Meijer,
1995) Both industrial hemp monoecious and dioecious varieties are characterized by a short
life cycle with respecta other plants, consequentthey are capable @dapting to a vast
range of climatic condition@adia and Tofani, 1998Monoecious varietiesffer a greater
reliability in terms of uniformity and seed production and can be harvested more easily with
respect to the dioecious ones,inge endowed with interestingndustrial applications
(Mandolino et al., 20025alentijn et al, 2015Monoecious varieties were reported telg

high quality fiber by Grassi (20040n the other handdried norpollinated female
inflorescences frordioecious varieties are mostly used to extract CBD, and other bioactive
compounds such agerpenes (in the form oEO) and polyphenols(Hazekamp ath
Fischedick, 2012)Among the monoeciousultivarsthat areexploited for their industrial

uses, the mostvestigated in this PhD woike Futura 75, Felina 32 abido 31 Futura 75

and Felina 32riginated from France, where several industrial hemp varieties come from

the cvs. SFEi brhiemosmo.cal |l ed Aconservative br e

cultivars) of these monoeciouwarietiesled to the production of highu al i t yelite e e d
seedo ( De Mmturp &5 is gralv® 8sperially for seed, biomass, and CBD
production. It withstanddifferent meeorological conditionsfrom south to north Europé
possesses long vegetative cycle (140/160 days) ahbred outdoor, itan reach up to 4.5

m of height at flowering in AugusAs for the inflorescences production, Futura 75 could
yield from 800 to 1500 kg/ha of dry biomagzlina 32 is one of the most employed in
Europe to produce CBD from seeds and biomass. It gbettsr in colder regions, such as

northernand cemal Europe. Itis characterized by @uite long vegetative cycle of 130/150
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days and, as for Futura 75, can reach up to 4.5 m at flowering in Akglisa 32 caryield

from 600 to 1000 kg/ha of dry bios® The Ukrainian Uso 31 variety was selected for fiber

and seed productiont shows an early flowering with respect to other varietMale
inflorescences are predominant, and this fact guarantees a significant seed proghitdon

the fiber yield islower than that of other cultivars (Grassi, 2004mong the dioecious
varieties, Carmagnola, Carmagnola Selezionata (CSKangbolti arethose on which this
research project is mainly focus€hrmagnola CS, endowed with long fibers, was selected
and bred from the Italian landrace Carmagnola (De Meijer, 182%)n growwell especially

in Europe and Amerigaand itslong vegetative cyclean lastup to 180 daysCarmagnola
CScanbeconsidered fit al | 6 cul t i v aheightd&f@Ge5Scmaluflenersint ¢ an
August androm 600 to 1000 kg/ha of dry inflorescences can be obtdinedthis variety

The Hungarian dioecious variety named Kompa#is selected from an Italian variety likely
related to Carmagnola. i one of the mst productive, especially in terms of fiber yield

being capable of producing over 40% dry weight of this prodGecassi, 2004)It is
characterized by high resistance and excellent adaptability to diverse habitats. It reaches over
3.5 m, and it can produ@huge quantity of biomass, especially in outdoor. It can be used

also for inflorescences productigrarticularly in indoor(Figure 3.
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Figure3. C. sativaplants of some of the studied varieties. A) Felina 32 in the vegetative stage; B) Felina 32 in the
flowering stage; C) Futura 75 in the flowering stage; D) Futura 75 dry infloresc&)déarmagnola CS fresh female
inflorescence; F) Carmagnola CS dry &einflorescences

1.4Industrial applications

Industrial hemp is a multipurposeop,and its products are employed for several industrial
usesThe plantis a precious source of wood and fidesth obtained by its stefihe woody
part is named hurd (shives), andaidight and absorbing material, while fibers are very
resistantHemp fibers are made of 70% of cellulo$8% of hemicellulose,-3% of pectin,
3% of lignin, and the rest consists of proteins, mineralsdéipiand waxes. Each fiber
possesses aninsidespacal | ed Al umend, which gives the
(Ranalli and Venturi, 2004Hemp can be exploited numerous industrial sectors, namely
textilesproduction, paper manufacturingreenbuilding, and bioplasticand as a source of
biofuels and energylhis crop can excellently fix C{notably, one square meter of hemp
and lime removes 35 kg of G®om the air.The mixture madef hemp and limgossesses
insulating and amimoisture propertiesHemp and lime guarantee a good mechanical

resistance anthe reduction of energy costs in order to maintain temperature and moisture
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constantevels(Crini et al., 202D Hemp fibers are fuesifor producingbioplastis, and the
obtained material shows higher quality and resistance with respect to polypropylene
Consequently, health risks and problems caused by pollution and materials disposal are
minimized because plastic from hemp can be recyclable and biodegrdBalae2011)

When employed in the automobile field, hemp reduces cars weight by 40%, and makes them
30% more resistant than those produced with common nhetalhsence of oxygen, a sort

of naturalbiodiesel can be obtainédm hemp,as an alternative to conventional fudtgs
derived from transesterification of vegetable qit® geta pure and renewable fuel with a
very low environmental impa¢Crini et al., 202Q0)Hemp, being rich in cellulosend having

20% lesdignin thantrees woog¢dcan be used also to produce papeom ae hectare of
hemp in few months, the same cellulose amount produced by four hectares of forest in ten
years is obtainablédemp fibers do not need to be treated with acids for cellulose and then
paper production, that is a vexypensive and polluting process which isessary for other
types of wood.Hemp fibers are alreadwhite, and the resulting paper immmediately
printable, without using harmfllleaching chemical&Crini et al., 2020)In the agricultural
sector, biopesticides mattem hemp EO<ould represent pmising tools against different
kinds of parasitesnamelyinsects, mites, and also fun@icPartland and Sheikh, 2018;
Tabari et al.,, 2020)Being composed of volatile constituents named terpdb®@s, are
sustainable and edadendly, differently from synthetiproductsthat are currently used as
insecticidesMoreover, the resistance to natural pesticides will develop more slowly, due to
the complex composition ofiany EOs. So, these kinds of prothcould represent valuable
candidates to be included in integrated pest management pro@aiasical insecticides

are expected to be applied @eommercial levekspeciallyin urban pests control, in public
humanand veterinarianhealth,and in the protection oktored goodsin farming, these
pesticides would be more usefal protected crops, such as greenhouse @araswithin
organic food production systems (Isman, 201Hdemp canalso be employed for
cosmeceutical, nutraceutical and phaceutical applicationsConcerningits use in
cosmetics, hemp oil is exploited for #sothing and balancing properti#ss rich in vitamin

E, so it counteracts free radicalsat cause aging disorders. It is used for the treatment and
prevention of skin diseases, sucheagema, psoriasis and xerossd for reducing skin
irritation and avoiding scars formatig@rini et al., 2020)Hemp, especially its seedsan

be used aa source of valuable ingredierits food and beverages, nutritional supplements,
protein productaind also pharmaceuticala fact, among the most recognised properties of

hemp and its derivativeshe following ones can be highlightette antioxidant activity
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displayed especially biocopherols and polyphenols, along wikie beneficial effects on
cardiovascular system argjainstosteoporosis by omegaand omeg& PUFA, andthe
potential antiepileptic, anxiolytic, antipsychotic, neuroprotective activities, and benefits
against motility disorders and cancer particularly exertethbymain psychoactive but not

psychotropiccannabinoid CB§Rupasinghe et al., 2020)

1.5Hemp secretory structures

Hemp leaves and especially the inflorescences are endowed with glandular trichomes which
contain interestingioactive substancéPayanandan and Kaufman, 197Bjgure 4) There

are three main types of glandular trichomespitatestalked, capitatsessile and bulbous
trichomes The first as the predominant ones in older flowers, being concentoatelle

outer surface of the bracts of female flowers and anthers of male flamerharacterized

by capitate glandpresening a large head on a long stalkhe capitatesessile trichomes,

with ashort or lacking oneelled stalk and swollen headareparticularly abundant in early
stages ofnflorescence growthyccurringin the abaxial leaf surface, petioles and stefns

cell disc of eight cells generally composeapitatestalked and capitateessile head.
Bulbous trichomes, the smallestes,are spread on bracts, leaves, stems and petioles, and
they aremade ofl1-2 celled stalks (Dayanandan and Kaufman, 1976; Raman et al., 2017).
Notably, glandular trichomes are more abundant in the female flower bract than in any other
parts. These structures emikiad of resin betweenhe extended cuticular membrane and
theouter surface of the cell disc, and a secretory cavity fillinggericaheadis formed

The resinbeing more present in the capitatalked trichomesonsists of cannabinoids and
other bioactive compounds such as terpenes and terpethaidsan b collectedn the form

of an EO(Happyana et al., 2013J.he exudate can represeatsort of defersive barrier
against insects and parasitepellingherbivoresandalso minimizing water losses through
theprotecton ofthe plant fronexcessive heating atdl rays(Brousseau et al., 202Ihe
presence of tetrahydrocannabinolic acid (THCA) inside the secretory cavity of the trichomes
head can be considered as an indication for distinguighiuggtype trichomes fronfiber-

type ones (Ebesbach et al., 2018)Consequently, trichomes can be employed tha
recognition of legall/illegal cannabis. In fact, fidgpe hemp) trichomes are ricin
cannabidiolic acid (CBDA)as well asnyrceneas EO marker constituentNon-glandular

trichomes are also present, from the vegetative to the reproductive stage of hemp. Two types
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of them can be distinguisheaystolithic and slender covering trichomes. Cystolithic
trichomes more concentrated on the adaxial leaf surfaagga conical (claw) shape and
are formed by 120 epidermal cellsat the baseincluding calcium carbonaterystals
Slender covering trichomes, longer than the others, are especially distributed on the abaxial
leaf side, stems, petioleand tepals (Raman at., 2017) Actually, hemp EO is a niche
product, with avaluablepotential use iseverafields, encompassinthe biopesticideone,
that is still urexplored. The hemp EO wwmrisestwo main fractions:monoterpenes,
especially represented byy r ¢ e-pinene and terpinolene, and sesquiterpenekiding
mainly (E)-c a r y o p h jhumiuleng ang cayophyllene oxidélhese compounds can
vary qualitatively and quantitatively, Eonthe harvesting, storage, dryiramd extraction
methods Additionally, genetics is asignificant aspectaffecting the chemical profile.
Furthermore,hemp EO could also contain small amounts ofCBD and othernon

psychotropic cannabinoids

Figure4. Hemp trichomes

1.6Hemp secondary metabolites

According to recent studigsore than 500 known plant secondary metabolites are produced
by C. sativa such agerpenes/terpenoids, flavonoids, and cannabinoids (Elsbhly, 2017;
Goncalves et al., 201%olymosi and Kofalvi, 2017)Based on the presence of other
compnentsalong with cannabinoids that may play key function as entourage and/or
synergistic conpoundsthe last two decades have been characterizedstyprgresearch
growth on hemp secondary metaboliteEhe entourage effect concept was introduced in
1998 byMechoulamassuminghatcannabis curative effect can bspeciallyachieved by
combinng phytocannabinoids antérpenes/terpenoidsyith respect tothe use of any

isolated and pursingleconstituen{Ben-Shabat et al., 1998; Russo, 2011; Russo, 2019).
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1.6.1Terpenes

Monoterpenes and sesquiterpenes are synthetisatie cell plastid and cytoplasm,
originatingfrom dimethylallyl pyrophosphate, DMPP, and isopentenyl pyrophosphate, IPP,
that areC5 isoprene analogue3hen, according tthe 6 i s o pr e @1® and €15e 6
precursors like the geranyl pyrophosphate (GPP) and farnesyl pyrophosphate (FPP),
respectively, argoroducedbasd on heaeto-tail rearrangements of C5 unifSut et al.,
2018).Two diverse pathways can occur in plastid and cytoplasm for the synthesis of isoprene
units, namely the methylerythritol phosphate (MEP) and mevalonate (MVP) pathways,
respectively.Hemp terpenes/terpenoids are usually endowed with setleeehpeutic
properties (e.g., antitumor, antifungal, antimicropgadtiviral andantrinflammatoryoneg,

and thetypical scent ofC. sativaflowers is due to the associatioh arourd 1400f these
volatile compoundsTerpenes are simple morend sesquiterpenes formed by two and three
isoprene units, respectively, while terpenoids are modified terpenes containing different
functional groups. Cannabis terpenes are recogniseghobssalent cannabimimetic
molecules thatan improvethe pharmacological activitiesf cannabinoidssupporing the
"entourage effect” theorjsome terpenes ap@pularand have beeemployedn traditional
medicine fora long time andothers have yet tbe deeply investigatedsiese et al. (2015)
studied 108 EOs from several cannabis and hemp chemebhamsing that 13 of thd4
detectederpenesf C. sativaare the mostisual Amongthese 8 terpenesvere prevalent

and consideredsabelonging to dterpene supecategory":Up i n e 4pieene,migrcene,
limonene, terpinoleng(E)-caryophylleneJ-humulene andaryophyllene oxid€Giese et

al., 2015)Figure 5.
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Figure5. Structures of the mai@. sativaterpenes
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UPinene is a common bicyclic monoterpene endowed with interesting therapeutic
applicationgNoma and Asakawa020). No affinity towards the receptors of cannabinoids
has been observed for this compound, butait be the predominant cannabis terpene
paticularly in someCalifornian ¢ h e mo v-Rirerse .pharthacologicaroperties include
anticancerantrinflammatory, antisepti@ntibacterialpronchodilatorandgastroprotective
ones(Salehi et al., 2019Notably, it is capable ahhibiting acetylcholinesteraseeducing
shortterm memory impairment, which T9HC users firstirawback Consequentlyl}pinene

may help tocounteractlementia, where THC hatown positive effectsn decreasingcute
agitation (Russo et al., 2007Being a poterial THC's modulator,U-pinene could be
consideredas aremedyto cannabi@ sadverse effects or intoxicatiofRusso, 2011).
Moreover it exertshypnotic andanxiolytic effects because othe direct binding to the
GABA-A receptor, andhe partial modulatogactivity at the benzodiazepine binding site.
Pinene, @icyclic monoterpends frequently combined i t -pinené b-Pinene possessed
antidepressarike and sedative properties imice experimental modelshrough the
interacton with the monoaminergic pathway (Guzm@u t i er r e z €einenasl . |, 20
also responsible for supraspinal ambiciceptive effects, bgcing as a partial agonist of the
€-opioid receptors. lhas beenlemonstrated to be amticancer, antnicrobial, and antiviral
agentin the same way ddpinene. In a recentork, b-pinenewas tested and compared to
the synthetic cannabinoid WINS5,2ft cannabinoid receptor 1 (CB1) activiccording

to the preliminaryin vitro results b-pinenewas found tdoehaveas aCB1 agonist. Usually,
hypolocomotion, catalepsy, antinociception, and hypothermia, called "CBL1 receptor tetrad",
are the physiological responses that are stimulatadce modeldy the activation of CB1
receptors by CB1 agonist&dditionally, intraperitonedy injected b-pinenecaused aose
dependentisein tail-flick thermal latencywith an antinociceptive effect. At a dose of 200
mg/kg, this compound led ta significantincreasein catalepsy, and aeduction of
hypolocomotion, andoretemperature. These prelimindmdings suggesthe induction of
CB1-dependentbehavioursin mice by b-pinene and other terpenessupporting the
controversial "entourage effect” (Hecksel et al., 2020)e monoterpenenyrcene is
frequentlydetected in high amounis severalcannabis chemovarblyrcenewas reported

to be not mutagenic ando preserveheart, brain, and skin tissues from oxidatand
inflammation.Moreover, is efficacyas a sedative, antipsychotic, ayedic, antioxidant, and

an anttumor agentwas proven(Jansen et al., 201 ozi og et al . ,the2014) .
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inhibition of nitric oxide (NO) production bynyrcenan human chondrocyte celsuggested
its potential usé osteoarthritis (Rufino &tl., 2015). Cannabis chemotypes contammore
than 0.5% of myrceneproduced an effeqiopularly named“couchlock” (a narcotielike
sedative effect), whilehemotypesvith low levels of myrcenéed the consumerso amore
energetic "high" I(ewis et al.,2018; Russo, 2011). In micey a | o x o-op@id (hveersee
agonist) can reversbe analgesic effegbroposingarelation between thearcotic effecand
the interaction with opioid receptors @k2 adrenoreceptors (Rao et al., 199@preover,
myrceneextendsthe barbituratenduced sleeping time, anddan havea muscle relarg
effectin mice (do Vale et al., 2002). Thesedencesnaytogetherexplain the'couchlock”
phenomenology A study reported that admistering 10 mg/kg of myrcenen mice
significantly decreasedhe painbehaviourin the formalin test anénhancedoaw lick-
latency.In this context, it was mor&ctivethanmorphine andnaloxonerevertedhe effects
showingtheexistencef an opioidrelated mechanism (Patffaeire et al., 2014) imonene
acyclic monoterpenas one of the mosecurringterpenes in cannabis chemovauiganyin
vitro andin vivo studies ascertained thanbnenepossessediverse pharmacologicalses
in humansBesides its antiproliferative, antibacterial, antimicrobial, gastroprotective, and
antifungal properties;tihas beerrecognisedas an excellent dietary supplemegainst
cancer developmergErasto and Viljoen, 200&un, 2007)Literature reportsiilnonen® s
capability ofactingas an antidote tdHCO ®xcessivepsychotropic drawbacks (Russo,
2011).A strong anxiolytic effect of limonene was confirmed yeralstudies ora mouse
maze modelachieved by improvingerotonin andlopamine levels ithe prefrontal cortex
andhippocampus, respectivelgd Morae$ultriniet al., 2006)A nonbenzodiazepinbased
mechanism of action was hypothesised foraheiolytic effectbecause itvasnot revered
by flumazenil, although itwas comparable tathe diazepamone (Lima et al., 2013).
Limonene was initiallyeportedas an adenosine A receptoragonist(Park et al., 2011).
Then other researchers demonstratsdegulatory effects o8 ABAergic anddopaminergic
neuronal activities (Zhang et al., 2019a). Dusuoh regulation of these twmathwaysbhy
modulating A2a receptor activity, limonene iactually regarded as promising natural
anxiolytic agent (Song etl., 2021) However, t should bepointed outlat limoneneould
have a synergistic effect with botiHC (that is a direct A receptors activator) andBD
(which prevens theuptake ofadenosine and thymidine into the ce(Sgrrier et al., 2006).
Interestingly, he ability of limonene to inhibit the biofilm formation ®taphylococcus
aureus Rosenbach Pseudomonas aeruginos&chroter and Streptococcus pyogenes

Rosenbaclpathogens waseported (Subramenium et al., 201Bueto the interference of
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cannabinoidwith quorumsensing in théormationof biofilms, the synergisc effects of
cannabinoids and terpenes couldtentially affectthis mechanism (Soni et al., 2015).
Concerningthe chemotherapeutic propertidsnonenecaninduce apoptosisspeciallyin
breast canceit decreasedhe expression of cyclin Dih women with earlystage breast
cancer leading taeducedroliferation and celtycleinterruption(Miller et al., 2013)The
oxidative damage in lengighelial cells was inhibited by limonenelagh doseswhich can
be advantageoum prevening cataracts (Bai et al., 2016). Limonermuld also contribute
to obesity treatment, beiraple toenhancenitochondrial biogenesifesearch isurrently
focusing on le synergistidink betweenthis terpeneand CBO endowed with anorexic
effects and the modulatory effects on microbiome balance and weyghHC (Cluny et al.,
2015; McPartland et al., 2015)Y.erpinolene is anotharyclic monotergne, and it can be
foundin commercial cannabis chemovars (Giese et al., 20d%eneral, it characterizes
"sativa" chemotypes (Hazekamp et al., 2016). phesence oterpinoleneis linked to
sedative effectand decreased motor activitg mice, while, in humans, tis effect is
extremely individual andcontroversial(Bonesi et al., 2010)Terpinoleneconsiderably
stimulated apoptosiat low concentratios) on the other handt higher dosagé exerteda
modeatelysignificant antiproliferativectionagainst neuroblastonvth respecto normal
cell lines Aydin et al., 2013Okumura et al., 2012T.erpinolene and diclofen@ombination
was reported to hawee synergisti@antiinflammatory andanalgesieffect withno common
inconveniences likegastric injury, suggestin@ role of the serotonergic system time
underlyingmechanism(Macedo et al., 2016Moreover terpinolengpossesseantifungal,
larvicidal, and antioxidan properties/Aydin et al., 2013)(E)-Caryophyllene is one of the
most recurrenhempnatural bicyclic sesquiterpenes, anavés approved bthe US Food
and Drug AdministrationfDA) for food useas a "dietary cannabinoid'E)-Caryophyllene
hasa great variety of pharmacological activities, nevertheiess safe, and it showsw
toxicity and a broad therapeutic index.hiblds a differentstructure with respect tthe
classical cannabinoidsshich allows adirect interadbn as a selective full agonist at CB2
receptor (Gertsch et al., 2008; Gertsch et al., 20103.fabt was verifiedn severakanimal
models (Horvath et al., 2012; Katsuyam@al., 2013; Paul&reire et al., 2014)Anti-
inflammatory effects and antipruritic relief could derive from the synergisn{Epf
caryophyllenewith CBD and with THC, respectivelyRusso, 2011)According to sme
preclinicalevidences, anxiefyand deprssion and also cocaine intake might be reduced by
the administration ofE)-caryophyllene or other CB2 agonists in mice (Bahi et al., 2014;

Galaj et al., 2021)Conversely, these effects were canceledhieyadministration of a CB2
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antagonist. CB2 agonisby (E)-caryophyllene coul@lso berelatedto its consistentantr
inflammatory propertiesThe latter weredemonstratedy some gperimentsin wild-type
mice.Such CB2 receptedependent cannabimimetdfect was nohotedin CB2-knockout
mice, confirming CB2 receptordirect involvementGertsch et al., 2008 Another CB2
dependent effeaf (E)-caryophyllene was the analgesic one, evidenced in an animal model
of neuropathic painlauke et al.2014).Here, the CB2 antagmt SR 144528 reverseld
analgesic effectthat wasabsent in CB2 knockout micgE)-Caryophyllenegathers a
significantpotential as @ antioxidant, antibacterial, immunomodulator, nephroprotective,
neuroprotective, cardioprotectivegnd hepatoprotectivetool (Sharma et al., 2016).
Additionally, (E)-caryophylleneholds greatanti-cancersproperties(Fidyt et al., 2016;
Machado et al., 2038(E)-Caryophyllenecould displaysomepositiveeffects ina multiple
sclerosis (MS)model, precisely an experimental autoimmune encephalomyelitis (EAE), a
MS murine modellt inhibited the expression of pioflammatory cytokines, microglial
cells, and ©4+ and CD8+ T lymphocytes, beiraple to alleviate EAE clinical and
pathological parametergAlberti et al., 2017).The neuroprotective activity byE)-
caryophyllene has also been reporited murine model of Parkinson's disease (RB)-
Caryophyllenesuppressethflammatory cytokine¢evelsandboostedhe motor patterns of
PD patientshroughglial activationreductionanddopaminergic neuroprotection(Viveros
Paredes et al., 201 oncerningthe role of thebrain CB2 receptorsn addiction, feeding
behaviour, and alcohol rewal)-caryophyllenéoweredalcohol consumption in mice, and
the selective CB2 inverse agonist AM630 revertes effect(Aghazadeh Tabrizi et al.,
2016; Al Mansouri et al., 2014)E)-Caryophyllenetreated mice experienced a relief from
inflammation and chronic and binge alcofduced liver injury and theseprotective
effectsaremitigatedin knockoutanimals(Varga et al 2018).U-Humulene, the ringpened
isomer of(E)-caryophyllene represents one of the main sesquiterpenes in the Cannabaceae
family membersC. sativa and Humulus lupulusL. Notably, this compoundis not
characterized b€B2 activity (Zanoli andavatti, 2008)The traditionaltherapeutic uses of
humulenerich plantsinclude thdreaiment ofsleep disordersiervousness, pain, depression,
andanxiety,although they are not strongéyippored bytheliterature -Humuleneand its
derivatives exhibited antallergic, cicatrizing, antrinflammatory, antioxidant,
gastroprotective andnticanceiproperties(de Lacerda Leite et al., 2021; Fernandes et al.,
2007;Legault and Pichette, 200Mloreover, its oral and aerosol administratoould have
analgesieffects(Rogerio et al., 2009).he secretion of the chemokine8L.can be increased

by Uhumulene promoting angiogenesis andontributing to the anabolic response,
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comprising wound healing (Satsu et al.,, 2004)he nontoxic and norsensitizing
sesquiterpenoid oxide, caryophyllene oxidanbe recognisedy narcotics detection dogs
or sniffer dogs (Opdyke, 1983). The caryophyllene oxjuteperties encompassed
insecticidal/antifeedantproadspectrum antifungal and antiplatelet aggregatiorones
(Langenheim, 1994; Lin et al., 200Feveral anticancer activitiesre ascribed to this
terpene, as well as bactericide @amdioxidantproperties (Coté et al., 201 Qaryophyllene
oxidecould alsacontroldifferent disordes such as hypertensidgpe 1 and type 2 diabetes,
Parkinson'sAlzheimer's and cardiovasculadiseases (Fidyt et al., 2016)he important
central and peripherahtrinflammatory andnalgesiactivity of caryophyllene oxidkave
been reportedChavanet al., 2010).In particular, theantrinflammatory effect occurs
through the inhibition of 1fipoxygenasg15-LOX) enzyme activity.n contrast to(E)-
caryophyllene, caryophyllene oxide does binid tothe cannabinoid receptor CBBhese
two sesquiterpenes were reportedaiget the immune gendseing potentially usetbr the
design and developent ofnew agentsgainst COVIB19 (Muthuramalingam et al., 2020).

1.6.2Cannabinoids

Cannabinoids belong tiheterpenophenolicer meroterpenoids class and are made of two
moieties, the first one generated by the MEP pathway and given by GPP, and the other one
formed bythe polyketide pathwagnd composed of olivetolic ac{iappyana et al., 2013).

The two portions are condensed¢ther to originateannabigerolic aciiCBGA) which in

turn istransformedn severalcannabinoid acidiorms by the action of differerslynthases
(Figure 6.
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Figure6. Cannabinoids biosynthesis
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From a ©iemicd point of view, CBD hasa tetrahydrobiphenylksicture, made bg bicyclic
core of olivetol, an alkylresorcinol derivativeand the monoterpene geranioff-THC
(THC), whichis a tricyclic dibenzopyran, can derive from CBWough an acigatalyzed
reaction The chemical structure &BD, isolatedfor the first time in 1940 from Minnesota
Wild Hemp,wasrevealedn 1963 (Adars et al., 1940; Mechoulam and Shvo, 196@)e
bodys adipose tissue can store and accumdlai€ and CBD since theyare lipophilic
compoundsAlthough both THC and CBD are psychoactive moleculé$C is endowed
with euphoric effects, wite CBD, besides possessing central pharmacological activigies
neither euphoric nor addictiy®orencSanz, 2016). CBPamong the principal constituents
of thefamily of cannabinoidss only oneof severakcannabinoidsvhich are includech the
terpenylalkylresorcinol metabolome thie Cannabisgenusplants Despitethe simplicity of

its chemical structure, CBPpresents a wide variety bfological effectsCBD can reduce
THC effects, but it is characterized &yow affinity to both CB1 and CB2 receptorsfaet,

it could bean antagonist of both cannabinoid receptbiombined witha CB1 agonist
(Jones et al., 2010) throughpassiblemechanism ofCB1 receptomegative allosteric
modulation(Rohleder et al., 2016)n addition CBD can modify the endocannabinoids
binding © cannabinoid receptorspromoting the activity of the endocannabinoid
anandamide (AEA).The vanilloid receptor 1 (TRPV1), the peroxisome proliferator
activated receptegamma (PPARgamma), the serotonin receptor type 1A (5HT1A), and the
orphan G protektoupled receptors GPR55 and GPRd#h behave as further potential
targetyGururajan and Malone, 2016). CBD heeeninvestigated anthdicated forseveral
health disordersin 2018, the FDA and in 2019, the European Medicines Agency (EMA),
authorized Epidiolex® athe first plartbased prescription cannabindial treatLennox
Gastaut Syndrome (LGS) and Dravet Syndrome (B®) drugresistant epilepsy forms, in
two-yearold patients and oldergspectivelyDevinsky et al., 2016Jiang et al., 2013Yhis
drug was also considergad causea low risk of abuse and classified in Schedule \tHzy
Drug Enforcement Administratio (White, 2019). Epidiolex® can effectively reduce
seizures number in LGS and DS, but actuatky precisemechanism of actiois not clear
Given its efficacy on pediatric drugsistant epilepsy, CBD has been affected diyrsstent
media attentionSchizophrenia, psychosis, anxiegnd sleep disorderspresent additional
clinically significantindications of CBD(Leweke et al., 2012ylechoulam et al., 2009).
CBD administration was observed to reduce anxiety, cognitive impairment, and discomfort
in the speech performance of healthy volunteers subjectadsaries of small randomized
controlled clinical trial§Hurd et al., 2019; Linares et al., 20Masataka2019).Nowadays,
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anxiety and postraumatic stress are negative symptoms esngequence of the COVID

19 pandemicDue to the recently verifiednxiolytic effects of CBDthis compound could

be a new therapeutic remedy to treat Hegjing COVIDrelatedanxiety disorders, as
proven by preclinical and clinical dat@'Sullivan et al., 2021)CBD was also proposed as

an appetite stimulating agent in HIV/AIDS patients by saimecal studiegMabouTagne

et al., 2020)andits rolein decreasingnausea and vomiting induced blgemotherapyvas
suggestedMortimer et al., 2019)Moreover it has beemssessethat CBDis promisng in
treatingspasticitycaused bynultiple sclerosis or paraplegia, Parkinson's disease (Chagas et
al., 2014), chronic pa (Foss et al., 2021), Tourette syndrome, and glaucoma (Whiting et
al., 2015). CBD alsopossessesantrinflammatory (Burstein, 2015), neuroprotective
(Sanchez and GareMerino, 2012)andantimicrobial (Blaskovich et al., 202&jfects Due

to its anttinflammatoryactivity, CBD isbeing submitted tphase Il clinical trials fotopical
acnetreatmentand atopic dermatitisherapy Chronic CBD administration in nicotine
dependent mice was reported to reliseenatic withdrawal signs and withdrawatluced
hyperalgesia after acute and protracted abstinéwgitionally, preclinical evidence of the
pharmacological efficacy of chronic CBD treatment on nicotine withdrawal syndrome was
provided(Smith et al., 202). In the last decadéhe ascertainepositive effectof CBD on
human health are progressively increasiNgvertheless, several actual uses of CBD or
CBD-based products are not validated by researchEatamstancesome of these concerns
includetheuncertain legality ofinregulatedcommercialCBD oil productsthat are popular

amongcannabisonsuners.

1.6.3Polyphenols

Phenolic compounds probably represent the less known and exploited classativa
molecules. Due to the positive role oeskkinds of constituents ircounteracting several
pathologies, especialthosecorrelated with oxidative stress processes s € a interese r s 6
and attention to such bioacticempounds are recently increasing (Gofezavaca et al.,

2014 Jahromi etal., 2019. Hemp phenolic compounds can be divided into three main
classesflavonoids, stilbenoids, and lignans (Isidore et al., 20EBvonoids detected in
hemp can be aglycones and glycosylated, and in total they are abduh@eg them, the

most conmon are vitexin, apigenin, luteolin, rutin and quercatihich can be frequently
found in several plant speci€éBloresSanchez and Verpoorte, 2008), while others like
cannflavin A and Bthat are flavones combined withgeranyl groupare peculiar tcC.

sativa(Figure 7.
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Cannflavin A Cannflavin B

Figure?7. Structures of cannflavin A and B

cancer, antleishmanialand antinflammatory ones, being more effective analgesic agents
than aspiriNGuo et al., 2017)n particular,cannflavin A displayed neuroprotective effects
associated wit h a42dibrir(EBygets etialn 2019%tiibénoids mhemp Ab 1
can be ascribed tthreetypes namelyphenanthrenes, dihydrostilbenes, and spiroindans
(Isidore et al., 2021 hese kinds of compounds have bsearcely inestigated in literature

for their positive effects on human health. One of them, called denbinobin, demonstrated
great preoxidant and preapoptotic properties against human leukemia cells (Sanchez
Duffhues et al., 2009)Canniprene, a dihydrostilbene umégto hemp, presented anti
inflammatory effects, while the most known spiroindans cannabispirone and
cannabispirenone A exerted aoéincer and aninflammatory activity(Allegrone et al.,
2017).Phenolic amides and lignanamides belon@ tsativalignans The first ones derive

from the reaction between a phenolic acid and an amine like tyramine or octopamine
(Crescente et al., 2018). Among the main hemp phenolic antideie areN-trans
coumaroyltyramine found in roots, and N-transferuloyltyranmine and N-trans
caffeoyltyramineboth detected in see(Blatkin et al., 1971)Lignanamides, among which

the most important ones acannabisinA and B, originate by the oxidative coupling of
phenolic amides (Leonard et al., 202Regarding the possible usesthe pharmaceutical

field, N-trans-caffeoyltyramine an@annabisin Aare endowed with significam@intioxidant
propertieswhile cannabign B especially displayed cytotoxiceffect Chen et al., 2012; Yan

et al., 2015)Figure 8.
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1.7Hemp essential oil

The world market of hemp has been expanding in recent years theeincreasing interest
towards its several valuable and beneficial constituents, especially cannabinoids and, in
particular, CBD.CBD and, in general, legal cannabis trading for industrial and medical
purpose$as spread at a rat€3540% per year sice 2016, duplicating from 2016 to 2020.
Among the almost 50 countries in which hemp is grown, Canada and the USA (75% of the
market), and then China are the first ones. After them, Europe is the third hemp producer in
the world, with 25,000 hectes of cutivations (Di Candilo, 2006)This huge development
leads to the possibility of exploiting the whole potential of this multifaceted crop, by
providing new products, especially from the significamount of biomass (inflorescences

and leaves) resultingdm hemp processingn this context, hemp EQ@Figure 9)can
represent an interesting candidate to be employed in the sectors of pest science,
pharmaceuticals, cosmetics, and nutraceuti¢édsnp EO administration can potentially
occur through the sublingual dispersion into drops, dilution into an aerosol and its
consequent inhalationy dissolution into a fixed oil to take orally. This product could also

be ncludedinto gels, creams,and ointmentsto apply over the skinor incorporatednto

micro- and nanoemulsion® preservecultivationsagainst pestdNotably, the EO can be
obtained as a bgroduct during the plant material processing for fiber and biomaterials

manufacturing, or deterpation before extracting cannabinoids.
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Figure9. Hemp EOs

1.7.1Extraction techniques

An EO is an odorous product, endowed with a complex profile, resulting from a botanically
defined plant raw materiprocessetby stearadistillation (SD), hydredistillation (HD), dry
distillation, or a suitable mechanical process without heating (farsgjtbasing on the
definitions of European Pharmacopoeia and ISO (International Organization for
Standardization) (Rios, 201D and HD represent conventional distillation methods for
plants EOs, both causing the vaporization of high vapor pressuré&wemist Specifically,
during the procesthe biomasss affected by an initial major loss ofonoterpenes, as the
most volatile components, and then a higher percentage of sesquiteqaendse
progressively detected in the E@anaset al.,2020. The steam generated by water as the
extraction solvent penetrates the plant material and dissblwe®latiie compounds. Then,
solvent and solutes condensation occurs, along with the separation between the upper liquid
phase consisting of the EO atfé lower one, namely water, in a Cleventgre apparatus
Thedifferencebetweenthetwo techniquess thatthe biomass is in contact with water and
heated to its boiling point in HD, whilhe steanpasses througthe plant material ithe

case ofSD (ChematandBoutekedijiret2015. In general, HD isegardeds a bettemethod

due to the highemmountof detected components, especially sesquiterpenesaadninor
extent, CBD. This fact is due to the lower pressure involved 8D processand the
consequent not unifornsteam penetren in the plant materialSo a longertime is
necessaryto extracthigher boiling pointconstituents For cannabis inflorescencePrand
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SD, thebesttemperatures are 130 and 130C, respectivelyln SD,EOQ yield increases with
temperaturepecause of slower extraction kinetics thahdetermine the neefdr higher

temperaturefNazet al.,2017) (Figure 10.

Figure10. Conventional SD (left) and HD (right)

Currently, noveland ecefriendly extraction techniques, including microweaassisted
extraction (MAE), are developing, allowing to obtain higher extraction yields andingduc
the extraction time, saving energy and water (Fiorini et al., 20@@yowaveshave a
frequeny range from 300 MHz to 300 GHzand hey consist of two oscillating
perpendiculafields, namelyelectric field and magnetic fieldViicrowaves directy impact
on polarmoleculesand produce heatin@.etellier and Budzinski, 1999Flectromagnetic
energy istransformednto heatthroughionic conduction and dipole rotation mechanisms
(Jainet al, 2009).The resistance of medium to ion flow determines heat generatiorgd
theionic conduction mechanism. On the other hahd,freqent direction change abns
causesa collision between moleculegproducingheat. MAE mechanism is supposed to
includethree phases: filgt, solutesseparatérom active sites afhesample under increased

temperature and pressurihen the solventdiffuses across sample matrixand finally
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compounds are releastdm the sample meerial to solvent(Alupului et al, 2012).Several
advantagesave been ascribed MAE of bioactive compounds from plantjch asnore
rapid heating decreasd thermal gradientsand reduced equipment siZ€ravotto et al.,
2008)(Figure 11).

Figurell Advanced MAE equipment

On the otheside extractiors with organic solvents and supercritical fluids (e.g., carbon
dioxide) should not beonsiderecas method$or producingEOQO. In the case of hemp, the
product obtaineds quite different fromEO itself, because itcontairs a phytocomplex
consisting otanndinoids, fatty acids, waxes, phytosterols and othias,are generally not
presentn the EO pure mixture. Even if distillation is te performed by using trap solvent,
like pentane or hexane, thesultingproductcannot be defined as an Efdom a prely
regulatory point of view
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1.7.2Chemical constituents

A summary of the literature regarding the chemical composition of hemp EOs deriving from

17 monoecious and 10 dioecious varietsegresented in Table 2

Generally, the used part of thiant for producing the EO was usually represented by dry or
fresh inflorescences. The EO yield can be affected by several factors, such as the cultivar,
the cropping system, the status of plant material, the climatic conditions, the harvesting time
and sbrage, and the extraction method. To our knowledge, the EO yield, estimated on a dry
matter, varied from 0.01 to 0.60%\l{dollahi et al., 2020Ascrizzi et al., 2019) for the
monoecious varieties, while it ranged between 0.03 and 0.26% for the dioecdsud be

highest value found for the yield accounted for 0.60% and referred to the EO from
hydrodistilled Fedora 17 dry leaves (Abdollahi et al., 2020). Monoterpenes, sesquiterpenes
and, to a minor extent, cannabinoids, were the main classes of compoteuisdim the
investigated EOs. Concerning monoecious cultivars, the major level of monoterpenes was
registered in Tygra EO (83.5%) (Iseppi et al., 2019), while the lowest amount (under 5.0%)
was found in the EOs from Carmaleonte, Codimono and31stdonderpene hydrocarbons
dominated over the oxygenated ones, indeed myrcene was identified in significant content
in the EOs from the majority @f nteme momo ¢ die
pinene, terpinolene, limonenand E)-b-ocimene. In particular, myrcene was the
predominant constituent in Bialobrzeskie (2840 %), Ferimon (33.5%), Henola (26.7%),
Markant (29.0%), Monoica (22.9%), Santhica 27 (33.4%), Santhica 70 (29.9%), Tygra
(33.4%) and Zeni t-piner &as heonmopies@rs monetdrpere ef KO
Virtus EO (25.4%). In EOs from monoecious cultivars, the maximum content of
sesquiterpenes was observed in the EO from Fedora 17 dry leaves reco\ite(d8y?%)
(Abdollahi et al., 2020), while the EO from Santhica 27 waptwgest in these compounds
(14.4%). In general, sesquiterpene hydrocarbons were favoured over the oxygenated ones,
with(E)-c ar yophyl | ene as t he -nmdene(B-Garyophydland , f ol
was the most significant constituent of Fedora 17444.7%), Felina 32 (14-81.1%) and

KC Zuzana (22.3%) EOs, and represented a noticeable fraction in Futura-34.@/®)

EOs as well. Caryophyllene oxide, an oxygenated sesquiterpene, was the main component
of Usa-31 EO (22.723.5%) (Pieracci et al., 2Q), and other members of this fraction, such

as humulene oxide 11, 1dydroxy-9-epi-b-caryophyllene and caryophyié(14),8(15)dien
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5-ol were revealed in Carmaleonte, Codimono and-8ISOEOs. Focusing on the
cannabinoid fraction, the EO from hydrodigdl Felina 32 dry inflorescences had the
greatest amount of cannabinoids among the monoecious cultivars (53.4%), but also one of
the lowest yields (0.08.12%) (Pieracci et al., 2021). CBD was the most considerable
compound in Carmaleonte (1&8.2%) and Gdimono (19.621.8%) EOs. Regarding
dioecious varieties, the highest content of monoterpenes was obtained in Tiborszallasi EO
(82.0%) (Iseppi et al., 2019), while the minor one (under 7.0%) was collected in the EOs
from Bernabeo, Eletta Campana and Fibwamtgain, hydrogenated monoterpenes were
more numerous than oxygenated ones, and, among them, myrcene was the main compound
in Dioica 88 (30.4%) and Tiborszallasi (39.2%) (Iseppi et al., 2019) EOs. It represented an
important constituent also of Carmagn(#8.234.4%), Carmagnola CS (2425.9%) and
Fibranova (1282 0. 3 %) E O9.i n/A @imdne) térpitdlene, limonene arig)-o-

ocimene were present as minor monoterpenes. As for the sesquiterpenes class, their most
relevant content was in the EO fmoFibrante dry inflorescences (78.5%) (Pieracci et al.,
2021) while, on the other side, Tiborszallasi EO was the poorest in sesquiterpenes (15.9%).
(E)-Caryophyllene was the principal component of Antal (21.6%) and Finola (29.8%) EOs
(Iseppi et al., 2019), o | | o w-umuldng. The oxygenated sesquiterpenes humulene
oxide Il, 14hydroxy-9-epib-caryophyllene and caryophyi#(14),8(15)dien-5-ol were
identified especially in Bernabeo, Eletta Campaaad Fibrante EOs. Concerning
cannabinoids, the EO frohydrodistilled Carmagnola dry inflorescences was the richest in

this fraction (37.7%) (Pieracci et al., 2021). CBD was the most significant compound in
Bernabeo (1425.0%), Eletta Campana (2232.5%) and Fibrante (12:83.8%) EOs, but
theiryieldvalus wer e very | ow. The distri-rhywcéneon of
a n dpinéhe (panel A) and sesquiterpe(iEsc ar y o p h y |-huneuteree (paneld) irJ

EOs from the different hemp cultivars is illustrated in Figure 12.
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Table2. Chemical profile of hemp EOs from monoecious and dioecious cultivars

Variety

Geographic
origin

Site of
cultivation

Plant part

Status of
plant
material

Extraction method

Yield (%,
wiw)

Classeq%)

Main constituents
(%)

Reference

Monoecious

Bialobrzeskie

Poland

Poland

inflorescences

fresh

steam distillation

0.48 (viw)

monoterpenes (73.6)
sesquiterpenes (24.3

myrcene (34.0),
terpinolene (15.8),
(E)-caryophyllene
(10.4),Upinene
(7.0), E)-b-ocimene
(6.7)

Synowiec et
al., 2016

Poland

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (74.8)
sesquiterpenes (25.3

myrcene (29.5)(E)-
caryophyllene (20.0),
Upinene (19.4)b-
pinene (7.8),
terpinolene (7.5),
limonene (5.7)>
humulene (5.3)

Iseppi et al.,
2019

Carmaleonte

Italy

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.040.12

monoterpenes (1-2
4.8); sesquiterpenes
(61.7-63.7);
cannabinoids (18-7
24.2)

cannabidiol (18.1
23.2), caryophyllene
oxide (11.816.0),
(E)-caryophyllene
(4.6-15.3), humulene
oxide Il (4.26.1), 14
hydroxy-9-epi-b-
caryophyllene (3.8

1 3 . Shyimulerig¢
(2.66.9),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.17.3),
selina3,7(11}diene
(1.65.2),
caryophylla
4(14),8(15)dien5-ol
isomer 1 (0.78.3)

Pieracci et
al., 2021
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monoterpenes (0-8

cannabidiol (19.6
21.8), caryophyllene
oxide (11.314.2),
(E)-caryophyllene
(6.6-16.2), humulene
oxide Il (4.26 . 6-)

inflorescences 5.0);sesquiterpenes | humulene (3.77.6), Pieracci et
Codimono Italy North Italy and floral dry hydrodistillation 0.07-0.23 (68.7-72.4); 14-hydroxy-9-epi-b- al. 2021
bracts cannabinoids (20-0 | caryophyllene (2.9 "
22.8) 13.5),caryophylla
4(14),8(15)dien5-ol
isomer 1 (2.77.6),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.65.7)
(E)-caryophyllene
.| (44.7),Uhumulene .
France Iran leaves dry hydrodistillation 0.60 monoterpenes (2.3); (15.1), spathulenol Abdollahi et
sesquiterpenes (94.2 al., 2020
(7.2), myrcene (0.3),
limonene (0.3)
(E)-caryophyllene
monoterpenes (30:5 | (28.%-32.2),b-pinene Abdollahi et
France Iran inflorescences| dry hydrodistillation 0.21-0.40 34.8); sesquiterpeney (10.411.2),U al. 2020
(51.564.6); humulene (9.210.5), "
1,8-cineole (8.48.7)
(E)-caryophyllene
Fedora 17 monqterpen(_as (234 | (17.423.4), _
34.0); sesquiterpeney caryophyllene oxide Ascrizzi et
France North Italy inflorescences| dry hydrodistillation 0.0%-0.12 (59.1-70.4); (6.0-8.5), Uhumulene al 2019
cannabinoids (1-3 (5.98.5), v
3.1) Upinene (4.214.1),
myrcene (2.9.7)
(E)-caryophyllene
(21.1), myrcene
not monoterpenes (36.4)| ( 1 2 .-Hunylenel Iseppi et al
France Italy inflorescences| steam distillation not reported| sesquiterpenes (56.1| (9.7), terpinolene N
reported o 2019
cannabinoids (0.4) (6.6), caryophyllene
oxi de -fginénef@
(4.8)
monoterpenes (44.3)| (E)-caryophyllene Rossi et al
Felina 32 France Central Italy | inflorescences| dry hydrodistillation 0.10 sesquiterpenes (54.6| (34.8),Upinene 2020 "

cannabinoids (0.1)

(15.1), myrcene
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(11.8),0humulene
(11.4), limonene (6.0

France

North Italy

inflorescences

dry

hydrodistillation

0.24

monoterpenes (35.7)
sesquiterpenes (64.2

(E)-caryophyllene
(41.1),Upinene
(11.1), myrcene
(10.8),Gthumulene
(9.9), terpinolene
(5.8)

Da Porto et
al., 2014

France

Central Italy

inflorescences

fresh

steam distillation

0.10

monoterpenes (54.2)
sesquiterpenes (45.6

(E)-caryophyllene
(23 .-@nene U
(16.4), myrcene
(14.2), terpinolene
(9.6), humulene
(8. dipene (b.2)

Benelli et
al., 2018a

France

Central Italy

inflorescences

fresh and
dry

hydrodistillation and
steam distillation

0.100.30

monoterpenes (26-7
54.2); sesquiterpeneg
(45.1-52.6);
cannabinoids (01
7.9)

(E)-caryophyllene
(14.0-32.7),Upinene
(8.1-16.4), myrcene
(7.1-14.2),0
humulene (5.4.1.2),
terpinolene (3.28.7),
b-pinene (2.65.2),
(E)-b-ocimene (2.1
5.1), cannabidiol
(0.1-7.6)

Fiorini et
al., 2019

France

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.030.12

monoterpenes (0-3
2.1); sesquiterpenes
(38.962.8);
cannabinoids (29-1
53.4)

cannabidiol (28.2
51.5), caryophyllene
oxide (7.110.9), 14
hydroxy-9-epi-b-
caryophyllene (5.8
9.2), humulene oxide
Il (3.7-4.8),(E)-
caryghyllene (2.9
11.5), caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.83.9),
caryophylla
4(14),8(15)dien5-ol
isomer1 (2.83 . 8-)
humulene (1.4.7)

Pieracci et
al., 2021

Ferimon

France

France

inflorescences

not
reported

steam distillation

notreported

monoterpenes (77.8)
sesquiterpenes (20.0
cannabinoids (0.2)

myrcene (33.5)1}
pinene (16.0)(E)-
caryophyllene (10.3),
terpinolene (8.4)%-

Iseppi et al.,
2019
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pinene (6.5),
limonene (4.2)>
humulene (3.3)

Futura 75

Upinene (19.2),

inflorescences Cn monoterpenes (65.2)| myrcene (17.2)E)- Marini et
France Central Italy and leaves fresh steam distillation not reported sesquiterpenes (29.0| caryophyliene (15.3), al., 2018
camphor (5.8)
myrcene (20.8)1}
pinene (16.4)(E)- .
France Central Italy | inflorescences| fresh steamdistillation 0.31 (viw) monot.erpenes (67.0) caryophyllene (12.8), Nissen et
sesquiterpenes (28.7 terpinolene (10.7f- al., 2010
pinene (6.5)
U-caryophyllene
21.7),(B)-
monoterpenes (41.0) ( -
France North Italy aerial parts dry hydrodistillation 0.20 (v/w) | sesquiterpenes (57.2 f;r%ﬁgrgg:?g g‘;'g)’ ilmezrcl)giléo et
cannabinoids (1.2) m)t)r cen e (g "
pinene (7.8)
(E)-caryophyllene
(28.0), caryophyllene
. T monoterpenes (33.0) o x i de { 15 . Zenginat
France Central Italy | aerial parts fresh hydrodistillation 0.28 (viw) sesquiterpenes (67.0] humulene (13.0), al., 2018
myrcene - (1
pinene (8.0)
(E)-caryophyllene
(34.6), myrcene
monoterpenes (30.8) N - -
France Central ltaly | inflorescences| dry steamdistillation 0.20 sesquiterpenes (66.0 E 1? .-[;Jn?;z(laeneuo ;e”gg;)m et
cannabinoids (0.2) (9.8), caryophyllene
oxide (4.5)
(E)-caryophyllene
(21.426.1),
monoterpenes (5:3 iagnab;ﬁil%&gfa
leaves and 37.9); sesquiterpenes (7 1—é 9) , Benelli et
France Central Italy | . dry hydrodistillation 0.10-0.30 (47.7-75.0); o .
inflorescences| Y caryophyllene oxide | al., 2018b
cannabinoids (10-2 (3.01 0. Spjene
11.4) (2.0-7.8), myrcene
(0.911.3),
terpinolene (tr7.6)
not monoterpenes (52.0)| myrceng(19.8),(E)- Iseppi et al
France Italy inflorescences| reported steam distillation not reported| sesquiterpenes (42.2| caryophyllene (14.8), 201p£§) N

cannabinoids (0.7)

terpinolene (9.6)(}
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pinene (8.4)[}
humulene (6.6),
caryophyllene oxide
(5.2), limonene (4.9),
cannabidiol (0.6)

France

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.120.17

monoterpenes (1-0
2.2); sesquiterpenes
(69.371.4);
cannabinoids (21-8
23.5)

cannabidiol (20.9
22.9),(E)-
caryophyllene (110
13.8), caryophyllene
oxide (10.213.9), 14
hydroxy-9-epi-b-
caryophyllene (54
9 . 1-humuldde
(5.0-5.8), humulene
oxide Il (4.84.9),
caryophylla
4(14),8(15)dien5-0l
isomer 1 (2.64.9),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.63.7)

Pieracci et
al., 2021

Henola

Poland

Poland

inflorescences

dry

hydradistillation

0.21

monoterpenes (50.0)
sesquiterpenes (47.6

myrcene (26.7)E)-
caryophyllene (17.5),
' i monene (
humulene (7.3),
caryophyllene oxide
( 3. ®ipene (B5),
Upinene (2.2)

Kwasnica et
al., 2020

KC Virtus

Hungary

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (74.3)
sesquiterpenes (24.0
cannabinoids (0.1)

Upinene (25.4),
myrcene (19.8)E)-
caryophyllene (13.1),
b-pinene (9.2),
limonene (5.3),
terpinolene (4.0)(}
humulene (3.8)

Iseppi et al.,
2019

KC Zuzana

Hungary

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (61.1)
sesquiterpenes (40.1
cannabinoids (0.1)

(E)-caryophyllene
(22 .-@nene U
(20.7), myrcene

( 14 .-Knylened
( 7. Dihene (6.9),
(E)-b-ocimene (6.3),

terpinolene (6.3)

Iseppi et al.,
2019
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Markant

Holland

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (82.7)
sesquiterpenes (15.7
cannabinoids (0.2)

myrcene (29.0)1}
pinene (14.6)(E)-
caryophyllene (7.6),
terpinolene (6.4),H)-
b-ocimene (6.3),
methyl chavicol

(6.2), geranyl acetate
(4.2)

Iseppi et al.,
2019

Monoica

Hungary

North Italy

inflorescences
and leaves

fresh

steam distillation

0.10 (viw)

monoterpenes (58.6)
sesquiterpenes (39.0

myrcene (22.9)E)-
caryophyllene (18.7),
terpinolene (12.0)}
pinene (7.7)1>
humulene (6.2)

Gulluni et
al., 2018

Santhica 27

France

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (82.7)
sesquiterpenes (14.4

myrcene (33.4)1}
pinene (15.5)(E)-
caryophyllene (8.2),
terpinolene (7.5),H)-
b-ocimene (5.6)b-
pinene (5.3),
limonene (4.1)

Iseppiet al.,
2019

Santhica 70

France

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (64.5)
sesquiterpenes (33.1
cannabinoids (0.3)

myrcene (29.9)E)-
caryophyllene (14.6),
Upinene (11.1),F)-
b-ocimene (7.1){*
humul ene (|
pinene (5.1),
caryophyllene oxide
(3.6)

Iseppi et al.,
2019

Tygra

Poland

France

inflorescences

not
reported

steam distillation

not reported

monoterpenes (83.5)
sesquiterpenes (14.6
cannabinoids (0.2)

myrcene (33.4)1}
pinene (20.3)b-
pinene (8.0)(E)-
caryophyllene (7.6),
terpinolene (7.4),
limonene (5.6), E)-
b-ocimene (3.2)lF
humulene (2.2)

Iseppi et al.,
2019

Uso-31

Ukraine

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.03

monoterpenes (1-6
4.5); sesquiterpenes
(71.676.8);
cannabinoids (12:6
17.4)

caryophyllene oxide
(22.7-23.5),
cannabidiol (11.8
16.4), humulene
oxide Il (9.19.3), 14
hydroxy-9-epi-b-

caryophyllene (7.0

Pieracci et
al., 2021
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12.2),(E)-
caryophyllene (4.9
8 . 7-humuldde
(2.94.1),
caryophylla
4(14),8(15)dien5-ol
isomer 1 (2.74.7),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.75.4)

monoterpenes (82.0)

myrcene - ( 2
pinene (14.7)(E)-
caryophyllene (7.7),

Zenit Romania France inflorescences| pemorted steam distillation not reported| sesquiterpenes (16.2| (E)-b-ocimene (6.2), lzsoefg' etal,
P cannabinoids (0.2) |t er pi nol-en
pinene- (4.
humulene (2.5)
Dioecious
(E)-caryophyllene
( 21 .-Hunylened
Antal Czech Italy inflorescences not steam distillation not reported ?ezg%ti?éfpegﬁ:s(?(ilzllg (10.1), caryophyllene| Iseppi et al.,
Republic reported cannabinoids (0.1) | oxide (9.5), myrcene| 2019
' ( 8. Pinene (U4),
(E)-b-ocimene (5.0)
cannabidiol (14.5
25.0), caryophyllene
oxide(14.214.4), 14
monoterpenes (0-0 hy dro§<y-9-ep'+b-)
inflorescences| 2.1); sesquiterpenes caryophyllene (5.5 Pieracci et
Bernabeo Italy North Italy and floral dry hydrodistillation 0.03-0.05 (55.370.0); 8 B’ r?ur)rlmlene o.xide al. 2021
bracts cannabinoids (15:0 II'(5,2-6 9).(E)- "
26.9) caryophyllene (3.6
10 . 4hyumuleng
(2.7-6.2)
cannabidiol (21.9
. 35.9),(E)-
. mon_oterper_les (25 caryophyllene (102
inflorescences 9.3); sesquiterpenes 14.4), caryophyllene | Pieracci et
Carmagnola | ltaly North Italy and floral dry hydrodistillation 0.090.13 (47.1:62.8); oxi.de’(7 G13. 7) | al, 2021
bracts cannabinoids (22:5 : : o

37.7)

humulene (4.5.3),
14-hydroxy-9-epi-b-

caryophyllene (2.5
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7.8), humulene oxide
I1(2.4-2.7),
caryophylla
4(14),8(15)dien5-ol
isomer 1 (1.43.3),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (1.24.1)

monoterpenes (68.4)

myrcene (29.2)0}
pinene (15.1)(E)-

Nissen et

Italy Central Italy | inflorescences| fresh steamdistillation 0.26 (v/iw) sesquiterpenes (26.1 caryoph_yllene (13.9), al., 2010
(E)-b-ocimene (6.9),
b-pinene (6.4)
myrcene (34.4)1}
pinene (14.6)(E)-
Italy France inflorescences not steamdistillation not reported ?ezg%ti?éfpegﬁ:s(?fgf)} caryophyliene (8.5), | Iseppi etal,
reported cannabinoids (0.2) | terpinolene (8.3), 2019
) limonene (4.3)l
humulene (2.8)
cannabidiol (29.6
30.5), caryophyllene
oxide (9.911.3),(E)-
caryophyllene (9.4
15 . 4hyimulerig¢
monoterpenes (1-9 | (5.0-7.5), humulene
inflorescences| 8.0); sesquiterpenes | oxide Il (3.64.5), 14 Pieracci et
Italy North Italy and floral dry hydrodistillation 0.080.20 (54.7-60.1); hydroxy-9-epi-b- al. 2021
bracts cannabinoids (31:3 | caryophyllene (3.0 "
31.4) 8.7), caryophylla
Carmagnola 4(14),8(15)dien5-ol
Cs isomer 2 (1.34.1),
caryophylla
4(14),8(15)dien5-ol
isomer 1 (0.98.8)
myrcene (24.3)(E)-
female monoterpenes (68.3)| caryophyllene (19.3), Rossi et al
Italy Central ltaly | . dry hydrodistillation 0.15 sesquiterpenes (29.1| terpinolene (13.5)} "
inflorescences S i 2020
cannabinoids (0.2) pinene (11.4),
limonene (6.7)
(E)-caryophyllene .
Italy Central Italy irsgl)(erescences fresh steam distillation 0.07 Q:)sr(]q?]tifer?sgsess(%?i.z% (47.2),Ghumulene ;gzsgl etal,

(15.1), myrcene

39




(10.6),Upinene
(8.0), limonene (4.1)

monoterpenes (70.8)

myrcene - ( 2
pinene (18.6)(E)-
caryophyllene (14.3),

Italy France inflorescences| ngorted steamdistillation not reported sesquit(_arp_enes (27.0 lb? Imr(])ir:ai-e( 6( Izsoelpg)l etal,
cannabinoids (0.1) h
umulene (4.6),
caryophyllene oxide
(1.3)
(E)-caryophyllene
(22.5), cannabidiol
monoterpenes (23.7)| ( 1 1 .-udnylened
hydrodistillation 0.14 sesquiterpenes (54.6| (8.9), myrcene (6.1),
cannabinoids (12.2) | Upinene (5.5),
female caryophyliene oxide Fiorini et
Italy Central ltaly inflorescences dry (5.2) al., 2020
(E)-caryophyllene
(22.2), cannabidiol
microwaveassisted | o ;o ;nec;g%tiféfpegﬁ:s(%sz 413 ( 14 .-inylened
extraction ) cannabinoids (16 3)‘ ( 9. dPipene (&10),
) caryophyllene oxide
(5.9), myrcend5.0)
myrcene (30.4)1}
pinene (20.4)(E)-
not monoterpenes (80.8)| caryophyllene (9.3), Iseppi et al
Dioica 88 France France inflorescences| steam distillation not reported| sesquiterpenes (17.6| b-pinene (8.2), "
reported o . 2019
cannabinoids (0.2) | terpinolene (8.2),
limonene (5.5)[*
humulene (2.9)
cannabidiol (22.2
34.5), caryophyllene
oxide (9.31 0. 9)
bisabolol (4.95.2),
monoterpenes (0:3 | 14-hydroxy-9-epi-b-
inflorescences| 5.1); sesquiterpenes | caryophyllene (3.6 . .
CEZEr‘Erg?)ana Italy North Italy and floral dry hydrodistillation 0.090.20 (56.365.4); 9.1), (E)- zller;(():gllet
bracts cannabinoids (23-3 | caryophyllene (341 "

35.1)

11.6), humulene
oxide 1l (2.63.4),
selina3,7(11}diene
(2.38 . 6-humuldde

(1.85.4),
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caryophylla
4(14),8(15)dien5-ol
isomer 1 (1.63.5),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (1.23.5)

Fibranova

Italy

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.06-0.14

monoterpenef).3
3.1); sesquiterpenes
(61.569.2);
cannabinoids (22-1
33.5)

cannabidiol (21.3
32.1), caryophyllene
oxide (10.212.0),
(E)-caryophyllene
(6.3-16.8), humulene
oxide 1l (4.04.2), 14
hydroxy-9-epi-b-
caryophyllene (3.6
10 . zhyimulerig¢
(2.96.3),
caryophylla
4(14),8(15)dien5-0l
isomer 1 (2.35.0),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (2.2 . 8-)
bisabolol (2.24.0),
selina3,7(11)diene
(2.1-5.6)

Pieracci et
al., 2021

Italy

Central Italy

inflorescences

fresh

steamdistillation

0.23-0.25
(v/w)

monoterpenes (58-1
63.2); sesquiterpeneg
(31.538.0)

myrcene (12.80.3),
Upinene (10.917.0),
(E)-caryophyllene
(10.61 3 . 8pinene
(8.99 . 3-humuldde
(5.7-6.7), E)-b-
ocimene (2.60.3)

Nissen et
al., 2010

Fibrante

Italy

North Italy

inflorescences
and floral
bracts

dry

hydrodistillation

0.080.16

monoterpenes (3:4
6.7); sesquiterpenes
(52.578.5);
cannabinoids (12:9
35.5)

cannabidiol (12.6
33.8),(E)-
caryophyllene (102
16.2), caryophyllene
oxide (9.216.6) - U
humulene (5.77.4),
humulene oxide Il
(3.1-7.0), 14
hydroxy-9-epib-
caryophyllene (2.7
12.6), caryophylla

Pieracci et
al., 2021
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4(14),8(15)dien5-ol
isomer 1 (1.77.1),
caryophylla
4(14),8(15)dien5-ol
isomer 2 (1.65.1)

monoterpenes (41.0)

(E)-caryophyllene
(29 .-@nene U
( 11 .-unylened

Finola Finland France inflorescences ngorted steam distillation not reported sesquit(_arp_enes (57.3 I(i%lg.l)lll)'a?gtgteen(i.(g).?) Izsoelpg)l etal,
cannabinoids (0.1) -
b-pinene (4.1),
caryophylene oxide
(2.5
myrcene - ( 3
pinene (16.6)(E)-
not monoterpenes (82.0)| caryophyllene (9.2), Iseppi et al
Tiborszallasi | Hungary France inflorescences reported steam distillation not reported| sesquiterpenes (15.9| (E)-b-ocimene (6.4), 2019 "

cannabinoids (0.3)

b-pinene (5.3),
terpinol-en

humulene (2.7)

42




M a-pinene M B-myrcene

= A
40
35
30
25
3
ES
20
15
10
0 I.1. I " . | i | | I [ wull l
o Lt S S S o B e B B e B} 0 v @+ @ >~ n 25 M @O @ m Mo mWoo-RF
22280 MN0M ERRRRRRRR IS EESERRERNEEESTCLCVBUUBEZEZE25E
t¢cgopropponoEpppopopnc ERx 0Pt feeccaennonn 32 5
uw_\'._)anoag.E.EEg'S:;:333333§>SEDEE—3 cpylifpfoooooo.agg o
EETSgPPEOTTITITLSS5555555 08355 SEEESS555552 84 z
SO ESuwuwuun docadaocaaca =g B & cEEERFPFFFFE T s
808§ w0 uuuggéggg £ =
oo T om0 ® T
U UuUU oo o
Menoecious Dioecious
M B-caryophyllene B a-humulene
- B
45
40
35
30
X 25
20
15
10
S|I| || Il I | |||| ||||I|||”|II||| |”I|||||
o Ml Il A0 B A R R 0 I | I I
o o NSNS n M v M & M~ o =5 M M oOowVnmumwmuwm L S R v VI
éigg—iﬂﬂﬂmmmmmgﬁKﬁQQQQQQ:—a3:S,gNQL:'E'ﬁg:—j%'ﬁuuuduugc 2= 3508
YYoooooononumnegpupopuoppeecER cSogpgPiBc oo 30053
S 29 E E. 58053558 8FaN<S B pppc000C 0T 0.2 85o &
5593 £ =¥ A R e = EE e e e 08 £2 a
= = =t e e e 3 L =
S E QO r e =z o e =, o EERPRPHRPHPRDS v o
THE e b3 W60 e EgEEE =
T8 & v n L O A = =
o oY

Cal
Cal
o Ca
Ca
Cal
Cal

A
o
G

Monoecious

Figurel2z Oc c ur r epnene and myrcéne and @)-c ar y o p h y Fhuneuleren therE®s flom the
different cultivars

The predominancef monoterpenes or sesquiterpenes instindiedEOs did nogenerally
seemo beinfluencedby the sexual reproduction of teeverahemp cultivars (monoecious
or dioecious), buprobablyit dependean theplant materiaktatusand extractiorprocess

In fact,dried plant material allowei obtain hemp EOs with more abundsesquiterpenes
with respect tanonoterpenesAbdollahi et al., 2020; Ascrizzi et al., 2019; Benelli et al.,
2018b; Da Porto et al., 2014; Fiorini et al., 2020; Pellegrini et al., ZO&fxcci et al., 2021;
Smeriglio et al., 2019) and, on trether hangd monoterpenesvere predominant on
sesquiterpenes in EOs from fresh inflorescenBesé€lli et al., 2018a; Gulluni et al., 2018;
Marini et al., 2018; Nissen et al., 201%ynowiec et al., 2016). Bhreason could be due to
the storageanddrying processes, whictlecreaseanonoterpenesontent because they are
more volatile than sesquiterper{Pseracci et al., 2021 the same waycannabinoids ere
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especiallycollectedin EOsobtained by usinglry biomass and, on thentrary they were
almostor totally absenin EOsfrom fresh material. Thisspecindicatedthat drying plays
akeyrole incausinghe decarboxylation of cannabinoid acidptoduce the corresponding
alcohol forms (Fiorini et al. 2019)namely CBD in significant amounts andother
cannabinoidsn low levels such as cannabichrome(@BC) and cannabidivaroBenelli et
al., 2018b; Fiorini et al., 201%®ieracci et al., 2021 Besideghe material status, also the
extraction methodrepresents arucial parametegnffecting the EOprofile, rdating, in
particular,to the cannabinoids contenthe traditionaHD and SDwere appliedn almost

all the studies presented in TaBleandsome differences in the chemical composition can
be noted when these techniques are eygal for obtaining hemp EO (Benelli et al., 2018b).
The @nnabinoiddraction wasdetected especially in Em HD (Ascrizzi et al., 2019;
Benelli et al., 2018b; Fiorini et al., 2019; Fiorini et al., 20R@&racci et al., 2021), vaneas
these compounds were almost or totally missm@&Os produced bySD (Benelli et al.,
2018a; Gulluni et al., 2018; Iseppi et al., 2019; Marini et al., 2018; Nissen et al., 2010;
Pellegrini et al., 2020; Rossi et al., 208ynowiec et al., 2016HD and SDpossessome
disadvantages, in terms ehergy andvaterconsumption, andlsolong extraction times
(Filly et al., 2014)Moreover Fiorini et al. (2019) natedthat themicrowavegre-treatment

of dry inflorescencegpositively affectedEO yield andthe amountof certain chemical
constituentsSpecifically, this processvas reportedo be the best tmaximize CBD,(E)-
caryophylleneand caryophyllene oxidevelsin EOs, with respect to thoskeriving from
nontreated biomass (Fiorini et al., 2018asing on these findingsnnovative and
sustainableextraction approachesave beerrecently elaborated@nd implementedand,
among them, MAHlefinitely represents eeliable productive andrather economistraegy

to obtain EOs (Lucchesi et al., 2004). Fiorini et al. (2020) demonstrated thattMAdbe
employed, after a suitable optimizationijnoreaselieCBD content (14.5%n the EOwith
respect to HD (11.5%)making this product more appealing frompaarmaceutical
perspective. This fact cgmmobablybe due tothe higher energy penetration of microwaves,
which contribute to anincreasdn the decarboxylatioof CBDA into CBD (Fiorini et al.,
2020)

44



1.7.3Biological and pharmacological properties

Several interesting and beneficial biological effects of hemp EO result from literature
researches, being the insecticidal, acaricidal, antimicrobial and antioxXig@nimost
significant properties of this product. More recently, other pharmacologicaltiastiof
hemp EO emerged, such th® neuroactive, anthflammatory, antiviral, antieishmanial

and anxiolytic ones.

Insecticidal, acaricidal, and repellent activity

Hemp EO is gaining attentionas an interesting product with repellent amsecticidal
potential(Mcpartland, 2019)Its effectivenessan varydepending on # used plant part
(inflorescencesleavesor panicles)the mode of action (namely ingestion, contact, and so
on), andthe targéinsect species and its development s{@gdle 3). Table 3 contains the

literature findings related tiheinsecticidal and acaricidal effeatf hemp EO.
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Table3. Activity of hemp EO against several arthropod and mollusk species

Targeted pest or ) )
Plant part . Tested instar Mode of action LCso LCo0 Notes Reference
non-target species
n.d. Aedes albopictus instar larvae contact/ingestion 301.560 pL/L 693.999 pl/L - Bedini et al., 2016
mortality=100%
n.d. Physella acuta adults contact/ingestion 35.370 pL/L n.d. starting from 100 Bedini et al., 2016
pL/L
inflorescence Culex .
S quinquefasciatus adults contact > 500 ¢g - Benelli et al., 2018a
inflorescence . Culex . 3rd instar contact/ingestion 252.5 ml/L - Benelli et al., 2018a
s quinquefasciatus larvae
|nfloresscence Myzus persicae adults contact 3.5 mllL 6.2 mil/L - Benelli et al., 2018a
mfloresscence Musca domestica adult females contact 43.3 ¢eg/ 32;3/.5;;1 d - Benelli et al., 2018a
|anoreSscence Spodoptera littoralis Srlgr'\?:;ar contact 152.3 ¢9g - Benelli et al., 2018a
24 h after EO
application at 0.1%,
panicles Aulacorthum solani n.d. contact n.d. n.d. pest mortality rate=| Goérski et al., 2016
98.20%, while after
48 h it reached 1009
EO application at
0.1%, pest mortality
panicles Tetranychus urticae n.d. contact n.d. n.d. at24,48 and 72 h Gorski et al., 2016
aftertreatment was
83.28, 95.83 and
98.72%
mortality= 6.7% at
inflorescence Trogoderma adults inaestion n.d n.d 500 ppm and 61.1%| Kavallieratos et al.,
S granarium 9 o o at 1000 ppm, 7 days 2020
postexposure
. mortality= 4.4% at .
inflorescence Trogod_erma larvae ingestion nd. nd. 1000 ppm, 7 days Kavallieratos et al.,
S granarium 2020
postexposure
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Cv Felina 32
inflorescence
S

Anopheles gambiae

instar larvae

contact/ingestion

73.5 ppm

n.d.

EO at 100 ppm:
mortality= 91.1%

Rossi et al., 2020

Cv Felina 32
inflorescence
S

Anopheles gambiae

pupae

contact

50.06 ppm

n.d.

EO at 100 ppm:
mortality= 84.9%

Rossi et al., 2020

Cv
Carmagnola
male
inflorescence
S

Anopheles gambiae

instar larvae

contact/ingestion

75.04 ppm

n.d.

EO at 100 ppm:
mortality= 89.8%

Rossi et al., 2020

Cv
Carmagnola
male
inflorescence
5

Anopheles gambiae

pupae

contact

50.27 ppm

n.d.

EO at 100 ppm:
mortality= 79.7%

Rossi et al., 2020

Cv
Carmagnola
female
inflorescence

5

Anopheles gambiae

instar larvae

contact/ingestion

75.54 ppm

n.d.

EO at 100 ppm:
mortality= 91.6%

Rossi et al., 2020

Cv
Carmagnola
female
inflorescence

s

Anopheles gambiae

pupae

contact

41.51 ppm

n.d.

EO at 100 ppm:
mortality=79.6%

Rossi et al., 2020

Cv
Carmagnola
male
inflorescence
S

Anopheles stephens

instar larvae

contact/ingestion

75.23 ppm

n.d.

EO at 100 ppm:
mortality= 89.8%

Rossi et al., 2020

Cv
Carmagnola
female
inflorescence

S

Anopheles stephens

instar larvae

contact/ingestion

75.12 ppm

n.d.

EO at 100 ppm:
mortality= 90.2%

Rossi et al., 2020

Cv
Carmagnola
male
inflorescence
s

Anopheles stephens

pupae

contact

20.13 ppm

n.d.

EO at 100 ppm:
mortality= 90.5%

Rossi et al., 2020
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Cv

Carmagnola EO at 100 ppm:
_ female Anopheles stephens pupae contact 67.19 ppm n.d. mortality= 94.2% Rossi et al., 2020
inflorescence
s
Cv Felina 32 EO at 100 opm:
inflorescence| Anopheles stephensi instar larvae contact/ingestion 78.8 ppm n.d. L ppm-: Rossi et al., 2020
S mortality= 82.7%
Cv Felina 32
. EO at 100 ppm: .
|anoreSscence Anopheles stephens pupae contact 54.41 ppm n.d. mortality= 100% Rossi et al., 2020
Cv Felina 32
inflorescence| Dermanyssus gallinag larvae contact 47.1 eg/| 493 ¢gd - Tabari et al., 2020
s
Cv Felina 32
inflorescence| Hyalomma dromedarii larvae contact 73 eg/ ml 517 ¢€g - Tabari et al., 2020
s
n.d. . C_:ulex instar larvae contact/ingestion 0.0101 mL/L 0.0295 mL/L - Thomas et al., 2000
tritaeniorhynchus
n.d. Anopheles stephensj instar larvae contact/ingestion 0.026 mL/L 0.0749 mL/L - Thomas et al., 2000
n.d. Aedes aegypti instar larvae contact/ingestion 0.0273 mL/L 0.0919 mL/L - Thomas et al., 2000
Culex . ) .
n.d. instar larvae contact/ingestion 0.0453 mL/L 0.1803 mL/L - Thomas et al., 2000

quinquefasciatus
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Testsperformed onsmall arthropods with thin cutidefor instance aphids, some mite
species, mosquitoes, and termites, gave the best results regarding hanged&iidal,
acaricidal, and repelleqtroperties(Benelli et al., 2018alicpartland, 2019; Tabari et al.,
2020. Notably, hemp EO caused a significant reduction in the population of the arthropods
Aulacorthum solaniKalt., or foxglove aphid(Hemiptera: Aphididag)and Tetranychus
urticae Koch, ortwo-spotted spider mitéAcari: TetranychidaeGorski et al., 2016)The
testedEO aqueous emulsion solution at 0.1 toa mortality rate of 98.20% of. solani

and 83.28% off. urticaeafter 24 h(Gorski et al., 2016)-urther assays demonstratbe

high toxicity ofhemp inflorescencdsO on the peachotato aphidMyzus persicaéSulzer)
(Homoptera: Aphididae) (Lé=3 . 5 mL/ L) and Mesca donfesticdhousef
(Diptera: Muscidae) (L&= 4 3 . 3 ¢g(Behedli étwall 2018a) Also, several mosquitoes
being very harmful to human healtfere positivey affected byhemp EOQO(Thomas et al.,
2000).The authors, by evaluatirdjfferent concentrationsf aqueous solutio(0.06, 0.1,

0.12 and 0.2 mL/L of water) of EOfound betterLCso and LGo valuesfor Culex
tritaeniorhynchusGiles (Diptera: Culicidae) (L§&=0.0101 mL/L, LGe=0.0295 mL/L)
followed by Aedes aegypt(L.) (Diptera: Culicidae) (L&=0.026 mL/L, LGo=0.0749
mL/L). Lower toxicity results were obtained f&nopheles stephensiston (Diptera:
Culicidae) (LGo=0.0273 mL/L, LG0o=0.0919 mL/L) andCulex quinquefasciatuSay
(Diptera: Culicidae) (L6=0.0453 mL/L, LGo=0.1803 mL/L).Additionally, considerable
toxicity of hemp EO has beeamtedtowardsthe Asian tiger mosquitéedes albopictus
(Skuse) (Diptera: Culicidae) and the freshwater smi¥ilysella acuta(Draparnaud)
(Mollusca: Physidae) (Bedini et al., 2016uta certaintoxicity was registeredgainst the
norttarget insectCloeon dipterumL. (Ephemeroptera: Baetidaeps well The EOat a
concentration of 0.1 mL/L determinddd0% mortality ofP. acuta andLCso values were
0.0301 mL/Lfor A. albopictus0.2821 ml/Lfor C. dipterum and 0.3537 ml/lfor P. acuta
(Bedini et al., 2016)Moderate toxicity wagevealedon lepidopterans by hemp EO
(Mcpartland, 2019)Felina 32hemp EOwas estimated to haveaéfo f 152 . ®n € g/ | a
larvae ofSpodoptera littoraligBoisduval) (Lepidoptera: Noctuida@Benelli et al., 2018a)

A marginal mortality value orstored product éetles namely Prostephanus truncatus
(Horn) (Coleoptera: Bostrichidae) androgoderma granariumEverts (Coleoptera:
Dermestidag)was obtained fohemp EOfrom this variety(Kavallieratos et al., 2020).
Specifically,its efficacy was théowestone amongdhe other seven EOsivestigatedn the
study,with mortality rates 06.7% at 500 ppm and 61.1% at 1000 ppm, 7 days after exposure
(Kavallieratos et al., 2020).
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Concerninghontargetspecieshemp EO wagess toxicagaing Harmonia axyridigPallas)
(Coleoptera: Coccinellidae), the multicolored Asian lady beetle (Benelli et al., 2018a) (Table
4).

The production of bioactive secondary metabolites like terpenes and cannabinoids can be
responsible for the hermdpsnoderate resistance to insects and pests (Tabari et al., 2020).
According to several works, arthropod deterrence may be due especially to terpe@oids in
sativa(Mcpartland, 2019). Hence, hemp EO main monoterpenes and sesnetetmave

been tested in order to identify their potential role in inducing toxicity on different arthropods
(Rossi et al., 2020; Tabari et al., 2020) (TableThe contact toxicity of hemp EQE)-
caryoph# uma h einend) and myrcene was avated at 5, 10, 20, 50, 100, and

200 €ghchO0 &L of Et OHDermanyssub gallinaBeGeer (Agari: mi t e
Dermanyssidae), and on the eggs and larvae of thelyi@lomma dromedarioch (Acari:

|l xodi dae) at 0.5, 1, 2, 5, 10, 20, and 50
result,(E)-c ar y o p h y |-Huraukeee ware tthe ptincipal responsible tfue acaricide

effect, making them industrially exploitable for the developmdrgustainable acaricide
compounds (Table 5) (Tabari et al :pinen€ 020) .
myrcene(E)-c a r y o p h-gumulenaamd carybphyllene oxide that are common in hemp

EO camalsobe detecteth EOs from other plants (da Sileaal., 2015; Haselton et al., 2015;

Sun et al., 2020) (Table 6).
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Table4. Effect of hemp EO on netarget invertebrate species

Plant part Species Tested instar Mode of action LCso0 LCo0 Reference
n.d. Cloeon dipterum late instars nymphs | contact/ingestion| 282.174 pL/L 631.961 pL/L Bedini et al., 2016
inflorescences Harmonia axyridis 3rd instar larvae contact non toxic non toxic Benelli et al., 2018a
inflorescences | Harmoniaaxyridis adults contact non toxic non toxic Benelli et al., 2018a
inflorescences Eisenia fetida adults contact/ingestion non toxic non toxic Benelli et al., 2018a
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Tableb. Efficacy of the maiterpenes in hemp EO on arthropod pests and vectors

] Tested Mode of
Compound Target species ) ) LCso LCo0 Notes Reference
instar action
Hyalomma larvicidal activity >80 % when .
(E)-caryophyllene dromedarii larvae contact 15.2 ¢eg/ 89.2 ¢€g tested at 50 Tabari et al.2020
Hvalomma hi ghest ovicida
(E)-caryophyllene d y o eggs contact n.d. n.d. which completely inhibited egg Tabari et al.2020
romedarii )
hatching
. hi ghest toxic e .
(E)-caryophyllene| Dermanyssus gallinag larvae contact 19.7 ¢egl 80.9 ¢€g caused 99.33% mortality Tabari et al.2020
- Hyalomma larvicidal activity >80 % when .
Uhumulene dromedarii larvae contact 15.3 ¢eg/ 69.7 ¢€g tested at5@ g / mL Tabari et al.2020
5 Hvalomma hi ghest ovicida
Uhumulene y " eggs contact n.d. n.d. which completely inhibited egg Tabari et al.2020
dromedarii ;
hatching
- . hi ghest toxic e .
Uhumulene Dermanyssus gallinag larvae contact 25.1 eg/ 89.5 ¢g which caused 100% mortality Tabari et al.2020
myrcene Hyalommfa_l larvae contact 92.2 ¢eg/ 392 eg/ - Tabari et al.2020
dromedarii
myrcene Dermanyssus gallinag larvae contact 77.8 ¢eg/ 477.3 ¢¢ - Tabari et al.2020
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Table6. Insecticidal activity of some compounds typical of hemp EO but obtained by other EOs from different plant species

Compound Plant species Organism Stadium Mode of action LCso LCo0 Notes Reference
. . Dorymyrmex S de Oliveira et
(E)-caryophyllene Varronia curassavica thoracicus workers fumigation 1.49 ¢ 9.90 al., 2019
Plectranthus . instar : . Govindarajan
(E)-caryophyllene barbatus Anopheles subpictu larvae contact/ingestion 41.7 ppm n.d. etal., 2016
Plectranthus . instar . . Govindarajan
(E)-caryophyllene barbatus Aedes albopictus larvae contact/ingestion 44.8 ppm n.d. etal., 2016
Plectranthus Culex instar . . Govindarajan
(E)-caryophyliene barbatus tritaeniorhynchus larvae contact/ingestion 48.2 ppm n.d. etal., 2016
camphene Chello_costus Hellcc_)verpa 3rd instar ingestion 10. 64 20. 29 Benelli et al.,
Speciosus armigera larvae 2018c
camphene Chello_costus Hellcgverpa eggs contact 35.39 n.d. Benelii et al.,
Speciosus armigera 2018c
. . . . . . PlataRueda
caryophyllene oxide Syzygium aromaticun| Sitophilus granarius| adults contact 2.784 6945 ¢ etal. 2018
. L Anopheles instar Zhu and Tian,
caryophyllene oxide Artemisia gilvescens anthropophagus larvae contact 49.46 mg/l 115.38 mg/l 2013
5 mofen?= % Yang et al
caryophyllene oxide Syzygium aromaticun| Pediculus capitis eggs contact n.d. n.d. hatchability 2%03 "
42+1.7
0.50 mg/cr Yang et al
caryophyllene oxide Syzygium aromaticun| Pediculus capitis females contact per > 300 n.d. 2%03 v
minutes
caryophyllene oxide Syzygium aromaticun| Tenebrio molitor larvae n.d 9'217. 22'99. after 48 h Martinez et
o €g/ing ggl/in exposure al., 2018
caryophyllene oxide Syzygium aromaticun| Tenebrio molitor pupae n.d 14'64. 30'96. after 48 h Martinez et
o €eg/ing egg/in exposure al., 2018
caryophyllene oxide Syzygium aromaticun| Tenebrio molitor adults n.d 25'46. 54'59. after 48 h Martinez et
o €eg/ing gg/in exposure al., 2018
. . . . instar . . Silva et al.,
caryophyllene oxide Hyptispectinata Aedes aegypti larvae contact/ingestion| 125 pg/mL n.d. 2008
. . . . instar . . Lee and Ahn,
caryophyllene oxide Pinus densiflora Aedes aegypti larvae contact/ingestion 113 mg/L n.d. 2013
caryophyllene oxide Pinusdensiflora Aedes albopictus |'2f\fgé contact/ingestion| 107.62 mg/L n.d. Lee;(;]ldsAhn,
. . . Culex pipiens instar . . Lee and Ahn,
caryophyllene oxide Pinus densiflora pallens larvae contact/ingestion| 126.28 mg/L n.d. 2013
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after 24

After 24 hours| hours > 100
. Cinnamomum . instar . . 65.6 ug/ml pg/ml Cheng et al.,
caryophyllene oxide osmophloeum Aedes aegypti larvae contact/ingestion after 48 hours|  after 48 2009
58.3 pg/mi hours > 100
pg/ml
caryophyllene oxide lllicium pachyphyllum| Sitophilus zeamais| adults contact 34.09 ¢ n.d. nggigl.,
. - Tribolium Liu et al.,
caryophyllene oxide lllicium pachyphyllum castaneum adults contact 45.56 ¢ n.d. 2012
caryophyllene oxide | lllicium pachyphyllum| Sitophilus zeamais| adults fumigant 17.02 mg/L n.d. Lu;gi;l.,
. . Tribolium . Liu et al.,
caryophyllene oxide Illicium pachyphyllum castaneum adults fumigant 15.98 mg/L n.d. 2012
. . . Tribolium . . Cao et al.,
caryophyllene oxide Evodia lenticellata castaneum adults fumigant > 50 mg/L air n.d. 2018a
. . . Lasioderma . . Cao et al.,
caryophyllene oxide Evodia lenticellata serricorne adults fumigant > 50 mg/L air n.d. 2018a
. . . Liposcelis . . Cao etal.,,
caryophyllene oxide Evodia lenticellata bostrychophila adults fumigant > 5 mg/L air n.d. 2018a
caryophyllene oxide Evodia lenticellata Tribolium adults contact > 50 ¢ n.d. Caoetal,
castaneum 2018a
caryophyllene oxide Evodia lenticellata Lasu_)derma adults contact 37.56 ¢ 79.94 Caoetal,
serricorne €g/ ad 2018a
. . . Liposcelis 71.29 Cao et al.,
caryophyllene oxide Evodia lenticellata bostrychophila adults contact 35.40 £g/ ad 2018a
. . . Lasioderma Cao et al.,
caryophyllene oxide Evodialenticellata serricorne adults contact 31.2 ¢ n.d. 2018b
. . . Liposcelis Cao et al,,
caryophyllene oxide Evodia lenticellata bostrychophila adults contact 27.2 ¢ n.d. 2018b
caryophyllene oxide Origanumvulgare Tribolium adults contact and 0.00018 n.d Kim et al.,
yophy 9 9 castaneum fumigant mg/cn? o 2010
. . - Tribolium Pang et al.,
caryophyllene oxide Atalantia buxifolia castaneum adults contact > 50 ¢ n.d. 2020
. . - Lasioderma 116.6 Pang et al.,
caryophyllene oxide Atalantiabuxifolia serricorne adults contact 45. 7 ¢ £ g/ ad 2020
. . - Liposcelis 96.9 Pang et al.,
caryophyllene oxide Atalantia buxifolia bostrychophila adults contact 46. 4 ¢ £g/ ad 2020
caryophyllene oxide Cephalotaxus sinensi| Megoura japonica adults contact 0.13 ¢ n.d. Mgoeztgl.,
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caryophyllene oxide Cephalotaxus sinensi| Plutella xylostella adults contact 0.36 ¢ n.d. Mgoeégl.,
caryophyllene oxide Cephalotaxusinensis| Sitophilus zeamais| adults contact 49.78 ¢ n.d. M;Oeztgil.,
caryophyllene oxide Cephalotaxus sinensi| Megoura japonica adults fumigant 28.62 mg/L n.d. M;Oeztgil.,
caryophyllene oxide Cephalotaxus sinensi| Plutellaxylostella adults fumigant 30.59 mg/L n.d. Mgoeégl.,
caryophyllene oxide Cephalotaxus sinensi| Sitophilus zeamais| adults fumigant > 100 mg/L n.d. Mg;ztgl.,
Feitosa
caryophyllene oxide Hyptis pectinata Acromyrmex adults contact 18.97 pg/mg 49.53 Alcantara et
balzani pa/mg
al., 2017
Feitosa
caryophyllene oxide Hyptis pectinata Atta Sex dens adults contact 35.34 pg/mg 158.92 Alcantara et
rubropilosa pa/mg
al., 2017
Feitosa
caryophyllene oxide Hyptis pectinata Acromyrmex adults fumigant > 100 pL/L n.d. Alcantara et
balzani
al., 2017
Atta sexdens Feitosa
caryophyllene oxide Hyptis pectinata ; adults fumigant > 100 pL/L n.d. Alcantara et
rubropilosa al 2017
Cthumulene Chello_costus Hellcpverpa 3rd instar ingestion 20. 86 41 72 Benelli et al.,
Speciosus armigera larvae 2018c
Cthumulene Chello_costus Hellcc_)verpa eggs contact 77 10 nd. Benelli et al.,
speciosus armigera 2018c
Chumulene Varronia curassavica Dorymyrmex workers fumigation 3.75 ¢ 8.68 de Oliveira et
thoracicus al., 2019
- Rhyzopertha Bedini et al.,
Uhumulene Humulus lupulus dominica n.d. repellency 0.59 %2 n.d. 2015
Uhumulene Humulus lupulus Sitophilus granarius n.d. repellency 2.95 % n.d. Bedzlgll%t al.,
- . . . . . 9.350 PlataRueda
Uhumulene Syzygium aromaticun| Sitophilus granarius| adults contact 4,613 e L/ mL etal., 2018
- 5 mg/oni =% Yang et al
Uhumulene Syzygium aromaticun| Pediculus capitis eggs contact n.d. n.d. hatchability 2%03 "
48+ 1.7
3 0.50 mg/cri vang et al
Uhumulene Syzygium aromaticun| Pediculus capitis females contact per > 300 n.d. 2%03 v
minutes
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. . . . . 15.27 30.95 after 48 h Martinez et
Uhumulene Syzygium aromaticun| Tenebrio molitor larvae n.d. . .
€eg/ing g€gl/in exposure al., 2018
Uhumulene Syzygium aromaticun| Tenebrio molitor pupae n.d 21'41. 40'45. after 48 h Martinez et
o eg/ing eggl/in exposure al., 2018
Uhumulene Syzygium aromaticun| Tenebrio molitor adults n.d. 31'85. 56'76. after 48 h Martinez et
eg/ingdg ggl/in exposure al., 2018
. . . . instar . . Lee and Ahn,
Uhumulene Pinus densiflora Aedes aegypti larvae contact/ingestion| > 150 mg/L n.d. 2013
C-humulene Pinus densiflora Aedes albopictus instar contact/ingestion| > 150 mg/L n.d. Lee and Ahn,
larvae 2013
Uhumulene Pinus densiflora Culex pipiens Instar contact/ingestion| > 150 mg/L n.d. Lee and Ahn,
pallens larvae 2013
. . L . . . . >0.382 Kim and Lee,
Uhumulene Ocimum basilicum | Sitophilus zeamais| adults fumigant mglcn? n.d. 2014
Uhumulene Ocimum basilicum Tribolium adults fumigant > 0.382 n.d. Kim and Lee,
castaneum mg/cn? 2014
Uhumulene Ocimum basilicum | Sitophilus zeamais| adults contact 0.040 n.d. Kim and Lee,
mg/adult 2014
- . . Tribolium 0.045 Kim and Lee,
Uhumulene Ocimum basilicum castaneum adults contact ma/adult n.d. 2014
Uhumulene (_)_st_erlcum Tribolium adults contact 14. 23 g n.d. Zhang etal,
viridiflorum castaneum 2019b
- Ostericum Liposcelis 118.56 Zhang et al.,
Uhumulene viridiflorum bostrychophila |  2dults contact g/ ad n.d. 2019b
reduction of:
17.19% at
0.071:3
L 24.70% at
Upinene terpenpelérsmpunds Cagﬁ?::r:g;hus adults Or\gg&s:gg)nn n.d. n.d. 0.1423 Cg%lll%ey,
36.47% at
0.2138
54.17% at
0, 2843
0. 6883
air after 24
hours 0.459
Croinene pure Callosobruchus adults fumigation e | Parm nd Chaubey,
P terpenecompunds chinensis 9 after 48 hours e 2015
0. 4273
air after 72

hours 0.316




el Pairm
after 96 hours
2.73 2%¢
after 24 hours
2.38 ?%¢
Upinene pure Callosobruchus adults contact after 48 hours nd Chaubey,
terpenecompunds chinensis 1.94 2¢ e 2015
after 72 hours
1.29 ?%¢
after 96 hours
hatching
inhibition rate
(%HIR)
9.72% at 0.28
e | Pairm
20.15% at
Chpinene pure Callosobruchus eags fumigation nd nd 0. 42 %¢| Chaubey,
terpenecompunds chinensis h h air 2015
42.54% at
0.56 3¢
air
57.45% at
0, 70 3¢
air
grain damage
reduction:
14.13% at 0.1
el /tgm
Upinene pure Callosobruchus adults chronic exposure nd nd 10.83% at 0.2 Chaubey,
terpenecompunds chinensis e e el /tgm 2015
8.98% at 0.4
el /tgm
6.23% at 0.6
el /*gm
Upinene Peucedanum Tribolium n.d fumigation 12.15 mg/L n.d Sun et al.,
terebinthaceum castaneum o air o 2020
Upinene Peucedanum Lasioderma nd fumigation 38.07 mg/L nd Sun et al.,
terebinthaceum serricorne o air o 2020
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T Peucedanum Liposcelis S . Sunetal.,
Upinene terebinthaceum bostrychophila n.d. fumigation 1.43 mg/L air n.d. 2020
o Peucedanum Tribolium 2 Sun et al.,
Upinene terebinthaceum castaneum n.d. contact 22.47 n.d. 2020
S Peucedanum Lasioderma 2 Sun et al.,
Upinene terebinthaceum serricorne n.d. contact 76.82 n.d. 2020
- Peucedanum Liposcelis 2 Sunetal.,
Upinene terebinthaceum bostrychophila n.d. contact 873.73 n.d. 2020
Upinene Cinnamomum verum| Sitophilus granarius| adults contact 4. 235 8.205 PlataRueda
) e L/ mL etal, 2018
_— Plectranthus . instar . . Govindarajan
Upinene barbatus Anopheles subpictu larvae contact/ingestion| 3 2. 09 62.79 etal., 2016
_ Plectranthus . instar . . Govindarajan
Upinene barbatus Aedes albopictus larvae contact/ingestion| 34 . 09 67.12 etal., 2016
- Plectranthus Culex instar . . Govindarajan
Upinene barbatus tritaeniorhynchus larvae contact/ingestion 36 . 75 69.33 etal., 2016
Upinene Cinnamomum verum| Tenebrio molitor larvae n.d. 14'02. 27'16. after 48 h Martinez et
€eg/ing gg/in exposure al., 2018
Upinene Cinnamomum verum|  Tenebrio molitor pupae n.d 17'58. 35'56. after 48 h Martinez et
o €eg/ing g€gl/in exposure al., 2018
o . . . 29.92 56.44 after 48 h Martinez et
Upinene Cinnamomum verum|  Tenebrio molitor adults n.d. . .
€g/ing ggl/in exposure al., 2018
o . . instar ) . Lucia et al.,
Upinene Eucalyptus grandis Aedes aegypti larvae contact/ingestion 15.4 ppm n.d. 2007
oo Cinnamomum . instar . . Cheng et al.,
Upinene osmophloeum Aedes albopictus larvae contact/ingestion| 74 pg/mL n.d. 2009
Upinene . Culex . Instar contact/ingestion 95 pg/mL n.d. Pavela, 2015
guinquefasciatus larvae
Upinene Citrus X sinensis Sitophilus zeamais adults fumigant 0.264 mg/cr n.d. Klm;glci4Lee,
Upinene Citrus X sinensis Triholium adults fumigant 0.273 mg/cr n.d. Kim and Lee,
castaneum 2014
_ . . . . . . 0.347 Kim and Lee,
Upinene Citrus X sinensis Sitophilus zeamais| adults contact mg/adult n.d. 2014
T . . . Tribolium 0.509 Kim and Lee,
Upinene Citrus X sinensis castaneum adults contact mg/adult n.d. 2014
. . Tribolium 25.37 Guo et al
Upinene Juniperus formosana adults contact eg/ ad\y n.d. "
castaneum £ g/% m 2016
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https://www.sciencedirect.com/science/article/pii/S0147651318302227#!
https://www.sciencedirect.com/science/article/pii/S0147651318302227#!
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://www.sciencedirect.com/science/article/pii/S0378874118318671#bib41
https://bioone.org/search?author=Alejandro_Lucia
https://bioone.org/search?author=Alejandro_Lucia

- . Liposcelis 873.73 Guo et al
Upinene Juniperus formosana bostrvchophila adults contact eg/ ad\y n.d. 2016 "
yehop egl/?cm
Upinene Litsea cubeba Lsaesrlr(i)g(;errnrr;a adults contact 76. 82 ¢ n.d. Yag%f}l al.,
- . Liposcelis 873.73 Yang et al.,
Upinene Litsea cubeba bostrychophila adults contact £g/ ad n.d. 2014
_ . . IV instar . . Shabhriari et
Upinene Ephestia kuehniella| larvae ingestion 0.864 n.d. al., 2018
Upinene Evodia rutaecarpa ;—;St:g:;lérm adults contact 22.5 ¢ n.d. ngleftil? g
Upinene Evodia rutaecarpa Lsa;s;l:i)g;rnrga adults contact 76.8 ¢ n.d. ngleg"
Upinene Evodia rutaecarpa boléltrr);;?ggzila adults contact 873.7 ¢ n.d. Cazgféf 2
- . Tribolium contact and Kim et al.,
Upinene Origanum vulgare castaneum adults fumigant 0.114 mg/cra n.d. 2010
Upinene Cephalotaxus sinensii Megoura japonica adults contact 0.14 ¢ n.d. Mgoeégtl.,
Upinene Cephalotaxus sinensi| Plutella xylostella adults contact 0.42 ¢ n.d. Mg;;gl.,
Upinene Cephalotaxus sinensi| Sitophilus zeamais| adults contact > 100 ¢ n.d. Mggztgl.,
Upinene Cephalotaxus sinensi| Megoura japonica adults fumigant 6.74 mg/L n.d. Mi(;a;;l.,
Upinene Cephalotaxus sinensi| Plutella xylostella adults fumigant 7.35 mg/L n.d. Mggé’“"
Upinene Cephalotaxus sinensi| Sitophilus zeamais| adults fumigant 6.41 mg/L n.d. Mggztgl.,
mvrcene Peucedanum Tribolium n.d fumigation 21.91 mg/L nd Sunetal.,
y terebinthaceum castaneum o 9 air o 2020
mvrcene Peucedanum Lasioderma n.d fumigation n.d n.d Sun et al.,
y terebinthaceum serricorne T 9 T o 2020
mvrcene Peucedanum Liposcelis nd fumigation nd nd Sun et al.,
y terebinthaceum bostrychophila o 9 o o 2020
Peucedanum Tribolium 2 Sun et al.,
myrcene terebinthaceum castaneum n.d. contact 19.93 n.d. 2020
Peucedanum Lasioderma 2 Sun et al.,
myrcene terebinthaceum serricorne n.d. contact 16.61 n.d. 2020
Peucedanum Liposcelis 2 Sunet al.,
myrcene terebinthaceum bostrychophila n.d. contact 320.49 n.d. 2020
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Kim and Lee,

myrcene Citrus X sinensis Sitophilus zeamais| adults fumigant 0.274 mg/cra n.d. 2014
myrcene Citrus X sinensis Tribolium adults fumigant 0.275 mg/crh n.d. Kim and Lee,
castaneum 2014
. . . . . . 0.372 Kim and Lee,
myrcene Citrus X sinensis Sitophilus zeamais| adults contact mg/adult n.d. 2014
. . . Tribolium 0.451 Kim and Lee,
myrcene Citrus X sinensis castaneum adults contact mg/adult n.d. 2014
myrcene Evodia rutaecarpa | Sitophilus zeamais| adults fumigant 51'3;rmg/|‘ n.d. Lluzagleu,
myrcene Evodia rutaecarpa Tribolium adults fumigant 4359 mo/L n.d. Liu and Du,
castaneum air 2011
myrcene Evodia rutaecarpa Tribolium larvae fumigant 87.09 mg/L n.d Liu and Du,
y P castaneum 9 air o 2011
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Ingestion toxicitycaused byheseterpenedas beemxaminedn arthropods of agricultural
interest (Benelli et al., 2018&nd on thosdiving in the urbancontext(de Oliveira et al.,

2 0 1 9-Humulede fromthe EO of Cheilocostus speciosys.Kénig) C.Specht (2006)
rhizomewas assayedn Helicoverpa armigeradtbner (Lepidoptera: Noctuidae) larvae and
eggsshowngalGoeof 20. 86 ¢ gdmil &% .d3IBpacivEiBenelli et

al., 2018c)As for urbanpests(E)-c a r y o p h y I-huneutersedervingifroriVarronia
curassavicaJacq.had a LGp o f 3. 75 an despéctivdh9towards thé. ant
Dorymyrmex thoracicu&allardo (Formicidae: Dolichoderinae) (de Oliveira et al., 2019)
(Table6). In addition some of theseompound$rom Peucedanum terebinthinaceuisch.

EO displayeddiversecontact toxicity to three storgatoduct insects (Sun et al., 2020). In
fact -pideneexhibitedLCso valuesof2 2 . 4 7, 76,a82 SgF/3a’dghingt g/ c m
Tribolium castaneum(Herbst) (Coleoptera: Tenebrionidae)asioderma serricorne
Fabricius (Coleoptera: Anobiidae) ahgposcelis bostrychophil8adonnel (Psocoptera:
Liposcelididae), respectivelyror (E)-caryophyllene,LCso valuesaccounted for25.86,
43.79 gagndadb?2 t§ Pespectivélyc and myrceneneswere 19.93, 16.61
eg/ adul t a n 4 re§pechvelyiNotably, gvihen amployinga fumigationbased
method o n-pingne drovided significant fumigant activity against T. castaneum
(LCs0=12.15 mg/L air),L. serricorne (LCs0=38.07 mg/L air) andL. bostrychophila
(LCs50=1.43 mg/L air) (Sun et al., 2020)he fumigant toxicityof this monoterpenagainst
other pestspamelyHypothenemusampeiFerrari (Coleoptera: Scolytidae) (Reyes et al.,
2019), Sitophilus granariud_. (Coleoptera: Curculionidae) (Adarkwah et al., 20%5f)d
Callosobruchus chinensid.. (Coleoptera: Bruchidae) (Chaubey, 2015), has been
demonstrated In fumigations vith myrcene, theobtained outcomes have proven a
satisfactory effiency onlywith respect ta'. castaneunfLCso= 21.91 mg/L air) (Sun et al.,
2020) Various conditions can influenckd efficacy ofpreviouslymentionedcompounds,
namelythe target insect and itrowth stage €.9.,eggs, larvae or adultgong withthe
action mechanism (e,goxicity by contact, ingestion or fumigation) (Cao et al., 2018a, b;
Kim et al., 2010; Liu et al., 2012; Sun et al., 2020). Caryophyllene m{tenedfrom
several EQis endowed withhigh toxicity by fumigation and/or contact agaiksy stored
productadultinsects (Cao et al., 2018a, b; Liu et al., 201R) differentmo s q u latvare s 0
(Lee and Ahn, 2013; Silva et al., 200Bavingcomparableffectto the synthetic insecticide
dichlorvosfor controllingpest species iarban and public healtfiKim et al., 2010) (Table

6). My r ¢ e n ehunaulere alldwedeacling an equivaleneffectiveness against stored

product insect¢Kim and Leg 2014; Liu and Du, 20110n the other sideheywere less
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activeagainst larvae cdomemosquito speciem comparisorto caryophyllene oxide (Lee

and Ahn, 2013) (Tabl6). Insects of different orders wevariously susceptible to-pinene

(for instance,LCso0= 0. 1 4 ¢ g Megalra |l japonidgaMatsumura and L€=29.92

€ g/ i n Jemebtio moliorL.) (Ma et al., 2020; Martinez et al., 2018he same trend
wasalsoobservecamong specieBelonging tathe same ordere(g.,LCso on T. castaneum

was 25. 37 ¢ gL dastythophilavwhiwaes o8n7 3. 73 eg/ adul t)
(Table6).

Hempbased pesticides are promisicandidates to be employéat preservingagricultural
and public healthBenelli et al., 2018bMcpartland, 2019)Although he actionmode in
insectsof hemp ECand its componentseed to bavell understood, it can b®ipposed that
their pesttoxicity is explained througthe high lipophilicityand capacity openetation into
the integument of larvae and cuticle of adul#ternatively,they couldpassthrough the
spiracles and trachedamagingdifferent organdike the midgut and alteng thelocomotor
activity, even up taleath (Hashem et.aR018; PlateRueda et al., 2020).
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Antibacterial activity

Literature data on the antimicrobial effects of EOs from different hemp cultarars

collected inTable 7.

Generally, Granpositive bacteria showed higher sensitivity to hemp EOs with respect to
the Gramnegative ones. Indeed, the EOs analysed by Iseppi et al. (2019) were not active
against Grannegative strains. Among them, the EOs from Futura 75 and KC Zuxama
monoecious cultivars, and from the dioecious Antal exerted a significant antimicrobial effect
on S aureus and MIC values (16.0, 2.@nd 2.0 ug/mL, respectively) were markedly lower
than that found for Futura 75 EO (8000 pg/mL) in another workdibeat al., 2018). Futura

75, KC Zuzana, Antal, and also Tygra, Zemaihd Carmagnola EOs (Iseppi et al., 2019)
displayed remarkable activity dumsteria monocytogenewith MIC values from 2.0 to 16.0
pg/mL. Moreover,S. aureusand L. monocytogeneshowed the highest susceptibility to
Futura 75 EO (1.25.0 and 2.5%.0 pyL/mL, respectively) (Pellegrini et al., 2020). Several
BacillusCohnspecies were inhibited by the EOs studied by Iseppi et al. (2019), in particular
by the dioecious dtivars Antal and Carmagnola EOs (MIC results of-2.6 and 1.€2.0

pug/mL, respectively). The EOs from Futura 75, KC Zuzana, Antal, and also Tygra, Zenit
and Carmagnola varieties (Iseppi et al., 2019) showed a noticeable antimicrobial activity
relating b Enterococcusstrains. The MIC values folEnterococcus faecalisand
Enterococcus faeciunascribed to Carmagnola EO (2% and 1.0 pg/mL, respectively),

were minor than Futura 75 EO ones {1680 and 1.68.0 ug/mL, respectively), even if this

last varety EO was potent against thieeterococcuspecies. Better findings were obtained

for Futura 75 EO rather than Carmagnola EO ((IL&% vs 1.80-1.70% v/v, respectively)
againstEnterococcus hira€arrow & Collins ancE. faecium(Nissen et al., 2010). Ifact,

these authors registered lower MIC values of Futura 75 EO, with respect to Carmagnola and
Fibranova EOs, for almost all Grapositive bacteria, namelZlostridium bifermentas
(Weinberg and SéguinglostridiumbutyricumPrazmowskiClostridiumtyrobutyricumvan
Beynum and Pett&. hirag E. faeciumandStreptococcus salivarisndrewes & Horder.

The antimicrobi al activity of sepmene,avhs mon ot
confirmed in particular again&interococcusandListeria specieglseppi et al., 2019). So,

the inhibitory properties possessed by Futura 75, Tygra,, ZecitCarmagnola EOs towards
these strains probably resulted from the predominance of myrcene in their chemical profile.
UPinene reached the best results on both Grasitive and negative bacteria, with respect

to the other investigated terpenes (Nissen et al., 2010). So, the antimicrobial effect of several
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EOs c oul d-pibeae pceserce.tndactUt represented the main compound in Futura
75 EO (Marini et al.,2018), and the second most abundant constituent of Futura 75,
Carmagnola and Fibranova EOs (Nissen et al., 2010). In Futura 75 (Pellegrini et al., 2020;
Zengin at al., 2018), KC Zuzana and Antal E(®E;caryophyllene was dominant on other
compounds, probably having a pivotal function regarding the antimicrobial efficacy of these
hemp EOs. AlsgEOs from other plants were rich(iB)-caryophyllene, having an important
antibacterial activity (Sabulal et al., 2006), and this sesquiterpeneassayed against
several Granpositive and negative strains, with significant results (Dahham et al., 2015). In
this study, the lowest MIC values of hemp EOs were detect&l anreusand Futura 75,

KC Zuzanaand Antal EOs had a superior effect on tlthpgen compared to other bacterial

strains.

Regarding Grammegative bacteria, Futura 75 EO was the only one with an activity against
Helicobacter pylori(Marshall), possessing a MIC value of 32.0 ug/mL and MBC value of
64.0 ug/mL (Zengin at al., 2018seudomonas fluoresceMigula, Salmonella enteritidis

and Salmonella typhimuriurKauffmann & Edwards had a greater resistance to Futura 75
EO administration (MIC >20 uL/mL), with respect to Grqositive strains (Pellegrini et

al., 2020). This could occuebause of the Gramegative bacter@ suter membrane, rich

in lipopolysaccharides which have a certain permeability to hydrophilic substances but are
not pervious to hydrophobic molecules (Pellegrini et al., 2020). As well as for@rsitive
species, Hura 75 EO was the most active, in comparison to Carmagnola and Fibranova
EOs, also towards the tested Graggative strainsRectobacterium carotovorudones),
Pseudomonas corrugatRoberts and ScarletR. fluorescensPseudomonas savastonoi
(Smith), Pssudomonas syringa¥an Hall, Pseudomonas viridiflavdBurkholder) and
Pseudomonas campest(Bammel)), with MIC values always under 2.00% v/v (Nissen et
al., 2010). Therefore, MBC was determined only for Futura 75 EO, and major values for
Gramnegative rther than Granpositive bacteria were found, as a confirmation of the
general higher susceptibility of Grapositive strains to antimicrobial agents. The effect of
hemp EOs on these several species can be attributed to the hydrophobicity of their
componerg , Wi th consequent permeability increa
leakage of ions and other cell matter (Burt, 2004). Other action mechanisms proposed for
EOs on bacteria are the interruption of the proton motive force, electron flow, active
transportand the cytoplasm coagulation. Moreover, the lipophilic hydrocarbon constituents
of EOs can have a direct interaction with proteins, like enzymes, or modify tHelipiein
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connection by accumulating in the lipid bilayer (Burt, 2004). With tip@se to expand the
knowledge about the antimicrobial properties of hemp EOs, the antimycotic effects of three
industrial hemp chemovars (CarmagnGi Eletta campana, and Futura 75) were evaluated
on different dermatophytes causing inflammatory skin disorders, naAréhlyoderma
crocatum Arthrodermacurreyi Berk, Arthrodermagypseum Arthrodermainsingulare
ArthrodermaquadrifidumbDawson & GentlesTrichophytonmentagrophyte€C.P. Robin)
Sabour, andrichophyton rubrunfCastell.) Sabour (Table 7) (Orlando et al., 2021). All the
tested species were inhibited by the EOs, with valuessoivEying between 0.312 and 10
eg/ mL. Among t hae’5 EGademandtrated sthe beStuntyaostatic activity.
Notably, caryophyllene oxide displayed antimycotic efficacy inimarvitro model of

onychomycosis (Yang et al., 2000).
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Table7. Antibacterial anantifungal effect of hemp EOs on different microbes and dermatophytes species

. Main components . MBC
Variety Plant part (%) Target species | MIC (ug/mL) (ug/mL) Referene
(E)-caryophyllene
(28.0),
caryophyllene oxide Sta‘;huyrfﬁgccus 8000 16000 Zengin at
aerial parts | (15.0),Uhumulene al., 2018
(13.0), myrcene
(11.-finene Helicobacter
(8.0) pylori 32.0 64.0
Staphylococcus 16.0
aureus )
Staphylococcus 10
epidermidis )
myrcene (19.8)(E)- Listeria 8.0
Caryophy_llene monocytogenes )
(14.8), terpinolene | Enterococcus 1.0-16.0 _
(9. ®ihene Uy faecalis i Iseppi et al.,
inflorescences| ( 8 . 4Qmulene Enterococcus not reported 2019
(6.6), caryophyllene hirae 4.0
oxide (5.2), Enterococcus
limonene (4.9), faecium 1.08.0
CBD (0.6) Bacillus subtilis 4.0
Bacillus cereus 1.0
Bacillus 4.08.0
Upinene (19.2),
. myrcene (17.2)(E)- S -
inflorescences Listeria Marini et
and leaves caryophyliene monocytogenes not reported >2048 al., 2018
(15.3), camphor
(5.8)
Pseudomonas >20 (uL/mL)
Futura 75 fluorescens
Salmonella
enteritidis >20 (uL/mL)
(E)-caryophyllene Salmonella
(34.6), myrcene | typhimurium >20 (pL/mL) not reported
. (13 .-upnulened Brochothrix Pellegrini et
inflorescences (11.-pinene thermosphacta >20 (uL/mL) al., 2020
(9.8), caryophyllenel  Enterococcus
oxide (4.5) faecium >20 (uL/mL)
Listeria 2.55.0 2.55.0
monocytogenes (uL/mL) (UL/mL)
Staphylococcus 1.255.0 1.255.0
aureus (uL/mL) (uL/mL)
Clostridium o
bifermentas 1.41 (% viv) not reported
Clostr!dlum 1.76 (% viv) not reported
butyricum
Clostridium 1 76 (95 yr) | 2.83 (% viv)
sporogenes
myrcene (20.8)- Clostridium 0
pinene (16.4)(E)- tyrobutyricum 1.66 (% vIv) not reported
. caryophyllene Enterococcus o Nissen et
inflorescences (12.8), terpinolene hirae 1.40 (% viv) not reported al., 2010
(10.7),b-pinene Enterococcus o o
(6.5) faecium 1.55 (% viv) 2.56 (% viv)
SUEPLOCOCCUS |y 46 (05 ypv) | 2.19 (% viv)
salivarius
Pectobacterium | &6 (0 yn) | 3.12 (% viv)
carotovorum
Pseudomonas 1.40 (% viv) not reported
corrugata
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Pseudomonas
fluorescens

1.35 (% viv)

not reported

Pseudomonas | gg o6 ypy) | 3.71 (9% viv)
savastonoi
Psequmonas 1.62 (% viv) not reported
syringae
Pseudomonas o
viridiflava 1.43 (% viv) not reported
Pseudomo_nas 1.44 (% viv) not reported
campestris
Trichophyton
mentagrophytes 0.79
Trlchkc))phyton 0.996.3
(E)-caryophyllene rr? r(l;m
(19.3),Upinene Az[r(;ga;rga 0.39
. (14.9), myrcene Arthroderma Orlando et
inflorescences| (11.8), tetracosane o 0.39 not reported
L guadrifidum al., 2021
(8.8), Uhumulene Arthroderma
(8.3), terpinolene 0.49
(5.1) gypseum
Arthroderma 157
curreyi
Arthroderma 0.79
insingulare
Staphylococcus 20
aureus )
Listeria
(E)-caryophyllene | 1onocytogenes 2.04.0
((22.-@nene Enterococcus 5 0.16.0
(20.7), myrcene | faecalis .0-16. . |
(14 -Hunylened Iseppi et al.,
KC Zuzana | inflorescences Ry Enterococcus notreported 2019
(7. Hipene b hirae 16.0
(6.9), €)-b- Enterococcus
ocimene (6.3), faecium 2.016.0
terpinolene (6.3)
Bacillus subtilis 8.0
Bacillus 16.0
myrcene(33.4), - m rII"Stet”a N 4.0
pinene (20.3)b- onocytogenes
pinene (8.0)(E)- .
Iseppi et al.,
Tygra inflorescences caryophyllene (7.6), not reported 2019
terpinolene (7.4),
limonene (5.6),5@- Enterocqccus 4.0
b-ocimene (3.2)1F faecalis
humulene (2.2)
Bacillus 4.0
Listeria 4.0
myr cene - ( monocytogenes '
pinene (14.7)(E)-
caryophyllene (7.7), .
Y _p_y ene (7.7) Enterococcus Iseppi et al.,
Zenit inflorescences (B)-b-ocimene f li 4.0 not reported 2019
(6.2), terpinolene aecalls
( 6. ipene b
(4. hgmulen® | Bacillus subtilis 4.0
(2.5)
Bacillus 4.0
(E)-caryophyllene | Staphylococcus 20
( 21 .-t@umnylenel aureus ) .
N . (10.1) Staphylococcus Iseppiet al.,
Antal inflorescences 7 . . - 4.0 not reported 2019
caryophyllene oxide epidermidis
(9.5), myrcene _ Listeria
( 8. Pipene U monocytogenes 4.016.0
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(?.4), €)-b- Enterocqccus 1020
ocimene (5.0) faecalis
Enter_ococcus 20
hirae
Enteropoccus 20
faecium
Bacillus subtilis 2.0
Bacillus cereus 1.0
Bacillus 0.52.0
Listeria 20
monocytogenes
o~ Enterococcus
myrcene (34.4)} faecalis 0.52.0
pinene (14.6)(E)- Enterococcus i
Iseppi et al.,
caryophyllene (8.5), faecium 10 not reported 2019
terpinolene (8.3),
limonene (4.3)I> Bacillus subtilis 2.0
humulene (2.8)
Bacillus cereus 1.0
Bacillus 1.02.0
Clostridium o
bifermentas 1.75 (% V)
Closindum | 52,00 (% vi)
utyricum
Clostridium 0
sporogenes >2.00 (% viv)
Clostridium o
tyrobutyricum >2.00 (% V)
Carmagnola| inflorescences
g Entir_ococcus 1.80 (% Vi)
irae
Enterococcus o
myrcene (29.2)0- faecium 1.70 (% )
pinene (15.1)(E)- Streptococcus 1.54 (% viv)
caryophyllene salivarius ' not reported Nissen et
(13.9), €)-b- Pectobacterium P al., 2010
: 1.84 (% viv)
ocimene (6.9)b- carotovorum
pinene (6.4) Pseudomonas 1.81 (% viv)
corrugata
Pseudomonas 1.71 (% viv)
fluorescens
Pseudomon_as >2.00 (% Vi)
savastonoi
Pseudomonas 1.88 (% VIv)
syringae
Pseudomonas o
viridiflava 1.68 (% Vi)
Pseudomo.nas 1.76 (% Vi)
campestris
Trichophyton 0.79
mentagrophytes
Trichophyton 0.993.15
rubrum
myrcene (26.4)(E)- Arthroderma 157
caryophyllene crocatum )
Carmagnola inflorescences (19.1),Upinene Arthroderma 315 not reported Orlando et
cs (12.6),Ghumulene | quadrifidum : P al., 2021
(7.2), terpinolene Arthroderma
1.57
(7.0) gypseum
Arthroderma 198
curreyi
Arthroderma 6.30
insingulare
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Trichophyton

<0.31
mentagrophytes
Trichophyton 1576.30
rubrum
heptacosane (23.9)  Arthroderma 157
(E)-caryophyllene crocatum )
Eletta inflorescences (13.5),Upinene Arthroderma 315 not reported Orlando et
campana (11.9), myrcene guadrifidum ) P al., 2021
(6.8), tetracosane Arthroderma 3.15
(6.0 gypseum :
Arthroderma 6.30
curreyi
Arthroderma 0.99
insingulare
Clostridium 1.731.80 (%
bifermentas viv)
Glostndum 1 >2.00 (% v
utyricum
Clostridium o
sporogenes 1.69 (% viv)
Clostridium o
tyrobutyricum >2.00 (% vIv)
Enterococcus 1.691.81 (%
hirae viv)
rzn)gcene (12.6 N Enterococcus 1.641.78 (%
10 9173%)%'26 faecium vIv)
(ca.ryoph)/)lién)e- Streptococcus | 1.571.83 (%
Fibranova inflorescences (10613. 8) | Pez?cl)lg)/:(r:ltlfr‘ium vIv) not reported gllsszeglgt
pinene(8.99 . 3-) carotovorum >2.00 (% viv) v
humulene (5.96.7),
(E)-b-ocimene (2.0 Pseudomonas | 1.761.78 (%
9.3) corrugata vIv)
Pseudomonas | 1.741.88 (%
fluorescens viv)
Pseudomon_as 1.81 (% Vi)
savastonoi
Pseudomonas | 1.841.89 (%
syringae viv)
Pseudomonas | 1.791.84 (%
viridiflava viv)
Pseudomo.nas 1.89 (% viv)
campestris
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Antioxidant activity

The field of natural antioxidant molecules is growing due to the possible toxicity of synthetic
antioxidants, employed as common food and commodities preservatives, like butylated
hydroxytoluene (BHT) and butylatedydroxyanisole (BHA). In this contex&EOs as
potential antioxidantgents can be insertefls an exampldyloroccanC. sativaEO showed

a significanteffectfor the DPPH (16 =1.6 = 0.1 mg/mL), for ferric reducing power €C

= 0.9 N 0.1 -egotenellifolei@atid assa@Ceo=108 + 0.2 mg/mL) (Nafis

et al., 2019). However, thefadingswere not as strong &sose of BHT (IGo from 4.2 +

0.1 to 7.1 N 0.1 =hptveet0)9 +a.0add2 q 8 e Ném@)t The s @l C
antioxidant activity ofC. sativaEO might be mostlydependent onhe presence of&f)-
caryophyllene and caryophyllene oxide andatminorextent,less abundantompainds

like linalool and myrceneTwo radical scavenging (DPPH and ABT&hd tworeducing

power (CUPRAC and FRAP) tests were employed to afisessavenging/reducing effects

of EOs from three industrial henqultivars, namelyFutura 75, Eletta Campana, and CS
(Menghini et al., 2021 )Particularly Eletta Campana and FuturaE®s exrted the highest
antiradical propertie@Menghini et al., 2021).

Other activities

The antioxidant and anéicetylcholinesteraseffects, along witlthe neuroactiveroperties

of EOs from two differentC. sativachemovars (Chinese accessior83@ andFibrante
variety) were searche(Smeriglio et al., 2020). Both EQemonstrate@d dableand dose
dependent antioxidant activitgndalsohada strongacetylcholinesterasehibitory activity,
withan IGovalueof5 7. 31 and 74. 64 ¢ g/ mandHAb@nte varietg Chi n
Then, as fothe cell viability and neuroactive properties of the two EtBeyallowed a
concentratiordependent inhibition of the spontaneous electrical activity of mouse and
human neuronal networkand especiallghe Fibrante chemovar indedtthe most potent
suppressiomf mean burst rate (lgof 1 2 . 0 ,samp/ofrmedn firing rate (Kg equal to

10. 6 ¢The/ additiye.or synergistic effect between phytocannabinoids and terpenes
could be the origin of the documentedvitro biological activities even ifin vivoevidencs

arestill scarce

Hemp EOs were evaluated against tyrosimaseprostaglandin E2 in an isolated mouse skin

model forfinding a new potentialiseas skin protectiveroductgOrlando et al., 2021). The
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effects obtainedby all EOs on hydrogeperoxideinduced PGE2 levetonfirmed the
possible applicationf hemp EOsn inflammatory skin diseaseSloreover hemp EOslid

not affect the cell numbén anin vitro model of human H1299 lung adenocarcinoma gcells
excluding anyrole on cell survival.Finally, hemp EOswere studiedon transmembrane
protease serine 2 (TMPRSS2) and angioteosinverting enzyme 2 (ACE2), that are
considered apromising targetsn mediating SARSCoV-2 virus entry irhumancells As a
result,the gae expression of TMPRSS2 and ACE2 was reduceth&d\EOs suggesting
their inclusionin protection devicesuch asurgical maskgp be useds physical barriers
against COVIBR19 (Orlando et al., 2021).

The proe or anttinflammatory activity ofCarmagnola CS and Felina B8mp EOs$as been
recently evaluatedto assesdhe safety of these products on health care providgrs
investigating the release of the proinflammatory cytokines hmman fibroblasts and
keratinocytesreatedwith etoposid€Raossi et al., 2020¥-or the first time, it was discovered
through gene expression analysis and ELISA afisatythe CBDBfree hemp EOs do not
causenflammaton. Hemp EOglecreasedytokinesrelease by etoposide on skin cell lines,
boostingthe inflammatorypathways. Thigact might beascribable td}humulene andE)-
caryophyllenethat are endowed witin vivo antiinflammatory activityby reducingTNF-U

and IL-1 bNotably, the toxicological and comet assays haighlightedthe safety ohemp
EOs on human cell linegjlowing their use in pharmaceutical and cosmeceutical sectors

through an appropriaencapsulation in nanoemulsions

Recently the efficacy of hemp EOs frothethree differenvarietiesFutura 75, Carmagnola
CSand Elettacampanavas evaluatedgainsthe cutaneous leishmaniasis vedteishmania
tropica Wright infectinga panel of adult male BALB/c mice cells (Menghini et al., 2021).
After a treatmentof 8 weeks all EOspositively reduced the tissue wounchore tharthe
untreated control group. Eletta campana and Futyras/the met promising chemovars,
displayedprotectiveactivity similar to amphotericin Bthe antileishmanial treatment of
choice. Their antileishmanialeffed is consistentwith their best scavenging/reducing
profile.

The effect of inhalation of hemp E@as exploredon the nervous system in 5 healthy
subjects. Autonomic nervous system parameters (ANS) and brain wave activities were
registeredas signalsof the nervous system stimulation (Gulluni et al., 20Fakstly, the

inhalation of EO has been moectedwith anincreasean skin temperature and heart rate.
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Furthermore, thesamodifications of the ANS parametersvere also related to the
simultaneousimplication of the parasympathetic nervous system (PN&nksto the
presence of monoterpenése limonenein hemp EOSo, limonene mighhave a rolen the
rise of skin temperature and heart rate. Ttleer outcomeoncerned theecordingof the
moodparametersn the healthy volunteerShey experiencepositivesensations aftéremp
EO inhalation. Afavourablealteration of the mood state has bedservedas well. The
subjects weranore relaxed, in a good mood, and more energetiaddition theyfelt a
more intenséunger, aneho more pain in case of strohgadachdn conclusion, the general
well-being could be improved byemp EO inhalation. This anxiolytic effect on ANS might
derive fromthe presence of myrceng)-caryophyllene, and limonene or the EO itself.
Finally, EO inhalation increasetthe power and amplitude of alpha and theta brain waves
detected byglectroencephalogram (EEG) analyBiae to its effect on the ANS dithe brain
wave activitiesthe hemp EO inhalationan suggest the onset of positive and anxiolytic
actionon healthy volunteers.

1.7.4Encapsulation in ecefriendly formulations

EO-based botanical insecticidesn be applied as fumigants, granular formulations, or direct
sprays and can display a wide range of effdcten lethal toxicity to repellence and/or
deterrence towards pests. Consequently, pesticides made of EOs could be used with different
modalities ® control a huge number of parasitése efficacy of these products is generally
lower than that of synthetic pesticides, although for some pests aneffpativeness of

natural agents with respect to conventional ones has been observed. EOs cahigbguire

use rates and periodic reapplications, especially if employed outéiaxdherchallenges
associated with the commercial application of-B&3ed pesticides include the availability

of sufficient amounts of plant material, thiandardization and improvement of antiparasitic
products, the protection of technology through patents and the regulatory approval (Chow et
al., 2005) Large scale application for commercial w&O-based insecticidesould need

an implemented productioof EOs and the introduction by pesticide manufactuoérs
specific strategies able to guarantee a stable and consistent performance of their products,
given the variability of plant EOs chemical profile according to geographical, genetic,
climatic, annu& or seasonal factor#n this context, hemp and its products can represent

valid tools to counteract harmful pest species. Hemp is certainly a sustainable crop, capable
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of absorbing heavy metals and pesticides from the soil. For this reason, it caplogeeim

for phytoremediation purposes and to enrich the soil in organic carbon (> 10 t/ha). Moreover,
it does not require a massive use of fertilizers and pesticides, thus making it suitable for
sustainable cultivation systems (Amaducci et al., 2008)adlition, hemp could be
introduced in crop rotations asn essentialrenewal crop.In particular, hempEO
demonstrated insecticidal, acaricidal and repellent activities, thanks especiatly to
secondary metabolites, namely terpenes and cannabinoidact, there are numerous
literature works presenting the efficacy, against several arthropods, of B&mmain
components deriving from other plant specidsverthelessfurther research should be
conducted to compare their effectiveness to that of commercial insecticides, along with that
produced by the combination of more of theselecules with particdar reference to
synergistic and antagonistic effects (Benelli et al., 2017&Dbhote a fundamental goal
would be toinvestigate innovativeystems like nanoemulsiongFigure 13) to guarantee
substances efficacy and stabilitgr patential field appications where environmental
conditions maycause unsuccessful treatmef®avoni et al., 2019). Lagiut not least
additional studies regardirige p@sibleimpacton nontarget specieand the safety profile

of hempbased pesticidemepromptly necessary.

Figure13. Hemp EGbased nanoemulsion
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1.8 Conclusions

Industrial hemp E@anderive fromhemp manufacturing and biomas=prived of terpenes
before extractig cannabinoidsor from the extensive amounts of plant materalltivated
worldwide. Until now, a low yield (maximum 0.60%) was reportéat hemp EQ
determining dimitedindustrial exploitation ofhis product. Severatudies orthe clemical
compositionof hemp EOsbelonging to monoecious and dioecious varietiase been
reviewed in this introduction chaptgrointing outthe presence of characteristmarker
compoundsincluded ino two main classes, namely monoterpene hydrocarbons and
sesquiterpene hydrocarboriBheir qualiquantitativeoccurrence appeared to bhéected
especiallyby the extractiormethodand plant processingather than by themployed
variety. Sometimesalso cannabinog] in particulaiCBD, are present in thEO, making it
aninteresing product forpharmaceutical and cosmeceuticalustries Additionally, in the
near futuraunknowncultivarswill attract the attentioof researchers, aimed at studyirey
potential chemotypedo beindustrialy exploitable Hemp EO was subjectedo laboratory
assayshat confirmed it@ctivity against some insect vectonsifes,and pests of agricultural
importance,representingan ideal candidate fathe production ofbotanical insecticides
aimed at reducing the use g@bnventional pesticidesvith damaging effecton the
environment and human health. However, furtthemonstratiorof its efficacy onharmful
invertebrates as well as in field studissneededo support its exploitationMoreover,
researchon its delivery throughstable, effectivesustainablg and durable nanocarriers
namelymicroemulsions, nanoemulsions, nanopartickesl so onis of key importance for
its market approvallhen the antbacterialpotential of hemfEOsseens todeservedurther
studies especiallyn theveterinaryfield. TheEO showedd besafeto beneficial organisms,
and antrinflammatory, andnot cytotoxic on human cells.Consequently, innovative

applicationsof this valuable producre expected to hatroducedn thenext years
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2. CBD-enriched hemp essential oilproduced by an optimized
microwave-assisted extraction using a central composite design

2.1Work i ntroduction and aim

Hemp or6 f i-tbyrpee & ¢ a nn ab igownfronsages albver theaworld amd atgp
fibre, seeds, leaves and flowers aigedin severalfields such as autontle industry,
construction, papemnovel materials, bioenergy, textile, varnishes and inks, as well as in
medicine, foods, nutraceuticals and cosmetics (Ranalli and Venturi, 2004).

Hempcrop sustainability is related te fact thait enriches the soil in organic mattageds

no agrochemical input and moderate fertilizer requirement, Eossessesdsorption
properties toward pesticides, thatisefulin sustainable agricultural systems (Amaducci et
al., 2008; Finnanrad St y | e s, 2013; Vuk]| evil enployera ! . |, 2
for crop rotation with wheat, barley, corn and sunflower (Finnan and Styles, R04sX)of

the different varieties cultivated in the EU, as the third global hemp prodi@r (
Regulation 2009, come from France and lItaly (Cappelletto et al., 2001). In laigund
4000 ha ofhemp are cultivated byabout 2000 farmersn most casesising organic
agriculture (EC Regulation, 200%jth atotali ncome of ~ 40 mln G4 per
Nowadays Bedrocaf?, EpidioleX’, and SativeX are examples of. sativabasedmedical
preparationghat are used fdreatingchronic diseases, multiple sclerosis, neuropathio,

and epilepsy (Barnes, 2006; Devinsky et al., 2018; Palmieri et al.,.2019)

The increase ofmassivehemp biomass productionn the next years maylead to the
valorisationof this multipurpose crop by developing innovative prod{€ailzolari et al.,
2017). In thiscontext hempEO could beof interest for thgopharmaceutical, nutraceutical
and cosmeceutical industries and in integrated pest management pragesrelt €t al.,
2018a,biFiorini et al., 2019)especially against aphids, houseflies and ticks (Benelli et al.,
2018a,b; Tabari et al., 2020), addindgweato the whole production chaikloreover it can
meetthe increasing demand foannabiily extracts (Fiorini et al., 2019).

HempEOis an interesting nepsychotropic produchade ofa complex mixturef terpenes

and cannabinoid$p whichthesec a | | e d <4 rf isdue(ahigret al., 2019).

SD and HD, ashie most common extraction techniques for getting hempag®©time
consumingneedhigh energy and water input, and sometineasl tothemal degradation

of heatsensitive molecules (Filly et al., 2014)hus, nore recently solventfree methods

have been desloped for the extraction of volatile organic compounds (VOCs) from
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medicinal and aromatic plants (MAPs). Among them, MAE appears to be an effective,
reliable, and sustainabléechnology to improve/OCs extraction fromseveralmatrices
without using organic solvents (Lucchesi et al., 2004). Tmsovative and efficient
technique works causing vibration of water and other polar molecudgsmicrowave
radiationswith atemperaturencreaseand evaporation of water thiateakscells releasg
VOCs from the matrix by azeotropic distillation (Fierascu et al., 20B03uch wg, the
diffusion of target compounds is easier and faster, saving time and eRegprding its
applicationto the extraction oEOs MAE showedhigher yields and lower costwjith
respect taheconventional techniques (Filly et al., 2014, Petigny etéll4). MAE efficacy

is linkedto the selection of suitable operative conditions. Specifically, for every plant matrix
and solvent, the effectiveness of the extraction prategssnd®n the solvento-feed ratio,
extraction temperature and time, and microwave irradiation poWes.increasng of
microwave power and extraction timausuallyconnecteavith animprovemenbf the yield

even if this effect tends tsettle after certainvalues. Howevertoo muchheating of the
matrices must be avoided since it could damage some thermosensitiastittents
Regardng the solvento-feed ratio, a general trend cannotdstablishedince the results
arecloselyrelated to the matrix andlsent type (Veggi et al., 2012).

Recently our research grougvidencedhatpre-treatmentvith microwaves or oven heating
has apivotal effect onthe modulation othe chemical profile of hemRO, enhancinghe
content of bioactive CBD andE)-caryophyllene (Fiorini et al., 2019 or this reasonwe
decided to optimize for the first time the MAE processlbttaina bioactiveenrichedEO

from dry inflorescences of the Italian variety Carmagnolat@8ughthe Milestone ETHOS

X for the microwave green extraction of natural products (Turk et al., 2018).

For this purpose, a statistical approach, the response surface methodology R8VEl
composite design (CCD), was applisdunderstand the relationshigtiveen the hemp
volatile constituentsgO yield and extractiorconditions namely microwave irradiation
power (W/g), extraction time (min) and water added to the plant matrix after moistening
(%). The déned mathematical models were validated and then used to maximize the oll
yield and recovery of bioactive compoun@specially CBD The conventional HD was
performed for 240 min for comparative purposes. The qualitative composition of EOs
obtained by MAE andHD was evaluated bysas Chromatography coupled to Mass
SpectrometryGC-MS), whereas the quantitative detection of CBD and main terpenoids was
achieved byGas Chromatography coupled with Flame lonization DetecG@iKID). The

RSM methodology proved to laa effective tool in theptimization ofMAE of someEQOs
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(Abedi et al., 2017; Mollaei et al., 201Bgtigny et al., 2004 although it has been rarely
employedior the evaluation of the extraction efficiency on single bioactive compounds. To
our knowledge, the optimization of the marker hemp volatilestituentsas a function of
extractionparameterdias never beerealized To complete the work, we alsssessd
through chiral chromatograpltite enantiomeric distribution for the main hemp optically
active components namely Upinene, b-pinene, limonene, H)-caryophyllene and

caryophyllene oxide.
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2.2 Materials and methods

2.2.1Plant material

Coop Canapd Societa Cooperativa Agricola, San Severino Marche, Italy provided d
hempinflorescence$or this work Theyderivedfrom female individuals o€. sativacv CS

gowni n Castelbellino (N 43A30d4)0and Hledted inE 1 3 A
October 2018. Hemp inflorescences were diiedhe darkat 20°C and 50%elative

humidity until constant weightthenthey weremilled into small piecesandkeptinto jute

bags until use.

2.2.2MAE

MAE was performed using Bilestone ETHOS X (Milestone, Italy) advanced microwave
extracbr, a multimode microwave reactor of 2.45 Giith two magnetronsleliveringa
maximum power of 1800 W (2 x 950 Wnd an infrared sensor monitoring the temperature.
The experiments wengerfamedat atmospheric pressure using a glass reactor (Pyrex) of 5
L capacitysealedwith a glass coverDry biomass (500 g) was moisteneddistilled water

(5 L) for 30 min, then drained and weiglito be processed through MAE. Tégstemwas

used throughhe 6 F r a g r aunpadmdeup featglass Clevengdype apparatus above
the oven condensing the volatile compounds continupaslg allowing water to return
inside the reactor. After each extraction run, B@ with a density of 0.893 g/mL, was
separated from the water layand collected in vialslosedwith PTFEsilicon septavhich
weremaintainedat 4°C until chemical analysi TheEO yield was expressed in % (w/w).
Three main parameters were optimized during extractions: microwave irradiation power
(W/g of moistened biomass), extraction time (mar)d water added after moistening (% of

moistening biomass).

2.2.3Design of he experiments (Dok
The effect of MAE conditions on tHeO yield and composition wasstimatedy applying
aRSM, specifically aCCD. For a three factors study as in this céiseCCD is composed
by:

- 8(2% factorial experiments, designated by toeled variablesl or 1.

- 6 (2*3) axial experiments, defined by the coded varialdleg82 or +1.682.
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- 4 central experiments, specified by the coded variable 0.
The presence of the 6 axial points set at 1.682 in addition*tfuli factorial desigrensures
to obtaina spherical experimental domain and design rotatabititgddition the 4 central
points guarantee uniform precision within the experimental domain (Lewis et al., 1999a).
Thelist of all the 18 extraction runs with the correspondindecband uncoded variables is
reported in Tabl&. Each extraction run was characterized in terms of:

- EOvyield (%),determinedhs follow:

0 Q@WE VO Q
0 OBE VI GOt aca T
- Concentration of hemp marker volatile compounds (g/100EQ)f calculated
by GGFID as reported in sectich2.4

O 0w QQB Q

In the DoE terminology thEOYyield, and the concentration of bioactive compouadshe
designresponseswvhile the microwave irradiation power, extraction tiraad water added

after moisteningepresenthevariables or factorsf the design
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Table8. MAE conditions of all the 18 runs performed according to the CCD. The set of each single factor is reported both ad undedel variables

) Coded variables Uncoded variables
Run Point Microwave Extraction Microwave Extraction Added water
type* ] Added water . .
power time power (W/g) time (min) (%)
1 F -1 -1 -1 0.8 60.0 35.0
2 F +1 -1 -1 1.1 60.0 35.0
3 F -1 +1 -1 0.8 100.0 35.0
4 F +1 +1 -1 1.1 100.0 35.0
5 F -1 -1 +1 0.8 60.0 55.0
6 F +1 -1 +1 11 60.0 55.0
7 F -1 +1 +1 0.8 100.0 55.0
8 F +1 +1 +1 1.1 100.0 55.0
9 A -1.682 0 0 0.7 80.0 45.0
10 A +1.682 0 0 1.2 80.0 45.0
11 A 0 -1.682 0 0.95 46.4 45.0
12 A 0 +1.682 0 0.95 113.6 45.0
13 A 0 0 -1.682 0.95 80.0 28.2
14 A 0 0 +1.682 0.95 80.0 61.8
15 C 0 0 0 0.95 80.0 45.0
16 C 0 0 0 0.95 80.0 45.0
17 C 0 0 0 0.95 80.0 45.0
18 C 0 0 0 0.95 80.0 45.0

*This column definsif each experimental conditioepresents a Factorial (F), Axial (A) or Central (C) point.
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2.2.4GC-FID analysis

Quant i fi ciheney rMmyrcent, tekpinoleneE){c ar y o p h yhHurhuéenege , U
caryophyllene oxide and CBD mempEOswascarried outoy means of5C-FID through

an Agilent 6850 GC series. Analytical standards of the above compoundsongitgfrom
SigmaAldrich (Milan, Italy). HempEO was diluted6 pL in 594 uL ofanalytical grade-
hexane) and 0.5 €L injected i n seraturetwasnode (
300°C. The carrier gas was hydrogdariving from a generator PGH250 by DBS

Anal ytical I nstruments, Vigonza, l'taly. The
Thecolumn was a 5%phenytmethylpolysiloxane (HB, 30 m | . Q. 25 32m mfm ti
Agilent Technologies). The oven temperature wegtat 6 0 AC f oincre&edmi n, |
until 350AC at 25AC/ oompleteaumtine ¢f #5160 miri. he FIL. mi n
temperature waghermostattedat 360°C, and hydrogen and airVilo wer e 40 an
400 mL/ mi n, respectofthedbgve listddhmearkeq compotnela i c at i
achieved throughher calibration curvesbtained by the preparation efock standard

solutions at 7 different concentrations in the range 0964 mg/mL Correlation
coefficientswere betwee.9991and0 . 9 9 -®iBene, dndK)-b-ocimene were quantified

throught he cal i br at i o npineng whilelimandné and h&ndolefwere U
quantified byusingthe calibration curvef terpinolene.

2.2.5GC-MS analysis

Thedeterminatiorof EO chemical profiles was carried on an Agilent 6890N-R4S system
equipped with a 5973N single quadrupole detector @mdautosampler 7863 (Agilent,
Wilmington, DE). The capillary columnfor peaks separationwas coated with5%
phenylmethylpolysiloxanéHP-5MS,30 m | . x 0. 25 mm .Theaven, 0. 1
wassetat 60°C for 5 min, then ramp at 4°C/min up to 22086 finally at 11°C/min to
280°C, isothermal for 15 min. Injector addtector temperatureag280°C. The carrier gas
wasHelium He, 99.5%)with aflow of 1 mL/min.TheEOs were diluted 1:100 in analytieal
graden-hexane (Sigm#ldrich) and injected in sphimode (split ratio 1:50. The mass
spectra(MS) were gainedin full scan in the range 29400.0 umathroughthe electron
ionization (El) mode with an electron energy of 70 eV. For the assignohgraaks the
MSD ChemsStation(Agilent, Version G1701DA D.01.00) and the NIST Mass Spectral

Search Program weemployeal. The identification of the min components wasmadeby
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co-injection of authentic standard®y SigmaAldrich. In addition the temperature
programmed retention indices (Risgre calculate@ccording to Van den Dool and Kratz
(1963 formula:

YOwpmen pnawoefoe p 0E¢

where n is the carbon atoms of the alkane eluting before the paa#,it:1are the retention
times (RTs) of the alkanes eluting before and after the peaky entthé RT of the peak to
assign. Theconsistencyof Rl was overlapped with the MS matchibg means ofthe
ADAMS, NIST 17, FFNSC3 and WILEY275 libras€Adams, 2007EFFNSC3, 2015NIST

17, 2017. The relative content of peaks was determined by normalization of peak areas

withoutrecurring toresponse factors.

2.2.6CCD analysis

Model determination and analysis

For each respons&e multilinear regression through a full quadratic model was used to
analyseall the results of the 18 runs:

w I I Qo I I Jow

Where y is o lse thes pnordssdhe aofificient carregpondirfy to the
variables x( | i n e a rj aré thercoeffigients dssociated with the variablggxadratic

t er m) j asenttb coefficients associated with the variablegfisst-order interaction
terms).

The fitting d the full quadratic modebroducesa large set of explanatory variables (the
coefficientd, and the equation could suffer from some degree of multicollinearity, with
consequent biased parameters and sometimes with the wrong sign, and from poor prediction
ability (overfitting) (Chatterjeeand Simonoff2013. For these reasons, all the generated full
quadratic models were subjected tomedel reduction, namely ®ariable selection
procedurein order toincreasehe precision of the estimated coefficients of the retained
variables, minimize the mean square error and, more in general, satisfy the principle of
parsimony Chatterjee and Simonoff, 201Borster, 200D

The model reduction has beearried outby stepvise regression in backward elimination
mode. This proceduneerformeda sequence of fit beginning with the model containing all
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the predictors, and then iteratively removing the least useful prediktothe one with the
lowest pvalue,one by oneAmong all the sets afriginatedmodels, the best one has been
selected by evaluating the adjusted coefficient of multiple determinatiéaj),(Rhe
predicted coefficient of multiple determination?gRy), and the Mallows' Cp statistic
(Chatterjee and Simonoff, 2018linitab blog, 2013Zuccaro, 1992).

Then, ANOVA, coefficient and residual analysis were employed to evaluatsdieeted
models.

The model fitting, selection and analysiave been performedhroughthe Minitab 18

evaluation statistical software.

MAE optimization and model validation

Through he models developed asdicatedin the previous sectioit was possibleto
understand the relationships between the factors and englg sesponse and to map the
experimental domainThis information is sufficient to define the bestxperimental
conditions only for every single response. However, in the presence of more responses, as
in this case,the identification of the more suitalel operative conditions leading to
satisfactory results for all the responses at the same time (multiple responses optimization)
IS necessaryThe multiple responses optimization has besalizedby the desirability
method. For every single response, a partial desirability function @ming from 0
(completely unsatisfactory results) to 1 (completely satisfactory results) has been identified.
All the Dp are then combinatketermininghe geometriecneanthatrepresents the composite
desirability function D. Similarly, Drariedbetween O (at least one response is completely
unsatisfactory) and 1 (all the responses are completely satisfactory) (Lewis et al., 1999b;
Minitab 18 Support a2020.

To opimizeyield and CBD responses, a linear partial desirability funetioich maximizes

the responses has besglected setting the target values and the unacceptable limits as a
function of the possible results obtainable in the experimental domain.

Along with the optimized conditions, namely those with the highest D value, a further set of
conditionswith low D and consequently low performance has also been idenfifiese

two sets of variablewereindicated a3/1 and V2, respectively. The conditions ¥td V2

were experimentally applied during MA&nd theobtained EG/ield and CBDamountwere
determined as for all the runs of the CCD sequence. The experimental values of V1 and V2
were then compared witthe predictedones (predicted fit values and 95% prediction
interval) (Minitab 18 Support,[2020Q.
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Multiple responses optimization (desirability), as well as taé&ulation of the 95%
prediction intervals for a certain predicted value, weragetedusingMinitab 18software

The MAErunsV1 and V2 wereexecutedn triplicate.

2.2.7HD

For comparative purposesth respect ttMAE, the traditionaHD was arranged by inserting
500 g of dry inflorescencesto a 10 L flasKilled with 5 L of deionizedvaterandequipped
with amantle system Falc MA (Falc Instruments, Treviglio, ItaW occurred by means
of a glass Clevengdype apparatus for 240 mifhis extraction time wadecidedbasng
on previousstudies (Benelli et al., 2018a,b; Fiorini et al2019). The obtained EQ
characterized by density of 0.886 g/mL, wagcoveredn vials with PTFEsilicon septa
and stored at 4°C unfilirtheranalysis. Thé&O yield was determined as reported in s@att
223.

2.2.8Chiral GC-MS analysis

Theenantioselectivanalysis wasanductedusing the same G®IS systenreported above
(secton 2.2.5), equipped with m Agilent HP chiral 2® capillary column( {fzyclodextrin,

30 m . x 0.25 mm i.d., 0.25 um f.t.). The oven temperature seaas follows: intial
temperature of 50°Cincreasingto 220°C at 2°C/min then isotherm for 1 min. Inlet
temperature was 250°C, Wdthe MS quad and source temperatures were 150 and 250°C,
respectively. The carrier gas wids flowing at1 mL/min. TheEO was diluted 1:10@n n-
hexane anda volume of 1 pL was injectedwith 1:50 split ratio. The mass acquisition
parameters were set up as in EecR.2.5. The optically active isomers afpinene,b-
pinene, limoneneH)-caryophyllene and caryophyllene oxide were identifi@chparingRT

and RI (calculatedh relationto a mixture of G-Cso n-alkanes, Sigmaldrich) with those

of analytical standardsy SigmaAldrich, chromatographed under tlad&ove reportedsC
conditions Their relative content was determined by computing the peak area percentage.
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2.3 Results and discussion

In the currentstudy, the optimization of the extraction of hemp EO using the ETHOS X,
developedand patented by Milestone, was carried foutthe first time. Thigechnology
was ableo maximize the volatile terpenes and terpenoids extraction @anmabisplant,
keeping theCBD content in the fresh plant neaital (Milestone srl, 201p In fact this
methods powerful withfresh inflorescences. In this cases BOis devoid or contastraces

of cannabinoidsBenelli et al., 2018bBertoli et al., 2010iseppi et al., 2019). However, if
the plant matrix is dried before extraction, decarboxyileg reactionshappeningduring this
stage (Fiorini et al., 2019) may increabe recovery of cannabinoids, and tkin be
enhancedby the MAE process. On this basis, the operative conditions for MAE hemp
female inflorescences from the Italian eyiCarmagnola&CSwere optimized in this work

2.3.1DoE analysis

The analysis of MAE praurethrougha CCD approach requirds identify suitable
mathematical models able to describe how the extraction conditions (faafiest)the
measured responses( yield and concentration of bioactive compoundst)nThe best
models for each response g@resentedn Table9 alongwith the parametrs used for the
model selection, Rqj, R%reds and Mallows' Cp statistidNotably, only two responses could

be properly modeledyamelythe yield and the CBD concentration. For all the other cases,
the very low values of Ry and Rpredsuggest as all the tested models were completely
unsuitable. Irthe case otlpinene concentratioiit, was impossiblgo identify a model (all

the evaluated models possessed’ajRwer than 0.001). In all these cases, since both the
lack of fit and regession were not significantéble 9, it can be concluded that the response
variations among all the experimental runs can be mainly attributed to intrinsic variability.
On the othehand for theEO yield and CBD concentration, the modehsadequater(ct
significantlack of fit) and descrilmost of the variability observedignificantregression).

The identification of a suitable model for the yield and CBD concentration alows
understand the relationships between the factors and respamsaiso to maptheresponse
variation inside the experimental domain. The effect of each factor on a single response can
be easilyobservedn the main effect plotsHigure 14. For both responses, all the factors
work in the same direction, even if in a quantitative and qualitative different manner, with
microwave power and extraction tinmereasinghe EO yield and CBD content, while the

amount ofaddedwater acts in the omgsite direction. Itis worth highlighting that the
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microwave power and extraction tinsbowthe strongest effect, especially for the yield,
compared withithe addedvater. Thewhole effect of all variables together can be instead
visualizedusing surface pits Figure 19. These graphs weraade bysetting the value of
the less relevant factonamely the addedater, to the coded value of O (corresponding to
45% for the uncoded value). However, since only the linear terms are signiticahe
factor wate, a variation of the water amount would simpausea shift of the surface along
the z axis (i.e., that of the response), without any change authatureshape and intensity.
The surface plot for the yield-igure 15A presentsa low curvature andemarksas the
highest yield can bebtainedat high microwave irradiation power and long extraction times,
maintainingtheaddedwater percentage at the lowest le®#gardingCBD, the surface plot

is slightly more complex, due to thmeajor relevance othe quadratic term of microwave
power. In this case, the surfagegure 158 shows a more markedirvatureand the highest
concentrations were obtainbg long extraction times at moderately high irradiation power
(around 1.1 W/g). Also in this cagaewaterexertedthe same effect observed for the yield.
Regardinghow the single bioactive components in t@ are related to the yieldoE
analysisappearso suggest as an increase in the yield could be dusatsain the recovery

of CBD. Toconfirm this hypothesisa Pearson correlation analysis has b#@mebetween
the yield and the concentration of all the bioactive caimpsquantified by GGFID. As a
result,only CBD hal a moderate positive correlation with the yield, resulting in a statistically
significant (Rvalue of 0.0084) correlation coefficient of OFddure 1§. This may bealue to
the fact that the plant materiahs subjected tpartial evaporation of more voil@ monc

and sesquiterpenes during drying. Thhs,yield variation during the 18 experimental runs

waspartially because o& concomitanthange irthe CBD content.
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Table9. Evaluation of the model: coefficients of determination%{RR%pred, Mallows' Cp statistic and Anova results

Mal | o1 P-Value P-Value
2 2_ . 2
Response Best modet R RZaqj R? pred Cp Regressiof Lack of fit®

. Y=-0.0889 + 0.0902P + 0.087T -

0, *kk

Yield (%) 0.0008\h 0.0000157 0790 0726 0595 2.46 ns
UPinene (g/10@) None >0.001 >0.001 >0.001 / / /
b-Pinene ¢/100g) Y= 1.465 + 0.0.18W 0.094 0.037  >0.001 -4.97 ns ns
Myrcene(g/100g9) Y=-12.8 + 0.2T +0.045\%0.004TW 0.324 0.179 >0.001 -0.6 ns ns
Limonene(g/100g) Y= 2.44-1.146P +0.026W 0.275 0.178 >0.001 -1.7 ns ns
éf’c'”eo'e(g’ 100 = 0,533 + 0.000w 0173 0120  0.035 -5.05 ns ns
;frp'”o'e”e(gl 100 v- 63+0.09T+0.182W0.002TW 0399 0270  0.059 2.7 ns ns
(E)-Caryophyllene Y=-96.4+ 218.7P + 0,453T +0,4W
(g/100g) 1.357PT- 2.17PW + 0.017TW 0.622 0415 >0.001 4.60 ns ns
UHumuleneg(g/100  Y=-13.1+34.3P+0.3470,118Wi 0.379 0.188 >0.001 205 ns ns
q) 0.383PT
Cawyophylleneoxide Y= 13.1i 23P-0,176T-0.173W
(/2000) 1048 1PWE 0.005PW 0375 0.114  >0.001 3.34 ns ns
CBD (g/100g) Y=-224+575P +0040072WI 271 5701 0611 1.77 ook ns

26.8F

#The models are reported using uncoded coefficients

$The results of Rialue columns are reported as follows: $>8.05; * 0.059<0.01; ** 0.019<0.001; *** p<0.001.

The abbreviations in the models are as follows: P for microwave powfer,eéktraction time, W for water. The quadratic termsrapgesented by the
quadratic exponent (i.€T?%), whereashe interactions terms by the product of two linieams (.., TW).
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2.3.2MAE optimization and model validation

The yield and CBD content were optimiz#dhe same timesing the Desirability approach.

In both cases, the two responses were maximized, and the global desirability function was
plotted in Figire 17 The highstdesirabilities can b®oundusing microwae power values
around 1.1 W/g and extraction times of about 115 min, while for microwave power values
lower than 0.9 W/g and extraction timekorterthan 60 min the desirability was O,
confirming unacceptable low ressltfor yield and/or CBD concentratio For the model
validation two further extractions, V1 and V2, waten setting the MAE conditions in order

to obtain the highest and lowest desirability (D = 1 and O, respectively). The MAE
experimental conditions, the predicted values and the 95%vahtef predictions are
illustratedin Table 1Q The comparison between the predicted values arekfferimentally
obtainedones reported in ure 18 demonstrates the validity of the models in the
prediction of the performance ¢femp MAE. According tothe optimized process, the
highestEOYyield, and CBD content were 0.15+0.04 and 9.33+£0.69%, respectively.
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Desirability

Desirability

Figurel7. Surface plots of the desirability, showing the effect of power and time at a fixed level of watec§8ath,
value-1)

Table10. MAE experimental conditions, desirabilitiggedicted values and the 95% interval of predictions of the two
validation runs (V1 and V2) for the yield and CBD model

MAE conditions . 95%
) N Predicted .
Extraction _ ] Desirability Responst | interval of
Power (%)  Time (min)  Water (%) v prediction
Yield % 0.149  0.1120.186
V1 1.05 113.6 28.2 1
g)BD @100 1309  g651336
Yield % 0.082  0.0520.111
V2 0.85 65 50 0
g)BD @100 615 409691
020 ® 95% Interval of prediction from model 18
O Measured (mean + SD) 9]
QO
0.154 % + 12 3
9 B
2 ) =
= e
T 0.104 1 s 2
o D } 2
> Q
—
0.05- 4 @ |43
=
0.00 T T T 0

V1 V2 V1 v2
Validation trials

Figure18 Comparison between predicted and experimental results of the two validation runs V1 and V2. The predicted
results are reported as predicted value and 95% interval of prediction
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2.3.3Comparison of EO chemical profiles obtained by HD and MAE

Overall, both HD and MAE (V1 optimized sample) yielded similar amounEOsf namely

0.14 and 0.15%, respectively. However, MAE reduced the whole extraction time to only 115
min with respect t®40 minnecessaryor HD.

Tale 11describeshe chemical cmposition of theeOs producedrom hemp inflorescences
processed througilD and MAE. As concerning thebtained chemical profiles, no
qualitative differences weraotedin the two chromatograms as determined by-16&
(Figure 19. A total of 71 caoistituens were identified in the tw&Os, accounting for 91-0
92.0% of thewhole compositions. The main fraction of tHeOs wasrepresentedy
sesquiterpene hydrocarbons, followed by monoterpene hydrocarbons, cannabinoids,
oxygenated sesquiterpenes, and oxygematatbterpenes. Th&incipalcompoundsn both

EOs (in decrescent order of relative abundance) wredryophyllene, CBD*humulene,
Upinene, caryophyllene oxidand myrcene. These chemical profiles were qualitatively
overlapping, at least for the major terpemspidith those previouslyescribedby other
researcherfor the same and other hemp cultivaBeigelli et al., 2018&Bertoli et al., 2010;
Iseppi et al.2019).

It is worth noting the presencen both EOs of trace amounts of other cannabindiée
cannabidivarol, cannabicitra@BC, and THC.

When comparing the two extraction techniques using thé=BCquantification method,
MAE was more effective than HD in yielding higher amounts of CBD (9.3 vs 5.6%,
respectively) ad alsoof the main sesquiterpendéS){c ar y o p h y I-hureutere (46.5d U
vs 36.1%, and 18.8 vs 14.2%, respectively). On the daltsr the contentsof the main
monoterpenes were higher in the HD sampleyf@®Q. Therise ofthe CBD content in
MAE may be due to the superior energy penetration of microwavebat boost the
decarloxylative reactions into the plant matrironvering CBDA into the respective
alcoholic form. In addition, the high energy provided to the plaaternal alters the
quantitative ratio of terpeseby favouring the recovery of the highboiling point
sesquiterpenes over the low boilipgint monoterpenegsvhich can be lost during the MAE
processWe may assume that these differences could be given by the different configuration
of the extraction systems and/or wapdaint rdio.

The hempEOs obtainedrom both extraction techniques acbaracterized by complex
composition in whichphytocannabinoilike compoundssuch as(E)-caryophyllene and

CBD can be considered #s most important ones. In this respect, Mgdens to be more
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selectivefor CBD than HD. Notably, MAEenhancedhe recovery of CBD from the plant

with shorter extraction times and reduced costs related to energy and water consumption
(Filly et al., 2014) Sao, the obtainedchemical profile appears to be interesting siri€e (
caryophyllene, a dietary phytocannabinoid with a-nannabinoid structureansynergize

CBD action asindicatedby somestudies(Fine and Rosenfeld, 201Busso, 201)1 On the

otherside theotherfraction of hempEQO, madeup of monoterpene hydrocarbgrsich as

Upinene, myrcene and terpinolene and sesquiterpenoidslike Uhumulene and
caryophyllene oxide, may contributethe sec al | ed 06 e n inthefina graduce f f e c t
Consequentlythe potential applications of the CB&diriched hemiO should besvaluated

in futureinvestigations
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Table11. Chemical composition of hemp E©btained by HD and MAE

Relative peak area (%)

N Component RIP RILIT. ¢ IDd
HD MAE (V1)
1 2-heptanone 892 889 tre tr RI,LMS
2 heptanal 903 901 0.1 0.1 RI,LMS
3 5,5-dimethyt1-vinylbicyclo[2.1.1]hexane 914 920 0.1 0.2 RI,MS
4 a-thujene 921 924 tr Tr RI,MS
5 a-pinene 926 932 5.5 (12.7) 6.0 (10.1) Std
6 camphene 939 946 0.1 0.1 Std
7 sabinene 966 969 tr tr Std
8 b-pinene 968 974 1.6 (3.6) 1.5(2.3) Std
9 myrcene 989 988 6.1 (13.8) 5.0 (4.7) Std
10 a-phellandrene 1003 1002 0.1 0.1 Std
11 d-3-carene 1007 1008 0.1 tr Std
12 a-terpinene 1014 1014 0,1 0.1 Std
13 p-cymene 1021 1020 0.2 0.2 Std
14 limonene 1025 1024 2.1(4.6) 1.9 (1.8) Std
15 1,8-cineole 1026 1026 0.8 (1.9) 0.9 (0.7) Std
16 (2)-b-ocimene 1037 1032 tr tr Std
17 (E)-b-ocimene 1046 1044 0.4 (1.2) 0.3(0.8) Std
18 gterpinene 1055 1054 0.2 0.2 Std
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

40

cis-sabinene hydrate
terpinolene
p-cymenene
trans-sabinene hydrate
linalool

endafenchol
trans-pinene hydrate
trans-pinocarveol
borneol

terpinen4-ol
p-cymen8-ol
a-terpineol
a-ylangene
a-copaene
(2)-caryophyllene
(E)-caryophyllene
a-transbergamotene
a-guaiene
6,9-guaiadiene
a-humulene
allo-aromadendrene

(E)-b-farnesene

1063
1084
1086
1095
1100
1108
1115
1133
1160
1172
1183
1186
1363
1367
1397
1410
1431
1431
1436
1443
1450

1456

94

1065
1086
1089
1098
1095
1114
1119
1135
1165
1174
1179
1186
1373
1374
1408
1417
1432
1437
1442
1452
1458

1454

0.1
2.7 (5.2)
0.1
0.1
0.6
0.7
0.3
0.1
0.2
0.5
0.1
0.8
0.2
tr
0.2
22.5(36.1)
0.6
0.6
0.1
8.9 (14.2)
0.5

0.2

0.1
2.0 (1.0)
0.1
0.1
0.5
0.7
0.4
0.1
0.2
0.5
tr
0.9
0.1
tr
0.2
22.2 (46.5)
0.4
0.3
tr
9.1(18.8)
0.5

0.2

RI,MS
Std
RI,MS
RI,MS
Std
RI,MS
RI,MS
Std
Std
Std
RI,LMS
Std
RI,MS
RI,MS
RI,MS
Std
RI,LMS
RI,LMS
RI,LMS
Std
RI,LMS

Std



41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

g-muurolene
selina4,11-diene
b-selinene

valencene

a-selinene
a-bulnesene
d-amorphene
b-bisabolene
7-epta-selinene
d-cadinene
selina4(15),7(11)diene
selina3,7(11}diene
a-calacorene
(E)-a-bisabolene
(E)-nerolidol
caryophyllene oxide
humulene epoxide |
viridiflorol

humulene epoxide I
caryophylla4(12),8(13)dien-5a-ol
caryophylla4(12),8(13)dien-5b-ol

a-bisabolol

1469

1475

1475

1485

1485

1497

1499

1506

1506

1516

1524

1530

1534

1540

1562

1571

1587

1591

1597

1626

1632

1678

95

1478

1476

1489

1496

1498

1509

1511

1505

1520

1522

1544

1538

1544

1544

1561

1583

1587

1592

1608

1639

1639

1685

tr
0.7
2.2
0.6
1.8
0.8
tr
0.3
0.3
0.1
0.8
2.2
0.2
0.2
0.8
5.2 (6.6)
0.3
0.1
1.9
0.8
0.3

0.5

tr
0.8
2.2
0.7
1.7
0.8
tr
0.2
0.2
0.1
0.8
2.2
0.3
0.2
0.8
5.9 (6.8)
0.3
0.1
2.0
0.6
0.4

0.4

RI,MS
RI,MS
RI,MS
RI,MS
RI,MS
RI,MS
RI,MS
RI,LMS
RI,MS
RI,LMS
RI,MS
RI,MS
RI,MS
RI,MS
Std
Std
RI,MS
RI,MS
RI,MS
RI,LMS
RI,MS

Std



63 eudesmr(11)en4-ol 1684 1700 0.7 0.6 RI,MS

64 hexahydrofarnesyl acetone 1844 1845 0.3 0.4 RI,LMS
65 cannabidivarol 2209 2208 0.1 0.1 RI,MS
66 cannabicitran 2260 2261 0.2 0.2 RI,MS
67 cannabidiol 2420 2430 11.5(5.6) 14.5 (9.3) Std
68 cannabichromene 2442 2440 0.2 0.3 RI,MS
69 d-9-tetrahydrocannabinol 2535 2529 0.2 (0.1) 0.2 (0.1) RI,MS
70 n-heptacosane 2700 2700 tr tr Std
71 n-nonacosane 2900 2900 tr tr Std

Oil yield (%, wiw) 0.14 0.15

Total identified (%) 91.0 92.9

Grouped compounds (%)

Monoterpene hydrocarbons 19.4 17.8
Oxygenated monoterpenes 4.3 4.3
Sesquiterpene hydrocarbons 44.0 43.0
Oxygenated sesquiterpenes 10.6 11.0
Cannabinoids 12.2 16.3
Others 0.4 0.6

aQrder of elution is from an HBMS column.

b Linear retention index according to Van den Dool and Kratz (1963).

¢RI taken from ADAMS and/or NIST 17 and FFNSC3 libraries.

d|dentification method: Std, comparison with analytical standard; RI, coherence of the calculated Rl with those stored$) RI3AM 7 and FFNSC3
libraries MS, mass spectrum overlapping with those recorded in ADAMS, NISWILEY 275 and FFNSC3 librags.

€ Traces, relative % < 0.1.

f Quantitative values obtained at &D.

9 RI taken fromNagy et al. (2019)
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Figure 19. GEMS chromatograms of hentfOsby (A) HD and (B) MAE (V). Peak numbering refers to Talilé
CBD N Bl VAE

Caryophyllene ox — HD

a~Humulene

(E)-Caryophyllene

Terpinolene
1,8-Cineole
Limonene
Myrcene
R-Pinene
oa-Pinene

0 20 40 60
Concentration (g/100g)

Figure 20. Comparison between the marker compounds concentration in hemp EO obtained by HD and MAE V1
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2.3.4Enantiomer distribution of chiral components

In this work, we determinedor the first time theenantiomeridistribution and excess (EE)

of chiral constituents in hentpO obtained by HD and MABor assessings organoleptic
and chemicabiological properties.

The enant ipo me npmeng fimondne, H)-caryophylleneand caryophyllene
oxide werewell separatedwith a chiral column (HP20b ) in which cyclodextrins as
stationary phase are capable of separating dextrorotary (+) from levorytanaiitiomers
(Leghissa et al., 20183nd identified using GBS (Tablel2). Actually, the elutionorder

of Up i n e n epineneedantibmersvasin agreementvith that of a studyn which the
same chiral stationary phase wasployed(Dahmane et al., 2015). The optically active
compounds were present in both HD and MAGs; notably, the three monoterpenes were
detectedas enantiomeric pairs, Wh the two sesquiterpeneE)-caryophyllene and
caryophyllene oxide were preseamtly as tle (-)-enantiomer formThese outcomes were
consistent with the evidences from a recent work on EOs of several conifer species, where
(E)-caryophyllene and caryophyllene oxide were found only)asn@antiomers (Pavela et
al., 2021) Being bothEOs obtained from the same hemp cultivar, their trend in enantiomeric
distribution and EE was very similar as showi @ble 12 However, it is important to note
that in the MAE sample the EE Apiaese, theEgEher
increased m 84.74 (HD) to 90.17% (MAE), with the predominance of-UHginene
enant i onpmeng, the maremdnt was more accentuated,ficen 66.31 (HD) to
74.17% (MAE), with the prevalence of the {B-pinene enantiomer; for limonene, the
increasewas lower than that of the other two monoterpenes, ranging from 82.27 (HD) to
86.50% (MAE), with(+)-limonene being the most prevalent enantiomer. Therefor&@he
obtained with MAE showed the highest EE for the monoterpene fraction. It is maiitig

that the (He nant i o mandbspinemd showednore significantbiological activity,
especially antifungal and antimicrobialith respect tdhe ¢)-enantiomergda Silva et al.,
2012) and also(+)-limonene possessed more significant insecticidal activity than-Yhe (
enantiomer (Malacrino et al., 2018he enantiomers in the herig® have different aroma
descriptors.)-U-Pinenepossesses slightly minty scent, wite the (+) enantiomeownsa
pinelike odour, the (+}limonene has a citruslike note while the ¢)-limonene is
characterized by turpentind i k e spmené has a viooelyine smell (Bordiga and
Nollet, 2019). {)-(E)-caryphyllenepossessea weak woodyspicy odour(Gertsch, 2008).
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(-)-Caryophyllene oxide is the key commd responsible for marijuana and hashish
detection by police dogs (Stahl and Kunde, 1973).
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Table 2. Enantiomeric distribution of the major chiral components in hemp EOs by HD and MAE

HD MAE f

Enantiomer compound RT? RI P

% in EO °© Enant. % ¢ ee%*® % in EO °© Enant. % ¢ ee%*®
(-)-U-pinene 15.627 1022 0.97 7.63 0.33 4.92
(+)-U-pinene 15.964 1028 11.77 92.37 84.74 6.44 95.08 90.17
(+)-b-pinene 19.24 1081 3.02 83.15 66.31 1.81 87.09 74.17
(-)-b-pinene 19.50 1085 0.61 16.85 0.27 12.91
(+)-limonene 20.22 1097 4.15 91.14 82.27 2.48 93.25 86.50
(-)-limonene 20.52 1102 0.40 8.86 0.18 6.75
(-)-(E)-caryophyllene 44.74 1497 36.11 100.00 100.00 35.57 100.00 100.00
(-)-caryophyllene oxide 57.44 1740 6.57 100.00 100.00 3.94 100.00 100.00

aRetention time of the different enantiomers fromahk i r a | column (HP Chiral 20b) .

b Linear retention index calculated using a mixture-afkanes (GCsp).
¢ Absolute content of individual enantiomers in the oil; data fromKHZ analysis.
dRelative content of enantiomeric pairs.

€ Enantiomeric excess.

f Data refer to run 8 included in Tal8e
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2.4 Conclusions

Recently the global market of CBD and hemp derivatilias beemrontinuouslyspreading

with greatimportance fronseveral points of viey\namelyin economics, medicine, indusfry

and agricultureBy the way, asignificant increase in hemp cultivation afeas occurred
worldwide. In the USthe CBD market accounted for 200 min $ in 2017, and is expected to
expandfurther, with an inogaseof 2 min$ in 2020. Noteworthy, the European Uniwitl

become the largest world market for hemp derivatives, and several companies have invested
more than 500 min $ ithe production of sever&inds of products (The European Cannabis
Report,https://prohibitionpartners.comThe demandfor CBD hasencouragedhe search

for innovative,ecofriendly, and effective extractioprocessesin this rgard the large

amount of byproductgyenerated bitemp fibre processing and manufacturing may represent

a significantand cheap source for the production of valuable products such asi€@BD

EOs The latter may be appealing for the pharmaceutical, nutraceutical, cosmecantical
agrochental sectorsdue toits valuable bioactive constituents (Di Pierro, 20152 st r z Nb e
al., 2019;Lodzki et al., 2003Park et al., 2019; Russo, 208cuderi et al., 2008). Most of

them, such as CBD and terpenoids, are consideredasafédiave beeimcluded in the EU

dat abase on Afood flavouringso or i n that
outcomef the presenivork revealed that MAE is a valid, timand costsavingmethodto
producebioactive hemfEOs with high content of CBD and&)-caryophyllene. Notably, the

MAE operativeparametersplay akey role in enhancingthe CBD content into the final
product.lts potentialto be exploited in different commercial applications shoulexXpdored

in future studiesManufacturingCBD-enrichedEOs may represent an added valte
implemening the hemp production chain.
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3. Insecticidal and anti-inflammatory effectsof the essentialoils from
monoecious, male, and female hemp inflorescencesand their
encapsulation innanoemulsions

3.1Work i ntroduction and aim

Malariarepresents leading cause of death and morbidity in several poor couatoesd
the world In 2017 the World Health Organization (WHO) estimated 219 million cases of
malaria globally and 43600 related deaths. Around US$ Billion was invested in malaria
control and elimination efforts in the same y@AMHO, 201§. Malaria is transmitted by
infected female Anopheline mosquitoes, which inj@tasmodiumparasites into the
circulatory system causing multiple symptofisller et al., 2002 There are more than 400
described species &nophelesamongwhich about 40 are important vectors of human
malaria. Anopheles gambia&iles and AnophelesstephensListon are the main malaria
vectors in Africa and Asia, respective{idanafiBojd et al., 2012 In endemic areas,
synthetic pesticides have beemployedfor larval and adult mosquito control for decades
(Manimaran et al., 20)2Pyrethroids are the most usatsecticide, but their excessive
application is leadingo the development of insecticidesistancgChandre et al., 1999
moreover they are expensive for wsgeeadutilization in endemic countrieSedaghat et
al., 201). The need for sustainkmalaria control strategies and thereasingnsecticide
resistance arstimulatingthe search fonovel natural pesticides. In thiggard plantEOs
and their bioactiveompoundscanact asa promisingweapon against insect vectors and
have been identdd as effective larvicides witminor mosquito resistance issu@ssase et
al., 2005; Pavela et al., 201Moreover, thg biodegradaitity and lowcostmake them
interestingproductsto be used imalaria control program@Vongsrichanalagt al., 2002
Amongthe differentcrops available as industrial source€@f hemp has recentlyaineda
growing interesasapotentialbotanical insecticide. Indee@, sativainflorescencesecree¢
cannabinoids and volatile terpenas essential secwary metabolitesable tonaturaly
counteracphytophagous insec{®otter, 2008 In previousworks hemp EGhowedto be
effective against aphids, houseflies and ti@&esnelli et al., 2018a,b; Tabari et al., 2D2a
addition it demonstratedo be ecefriendly since no toxicity wasnducedon nontarget
organismslike earthworms and ladybirdBenelli et al., 2018p Notably, the possible
evolutionof hempEO-based insecticides wouldveseverabdvantagessuch as thkack of

similar products on the markehelow cost of raw materialthe availability of lands for
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plant cultivationworldwide, thegrowing requestor eccfriendly and safe productand the
possibility toexploit the final produstalso incosmetics and pharmadmals (Fiorini et al.,
2019.

Preclinical cell mode$ have beeremployed througlthe use ohuman keratinocytes and
dermal fibroblast$o assesthe safety and toxicity othechemical and planderived topical
insect repellents and insecticides. The skin responesrimusphysical stimuli througtthe
modulation of specific pathways. The epidermis is mainlyjnposedof keratinocytes
represenng the 95% of the epidermal cebsd having a recognizedle in thebeginning
and perpetuation of skin inflammatory and immunological respdiBsasni et al., 2012;
Hanel et al., 2013 Additionally, fibroblastsclosely interact with keratinocytes and are
implicatedin wound healing(Pastar et al., 2014 Keratinocytes, as well as fibroblasts,
releasenumerougro-inflammatory mediatorsnamelyinterleukinl beta (IL-1 beta), IL-6,
IL-8, tumour necrosis factor alpha (TNF alpha), under inflammation stimuli, and several
works havehighlighted that Etoposide (ETO) triggers cytokines production in human cell
linesin vitro (Darst et al., 2004&awagishi et al., 2001Consequentlythe principal aimof

this study was to verifthe potential application of EQbtained fromhempinflorescences

to manufactue mosquitocidal formulationslong with their safety profit®r operatorsFor

this purposefelina 32 and Carmagnola CS hemp varietiee selectedo obtainthe EOs
from fresh and dry material and from monoecious, male and female infloresteocegh
SDand HD, in order to verifghe eventual impact dfhe chemical profileyariability on the
biological propertiesThe potential toxic effects of tHeOs wereevaluded on larvae and
pupae ofAn. stephensand An. gambiaemosquitoes.Then the potential proor antk
inflammatory effect of hemp EOwas examinedin order toassesgheir safe use for
operators, byinvestigatingthe releaseof the proinflammatory cytokines in ETF@eated
human keratinocytes and fibroblast® the end a preliminary evaluationof their
encapsulationto nanoemulsions (NEs$jas beertarried outin order to reach aoncrete
application of hemp EOBy means of anoencapsulatignEOs poor physicochemical
stability, limited water solubility, high volatility, and thermal decompositican be
overcone (Turek and Stintzing, 20)3Sq, the possibility to encapsulate EOs and plant
extracts inside Hs assues stability and protection of emtituents an improvementof
biological activity, and amcreasedsolubility. For these reasons, the hemp EO NEs have

been successfullyreparedcharacterized, arelvaluatedn terms ofstability over time.
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3.2 Materials and methods

3.2.1Plant material

The monoecious inflorescences @ sativa cv Felina 32 (Assocanapa, National
Coordination for Canapiculture, Italy) wemltivated in Fiuminata (central Italy, N
43°11'11", E 12°56'24", 318 m a.s.l.) and collected at the end of July 2017. Female and male
inflorescences o€. sativacv CarmagnolaCS (Assocanapa), were harvested at first and
second half of September 20#®m another cultivation ofiuminata (central Italy, N
43°10'40", E 12°56'59", 451 m a.s.Prof. F. Maggi authenticatede rerbarium specimens

of the two cultivarsthat weredeposited at the Herbarium of the Centro Ricerche Floristiche
del | 6Appenni no ( APaRlaly, uBler the sodes ARP&7789lahdAAdR i |
60530. In both casethe plantbiomass was represented D20 cm compositenaterial

includinginflorescencedeaflets,and upper stems

3.2.2Reagents

Etoposide (ETO) wakoughtfrom Abcam(Milan, Italy) and diluted in sterilized water at
concentratiorof 50 mM.Each EO, prepared fromonoecious Felina 32 aficbm male and

femaleCarmagnolaCSinflorescencesvas used pure or diluted in DMSO for the analysis.

3.2.3Mosquitoes

An. gambiagG3 strain) andAn. stephengfListon strain) were reared in the insectary at
29°C +2 and 85% = 5 relative humidity, with photoperiod (12:12 ligatk). Adult insects
were maintained with 5% sucrose solution ad libitum, and adult females wererfezliea
blood for egglaying. Eggs were collected on wet filter paper for 48 h before hatching.

Larvae were kept in spring water and fed with commercial fish dadlg.

3.2.4Cell lines

An immortalized human keratinocyte cell line (HaChay Creative Bioaray, Shirley, NY,
USA) was cultured in DMEM supplemented with 10% fetal bovine serum (FBS), 2. mM L
gl ut ami ne, 100 1 U/ ml of penicillin, 100 ¢€g
1 mM sodium pyruvate (Lonzaad95% huditykPeirpary at 37
human stabilized fibroblast cell line (NHF AlRy ATCC, LGC Standards, Milan, Italy
was cultured in DMEM supplemented with 10% FBS, 2 milutamine, 100 IU/ml of
penicillin, 100 e€g of streptomyc imantainédonz a) ,
at 37°C with 5% C@and 95% humidity.
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3.2.58D

To get the EO2500 g ofcutfresh male inflorescences oaftnagnolaCS were subjected to
SD, byusingan Albrigi Luigi E0106 (Stallavena di Grezzawarona, Italy) stainless steel
deviceof 20 L capacityfor 4 h, with 2 L of distilled water at the bottom ofptodudng the
steam. Thisapparatusvas exdowedwith a steel Clevengeype apparatysand a glass
burette to collect th&O. After beingsepaated fromwater, the EO was collected in dark
vials closedwith PTFEsilicon septaandconservedt 4°C until analysisThe EO yield was

calculated on a dry weight basis.

3.2.6HD

HD was conducted ordried samples ofFelina 32 monoeciousnflorescences and
CarmagnoleCS female inflorescences. In both cases, 2000 g of plant materesoaked

in a 20 L glass flask with 11 L of wateneated by a mantle system Falc MA (Falc
Instruments, Treviglio, Italy) for 4 RheEOswere collectedy means of glass Clevenger
typeapparatusindkept in dark glass vials in the fridge before chemical characterization and

biologicaltests The yield was measured on a dry weight basis.

3.2.7GC-MS analysis

The chemical profile of hemp EOs was evaluated through an Agilent 6890MI=€ystem

coupled to a 5973N single quadrupole detector mass spectrometer. Separation was achieved
by a HR5MS capillary column (5% phenylmethylpolysiloxane, 30 m . x 0.25 mmQ.4.,

em f .t ., Agil ent) . The temperature program
4°C/min until 220°C, then 11°C/min to 280°C, maintained for 15 min, for a whole run time

of 65 min. The temperature of injector and detector was 280 °C. He weartiee gas, with

a flow rate of 1 mL/mipand a split ratio of 1:50 was used. Euoguisition othromatograms

wasin full scan in the range 29400.0 uma, using&l mode with a70 eVenergy Dilution

1100 of EOs inn-hexane was i nj ec@®CaMb system. Ehe MSDIi nt o
ChemStation (Agilent, Version G1701DA D.01.00) and the NIST Mass Spectral Search
Program weraised toanalysethe data. The identification of theain constituentswas
achieved by the correspondenceRdé andMS with those of ADAMS, NIST 17, FFNSC2

and WILEY 275 libraries. Furthermore, analytical standagdSigmaAldrich, Milan, Italy

were used foadditionalconfirmation. The relative peak area percersagere obtained by

area normalization without correctidactors(Quassinti et al., 2013)
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3.2.8Insecticidal tests

The larvicidal effect of thé&ceOs wasassessedccording to standard procedures by WHO

(WHO, 2005. Threehemp EOs frontelina 32 monoecious, Carmagnola CS femahel
Carmagnola CS male infloresueswere analysed To treatmosquitoesthe EOs were

dissolved in DMSO 1:10. Twendfive larvae L3 (third instastage) and twenitfive pupae

wereputin plastic cupsvith water. Treatment wa®alizedusing different dilutions of the

threeEQs preparations: 50, 75, 100 and 125 ppm. Control groups were préyaeding

pure breeding water or DMSO ( 2O0rotedaftej24 Mor t ¢

h. Three independent experiments were performed

3.2.9MTT assay

Three thousand cells per well were seeded HwOb plates. After one day of incubation,

hemp EOs and vehicles were added, and six replicates were done for each treatment. At the
indicated time point of 24 h, cell viability was investigg by adding 0.8 mg/ml of-@,5
dimethylthiazol2yl)-2,5 diphenyltetrazoliumbromide MTT (Sigma Aldrich) to the media.

The reaction was given by mitochondrial reductase that changed MTT (tetrazolium salt)
colour from yellow to purple, with the formatiaf formazan crystal. After 3 h, plates were
centrifuged, the supernatant wasmovedand the pellet of salt crystals was solubilized with

100 ¢l /well of DMSO. The absor b,ashakgromd t he
contrd, was measuredvith an ELISA reader microliter plateat 570 nm (BioTek
Instruments, Winooski, VT, USA).

3.2.10Geneexpressionanalysis by TagManarray

Total RNA was extractedsingthe RNeasy Mini Kit (Qiagen), and cDNA was synthesized

with the HighCapacity cDNA Archive Kit (Applied Biosystems, Foster CiGA, USA)
according to thenstructions of thenanufacturer. Quantitative retine polymerase chain
reactions (QRIPCR) werecarried outwith TagMan Array (Thermo Fisher) using the iQ5
Multicolor ReatTime PCR Detection System (B®ad, Hercules, CAUSA). The PCR
conditionswere 10 min at 95 °C followed by 40 cycles at 95 °C for 15 s and 60 °C for 40 s.
The relative amount of tget mMRNA was calculated by the®?Shethod, using GAPDH as

a housekeeping gene. All samples were assayed in triplicates in the same plate. Measurement
of GAPDH levels wagmployedio normalize mRNA contents, and target gene levels were
calculated by th@ ®?®hethod.
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3.2.11ELISA assay

The concentration of inflammatory cytokines released from HaCaT and NHF A12 cell lines
after treatment with ETO combined and not wigmp EOswasmeasuredn cell culture
supernatants of cells treated for 24Qytokineslevelswere evaluated in duplicate and in
two independent experimerttwoughELISA kit (Abcam).The concentrations ofytokines

were determinedoy plotting the OD values in the equationnegl obtained with standard,
according to the manufacturerdés protocol

3.2.12Alkaline comet assay

Cells were plated in 6 well plates (3 x*IlIs/well) one day before treatment exposure.
Semiconfluent cultures were treated for 24 h vidmp EO0.65 mgmL ) and 10
ETO. Cells treated with vehicle were included in all series. The Comet assagaliasd
under alkaline conditionaccording tothe ABCAM protocol. Briefly, after exposure to
treatments, the cells were resuspended ipHbsphate buffetksaline PBS and added to

75 L of mol t e-meltihgpdinh aQiros® getbiningaocell concentration

of 1x1@ cells/mL. The agarose was pipetted onto the Comet slides. Slideskepta
darknessat 4°C for 10 min before adding peéilled lysis buffer for 45 min at 4°C in the
dark. The slides were immersed in freshly prepared alkaline solution (0.25 M WNaBH

0. 1 &TW, pH I2.6) for 30 min at the same conditions. Slides were then removed and
washed twice with TBE buffer for 5 min. Gel electrophoresis was performed at 1 V/cm for
20 min (running amperagéd 3 mA with 25 cmdistance between the two electrodes). The
Cometslides were washed with 70% ethanol for 5 min andiiéédat room temperaturfer
1h,thenl1 00 eL of dil ut e d asplac&RntaEach érind agacoselcitcle.o n
The slides were then reéag usinga fluorescence microscope (LEIKA).

3.2.13Statistical Analysis

LCso values werefound by nonlinear regression using GraphPad Prism version 5.0
(GraphPadsoftware, San Diego, CA, USA). The grapbgardedhe mortality effect of the
EOs on larvae angupae ofAn. stephensand An. gambiae Datawere plotted using
STATISTICA software version 6.0 he correlation between the mortality and the EOs doses
was assessed using linear regression andlysiser Snedecor test) using GraphPad Prism
version 8.0 (GraphPad Software, San Diego, CA, U&ahcening MTT, RT-PCR, and

Elisa assay, the datapresent the mean and standard deviation lefaat two independent

experiments. The statistical ttestagdby ohavaya n c e
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ANOVA; *, # p < 0.01 orp < 0.05 (asreportedint he f i gureds | egends)

analysis wagarried outusing Prism 5.0a (Graph Pad).

3.2.14Preparation of EO-basedNEs

A high-energy method, precisely through a hjglessure homogenizer, was used to obtain
NEs. Briefly, different percentages (6%, 4% w/w) ledmpEO or a 6% (w/w) of a binary
mixture of EO and ethyl oleate (1:1 ratio) were added dropwise to a 4% (w/wjfattnt
(Tween 80) aqueousolution under higispeed stirringusing anUltraturrax T25 basic,
IKA® Werke GmbH & Co0.KG, StaufenGermany for 5 min at 9500 rpm. The obtained
emulsions were thehomogenizedby means ofa French Pressure Cell Press (Amemica
Instrument Company, AMINCO, MY, USAbr four cycles at30 MPapressure.

3.2.15NEs characterization

Formulations were visually inspected by a polarizing optical microscope (MT9000, Meiji
Techno Co Ltd., Chikumazawa, Miyoshi machi, Irugun, Saitama 360043, Japan)
endowed with 8-megapixelCMOS camera (Invenio 3S, DeltaPix, Denmark). Particle size
measurements weoarried outhroughthe dynamic light scattering (DLS) technique. DLS
analyses wer@erformedusing a Zetasizer nanoS (Malvern Instruments, Worcestershire,
UK) equipped witha backscattered lighd et e ct or w@.rl knL af sampdesvasl 7 3 U
inserted into disposable cuvettes andlysedh t  2fd@ldwidg a temperature equilibration

time of 180 s. The analysis was performed at different time pdndsy (t0), 1 month (t1),

3 months (t3), and 6 months (t6).
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3.3 Results and discussion

3.3.1Chemical composition ofhemp EOs

The three EOs from the monoecious Felina 32 and female and male inflorescences of
CarmagnolaCS showeda yield of 0.10, 0.15, and 0.07%, respectively. These values were
coherentwith those previouslypresentedy different author¢Benelli et al., 2018 Bertol

et al., 2010; Fiorini et al., 2019The hemp EO obtained from female inflorescanake
CarmagnolaCS had a higher yield than that ofale inflorescences, and this was in
agreement with the results INagy et al.(2019) The chemicacompositionsof the EOs
revealed1totally identified canstituentsaccounting for 97189.9% of the overalllemical
profile. The main compound group of Felina 32 and mal€armagnolaCS EOswas
represented by sesquiterpemgdrocarbons (52.1% and 67.7%, respectively), Wi (
caryophyllene (34.8% and 47.2%, respectivedyn d-hurtlene (11.4% and 15.1%,
respectively) as thenost representative onésigure 21). The monoterpenkydrocarbons
werethe second majdractionin these EOs (40.6% and 26.6%, respectivelyi), t -pineré
(15.1% and 8.0%, respectively) and myrcene (11.8% and 10.6%, respectively)rasrthe
componentsAs for Felina 32 EO, a previous work Biorini et al. (2019lemonstratethat
sesquiterpene hydrocarbofa]owed by monoterpene hydrocartsynvere the mainlasses

of volatiles characterizing thiscultivar. Consistently, the EOproduced from fresh
inflorescences of cv Felina 3%hich was studiedby Tabari et al., 2020showed E)-
caryophyl-pineneas tleepedorinantnstituents The EO obtained from the
female Carmagnola S displayeda different chemical profilewith the prealence of
monoterpene hydrocarbons (66.1%Re myrcene (24.3%), terpinolene 1 0 . 6 %)- , and
pinene (11.4%])Table 13. Here, thesesquiterpenes were minor amounts (26.4%) and
consisted ofE)-c ar yop hy | | e n-bumglen® (6.88%)shoalchbé notéthatthe
cannabinoicclasswas almosmissing with CBD at trace levels oabsentin the analysed
samplesin our samplesCBD was detected ifow amounts in Felina 32 arf@armagnola

CS female drynflorescence&0s(0.1 and 0.2%, respectively). $everabther works, such

as that byNovak and FranZ2003, relatively consistent rates BD (9.8 10.9%) were
detectedn C. sativaEOs. Other differencesereobservedn the balance ratiobetween the

two main hemp volatile fractions, namely monoterpeares sesquiterpenes, with thiest
onesbeingpredominant in the EO chemical profile obtained friemale infloresceces of
CarmagnolaCS, and theothersrepresenting the main fraction of tB€®s obtained from

monoecious Felina 32 ar@@armagnolaCS male inflorescenceBased on theseutcomes

109



it can beconcludel that the type ofvariety (e.g., monoeciousor dioecious),the plant
materialstatus(e.g., freshor dry), andthe extractionmethod(e.g.,SD or HD arepivotal

factorsaffectingthe chemical profile of hemp EO.

110



650000 A)

AS0000

pid

bl .Il.l. | llll -

500 1000 1500 2000 2500 3000 300 4000 4500 5000 5600 G000 6500

Trme->
n
B)

11
6

pu i L,

500 1000 1500 00 2500 3000 3500 4000 4500 5000 5500 6000 6500

1’

HEEEEER

2

14 29

L Ao 1l
500 1000 1500 000 2500 3000 3500 4000 4500 5000 5500 6000 6500

Tme>

Figure 21.GC-MS chromatograms of hemp EOs from monoecious Felina 32 (A), and female (B), and male (C) Carmagnola CS inflorescensebeRegkafers to Table 13
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Table 13.Chemical composition of hemp EOs from monoecious, male and female inflorescenelsao8E and Carmagnola CS

N Component RI Calc.P Rl lit® % Felina 32 % FemaleCS % Male CS
1 tricyclene 914 921 0.2

2 Uthujene 921 924 0.1 01

3 Upinene 926 932 15.1 114 8.0
4 camphene 939 946 0.2 0.2

5 sabinene 966 967 0.2

6 b-pinene 968 974 5.0 5.7 31
7 myrcene 989 988 11.8 24.3 10.6
8 Uphellandrene 1003 1002 0.4

9 t+3-carene 1008 1008 0.4

10 Uerpinene 1014 1014 0.1 0.3

11 limonene 1025 1024 6.0 6.7 4.1
12 (1,8)-cineole 1027 1026 35 14 16
13 (2)-b-ocimene 1037 1032 0.1 0.2

14 (E)-b-ocimene 1047 1044 0.8 2.3 0.3
15 o-terpinene 1056 1054 0.3 0.4 0.2
16 cis-sabinenehydrate 1064 1065 0.2

17 terpinolene 1085 1086 0.9 135 0.3
18 linalool 1101 1095 0.8

19 (2)-caryophyllene 1407 1408 0.3 0.6
20 (E)-caryophyllene 1409 1417 34.8 19.3 47.2
21 Utransbergamotene 1430 1432 1.0 0.5
22 U-humulene 1443 1452 11.4 6.4 15.1
23 allo-aromadendrene 1450 1458 0.6 0.8
24 (E)-b-farnesene 1456 1454 0.9

25 b-selinene 1476 1489 15 0.4 17
26 U-selinene 1485 1498 1.0 0.3 12
27 U-cadinene 1519 1522 0.1

28 selina3,7(11)diene 1531 1545 0.5 0.6
29 caryophyllene oxide 1571 1582 2.1 22 3.6
30 humulene epoxide II 1593 1608 0.4 0.5 0.5
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31 cannabidiol 2419 2430 0.1 0.2

total identified (%) 99.0 97.6 100
monoterpenehydrocarbons 40.6 66.1 26.6
oxygenated monoterpenes 3.7 2.2 1.6
sesquiterpene hydrocarbons 52.1 26.4 67.7
oxygenated sesquiterpenes 25 2.7 4.1
cannabinoids 0.1 0.2

2 Components were eluted from a43MS (30 m I., 0.25 mm i.d., 0.1 mm f.t.) colunfrLiner retention index, experimentally determined using a mixtgr€scof alkanes® Retention index
value taken from literature.
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3.3.2Toxicity of hemp EOson mosquito larvae andpupae

An. stephensand An. gambaidarvae and pupae were subjected to several dilutions of the
three hemp EOs produced by the monoecious Felina 32 and female and male Carmagnola
CS inflorescences, and the mortality wasluated after 24 h of treatment. The dose
response curves highlighted an insecticidal efté¢he three EOs on larvae and pupae of
An. stephengFigure 2) andAn. gambiagFigure23). Noactivity wasobservedvhen the
mosquitoes were exposed to pure breeding in water or DMSO (control graugssé
response effect was revealed in the insecticidal activity of the three EOs Arbastephensi
andAn. gambiaeln An. stephensmortality caused by hemp EO1#10 ppm was 82.7% and
100% for Felina 32, 90.2% and 94.2% for female Carmagnola CS, and 89.8% and 90.5% for
male Carmagnola CS on larvae and pupae, respectively. At the same concentration of 100
ppm, the mortality obtained ofn. gambiaavas 91.1% and 8499 in the case of Felina 32

EO, 91.6% and 79.6% for female Carmagnola CS EO, and 89.8% and 79.7% for male
Carmagnola CS EO on larvae and pupae, respecti&atyortality of 100% was registered
when the mosquitoes (L3 and pupae)ewtposed at theighestdilution of the three EOs.
LCsovaluesranged from73.50 to 78.80 ppm for larvae afdm 20.13 to 67.19 ppm for
pupae,in An. stephensand An. gambiagrespectively. Results for each E®idenceda

lower susceptibility ofarvae compared to pupae (Tatk). The EOs from hemparieties

have beennvestigatedas potential biopesticides in crop protectionfar the control of
mosquito and fly vector@avela et al., 2017l previous studies, hemp EOs halsplayed
toxicity against mosquitoes and sndBedini et al., 2016Thomas et al., 2000Dur studies
confirmedthe strong toxicity oFelina 32 and Carmagnola CS heBEPs against larvae and
pupae of the main malaria vectok®. stephensand An. gambiagin Asia and Afica,
respectively. The lower L{s of pupae compared to larvae coldd due to the tfierent
metabolic traits of these developmental stages of the mosquitoes. Ourpestdtithat the
investigatechemp EOs are highly active against both preadaties, with L& valuesunder

80 ppm which isan important thresholdalueto consider a natural produas a valuable
ingredient fobotanical insecticidefrmulatiors (Pavela, 2018). The LG values found in

this work are lower than the average ob#e of many EOsbtainedfrom other plants
(Mahnazet al., 2012)with the advantagef using an industrial waste produ€the mortality

of mosquitoesmay be determinedmainly by Upinene, myrcene, terpinolendE)-
caryophylle, andU-humulene, whiclwere presenin an abundantontentin theanalysed

hempEOs.In fact, myrceneand Upinene were among the masgjnificantconstituents of
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C. sativakEO studied byBedini et al. (2016)which wereeffective against the Asian tiger
mosquitoAedes albopictudn theworks by Benelli et al(2018h a), the toxicity of hemp
EOs on C. quinquefasciatusvas connectedto the presenceof U-pinene, myrcene,E)-
caryophyllene, and terpinolene as the majonstituents (E)-Caryophyllene andl-
humulene, the agor sesquiterpenes of hemp EO, have shoamsiderablenosquitocidal
and acaricidaéffects(Da Silva et al., 2015Yovak and Franz, 2003
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Figure 22. Doseresponse curve of insecticidal activity of the three EOArmrstephengireadults. Larvae (A) and pupae
(B) were exposed for 24 h to different dilutions of hemp EOs (50, 75, 100, and 125 ppm). The level of susceptibility of
both larvae ath pupae to the EOs was found to be statistically significant (as reported in figure)
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Figure 23. Dosieresponse curve of insecticidal activity of the three EOAmrgambiagreadults. Larvae (A) and
pupae (B) were exposed for 24 h to different dilutions of EOs (50, 75, 100, and 125 ppm). The level of suscep
both larvae and pupae to the EOs was found to be statistically significant (as reported in figure)
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Tahle 14. LCso values of the three studied EOs against larvae and pupae sfephensindAn. gambiae

Mosquito Species LCsc? LCsc?
Larvae Pupae
Felina 32 FemaleCS Male CS Felina 32 FemaleCS Male CS
An. stephensi 78.8 75.12 75.23 54.41 67.19 20.13
An. gambiae 73.5 75.54 75.04 50.06 4151 50.27

LCsois expressetéh ppm.

3.3.3Effect of hemp EOsin HaCaT and NHF A12 Cell Lines

The cytotoxic effect of hemp EOs (derived from male and female inflorescences of
Carmagnola CS) wastudied in HaCaT (human keratinocytes) and NHF A12 fibroblasts cell
lines by MTT assay (Figure 24Cells were treated for 24 h with different dilutions, from
1040 mg/mL to 0.163 mg/mL. The E®om male CarmagnolaCS exerted higher
cytotoxicity thanthe EO from female CarmagnolaCS. However, NHF A12 showed a
greater resistana@&igure 24). The IGo values for the EO from mal@armagnoleCS were

2.23 £0.0%nd 3.71 = 0.1 migiL, on HaCaTand NHF A12 cells, respectively, while for

the EO from femal€armagnolaCS, the 1Gso values were higher than 5.2 ing.. For a
further evaluabn of the potentialantrinflammatory effects of hemp EO$he ones
obtained from male and femaltdlorescencesf Carmagnola C®verefirst tested irboth

celllines,at0.65mg/mL.
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Figure 24. (A) HaCa®and (B) NHF A12 viability after treatment with different concentrations of EOs. Both ¢
lines were treated with different concentrations of male and female Carmagnola CS EOs, and cell viability
evaluated after 24 h pestatment. * < 0.05 vs vehile

Regarding the EOs effects on cell damage, the results showed that the two EOs did not cause
cellular damage and DNA fragmentation at 0.65 mg/m&tead, ETO, used at a cytotoxic
dose, demonstrated cell damage and DNA fragmentation. Therefore, the EOs at the

appropriate dilution did not lead to any damage to either cell line (Figure 25).
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Through the analysis of cytokine gene expression profites,nodulation of the main
proinflammatory genes in HaCaT and NHF A12 cell lines treated with the two EOs and their
combination with ETO, at 24 h pestatment, was evaluated (Figure 26). ETO, at low
dosesjnducedan inflammatory effectAccording to heresults the EOs did not modulate

the basal levels of thenalysedcytokines and the transcription factor ST8THowever,

both EOs weractivein reducing the ET@nduced inflammatory pathways.

A

HaCat VHC HaCaT male CS HaCaT female CS ETO 0.01 mM

0.65 mg mL? 0.65 mg mL?

NHF A12 male CS NHF A12 female CS ETO0.01 mM

NHF A12 VHC 0.65 mg mL* 0.65 mg mL?

Figure 25 Comet assay. (A) HaCaand (B) NHF A12 cell lines were treated with EOs from female and male Carmagnola
CS at 0.65 mg/mL and cell damage waslysedy Comet assay, 24 h pastatment. ETO was used as a positive control
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Figure 26. Transcriptional modulation of cytokirgemnes in HaCaT (A) and NHF A12 (B) cell lines. Cell
lines treated with hemp EOs from female and male Carmagnola CS (0.65 mg/mL) alone or in combin
with ETO (0.01 mM). Gene expression was represented as relative expresajmared to GAPDH. p <

0.05vs vehicle, # < 0.05 vs ETO

Cytokine levels irthe culture medium were evaluated in HaCaid NHF A12 cell lines
treated with the two EOs from male and female inflorescences of Carmagnola CS and their
combination with ETO, at 24 h peseatment (Figure 27)[he results evidenced that the

two hemp EOs did not modulate the basal levels ofytekines, but both were effective in
reducing the ETE&nduced inflammatory cytokines released in the culture medium.

To our knowledge, information on the airtflammatory effect of hemp EOs is very limited.
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On the other side, some authorar{§iovanni et al., 2019) found that CEdDriched extracts

can reduce It8 andNf-a Bpathways. However, in this study, it was confirmed that the-CBD
free hemp EOs did not stimulate but could revert an inflammatory condition, reducing the
release of the cykine induced by ETO, on skin cell lines, suggesting their safe use by
operators. Among the various hemp Bétectedcompounds (E)-caryophyllene and}
humulenehave beerdescribed aantrinflammatoryagentsin vivo through a reduction of
IL-16 and TNFUrelease. Thigffect was comparable to that of the positive control drug,

dexamethason@ernandes et al., 2007)
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Figure 27. Hemp EOs reduced @ inflammatory effect in HaCaT (A) and NHF A12 (B) cldfies. The
IL-1 beta, 1-6, and TNF protein levels were quantified in culture medium. Amourtdgtokines were
reported as pg/mL. p < 0.05 vs vehicle, # < 0.05vs ETO

3.3.4Preparation and characterization of hemp EO NEs

NEs are colloidal systenwdferingthe great advantage of being able to encapsulate a higher
amount of oil phaswith respecto similar nanosystemsuch asnicroemulsions. Moreover,

they needa very low amount of surfactant with a SOR (surfaétaihtratio) recorded
between 1 ath2,compared to that of microemulsiomgjichis generally higher than 2 (SOR

> 2). However, NEs arenergetically disadvantaged nanosystems; thus, an external energetic
input is necessaryor their formation. In this rgard to achieveEO NEs, samples we
subjected to a pressure B30 MPa, selected aftevaluatingdifferent operating pressure,
from 50 to 150 MPaAfter a preliminary screening using a model oil phase, the quantitative

composition of the Hs has beenchosenas follows: 6% (w/w) of the biphase was
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emulsified in the aqueous medium adding4% (w/w) of surfactant, Tween 80. However,
this composition was nauitable for the encapsulation of the EO from female inflorescences
of CarmagnolaCS; in fact, formulations A&nd A9hada high PDI (polydispersity index)
value at t0, indicating the polydispersity of #iee distribution, with a particle population
with a mean diameter higher than 500 #udditionally, after 1 month of storage, instability
phenomendjke creaming and pls@ separation, occurredtime samplesin this regard, the

EO amount waseducedto 4% (w/w) to obtain a stable monodispersed system, having a
mean diameter within 200 nm and a PDI value lower tharAtf®ough the reduction of the

oil phase led to sliglsystem improvement, samples A8B and ABRBealed their instability
between 1 and 2 months after their preparation, undergoing phase sepatemgethyl
oleatewas addegdbeing commonly used as an oily phase in such systems, to overcome
instability issues related to the physicochemical properties of the EO. In fact, ethyl oleate
demonstratedood solvent properties, making the oil phase more homogeneous by allowing
a better dispersion arehcapsulation of active ingredients. The minimuni &@yl oleate

ratio leading toa good dispersion @he EO in the oil phase was fixed at 1:1. Thus, keeping
the amount of oil phase constant at 6% (wAystems were composed of 3% EO, 3% ethyl
oleate, 4% Tween 80, and wat&amples A10 and A21 showed a monomodagé siz
distribution with a size in the nanometric ranigelow 200 nmthatis the limit established

by some authors for the definition of a nanosystem.

3.3.5Stability of hemp EO NEs

Sampls A10 and A21were characterized by awptimal stability at room temperature,
evaluated aseveraltime points, for a total storage period of six months.d&scribedn
Figure 28, the size of the oil dropleteemained almost unchanged, confirming the

thermodynamic stability of these systems. In particddf) possesseg-average and PDI

——A10|
—A21
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[+

T T T
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Figure 28. DLS traces of A10 and A21 N&ter a storage
period of six months
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values of 177.9 nm and 0.173, respectively, wARL has Zaverage andPDI values of
138.4 nm and 0.24%espectively.

Despite hemp EOs showed potential as ingredients of botanical insecticidesxtinesive
use should be restricted due to the poor physicochemical properties of EOs in general.
Indeed theyshow several limitationsjamelyhigh volatility, thermal decomposition, low
water solubility, and stabilityssues(Pavoni et al., 2019)in this regard nanotechnology
could support the exploitation of EOs through tlegicapsulation into stable formulations,
such as\Es, overcoming such limitatiorfRavoni et al., 2019b)in addition beingbiphasic
colloidal systems, NEs allow the dispersity of the EOs into an aqueous medighjs a
fundamentaproperty for a pesticid&a at the end othescreening on the quali/quatative
composition of theorepared hemp EOs based NB% of hemp EO was encapsulated into
ananoemulsified system &nsurets stability over time. Although sevenatbrks reported
an increasedbioavailability of EOs encapsulated into nanoformulatiaalitional research

about tke insecticidakffectiveness of hemp E@ased NEss required.
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3.4Conclusions

In the present workthe potential application of the EOs obtained from indudgheahp as
mosquitocidal agentsvas investigatedThe three tested EOsleriving from different
cultivars and plant partexpressee@fficacy in killing the two malaria vectordn. gambiae
andAn. stephensiThe LGo valuesregisteredn this study are, on average, lower than those
of many plant EOs, with the advantageeaiployinganindustrial waste product. Notably,
this workemphasizedhat the male inflorescengeavhich areusuallydiscarded during the
industrial hemp processingpight be a sustainable source of larvicidablecules The
bioactivity detectedn the larvicidal assays may be entirdlyeto the terpenoid fraction of
the EOs since cannabinsigverealmostmissing In addition the toxicological assays and
Cometassaysvidencedhe safety of the hemp EOs at certain doses on human cell lines,
while the gene expression analysaong with the ELISA test demonstratedheir antt
inflammatory potential and safety profiléor the first time This result mayead to new
possibilities for theiseof hemp EOs in pharmaceuticalsd cosmeceuticals. For this reason,
stable nanoemulsions wepeeparedo assurebetter watedispersity and chemical stability
over timeas well as teedu@the highvolatility of EOs, making themeadyto-use products

to be furtherstudiedas larvicidal and aninflammatory agents.
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4. Green extraction of hemp using microwave method to recover three
valuable fractions (essential oil, phenolic compounds and
cannabinoids): a central composite design optimization study

4.1 Work introduction and aim

Industrial or fiber hemp is adeal ecofriendly cropfor sustainable agricultut@&maducci

et al., 2008 Currently, it is employed on an industrial level to mdacturetextiles, paper,
food, cosmeticsdrugs green building, biofuels, and bioplastida these last years, the
previously unseehemp and CBDmarketincrementrepresents a great opportunity for the
stakehol@rs involved in the production chain to explok top's full potential in terms of
production and development of new produetpeciallyfom a pharmaceutical perspective
Hemp EO fits into this context aa promisingitem with multifacetedapplications in the
pharmaceuticals, nutraceuticals, cosmetasq pest sciencgRossi et al.,, 2020 The
composition ofhemp EO, consisting mainly ofmonoterpenessesquiterpenesand little
amounts ohonpsychotropic cannabinoidsanvary depending nthe crop variety, the part
used (leavesr inflorescences), the harvest period, the state of the processed material (fresh
or dried), and the extraction denology (conventional distillationor more advanced
method$, making its chemical profilaighly flexible according to the final destination of
this product(Fiorini et al., 2019; Fiorini et al., 2020Recently, moresophisticated
techniques for the extraction of EOscluding MAE, have beennvestigatedo maximize
thar recovery and modulatther chemical profiles MAE relies on the water heating
generated by microwaves into the vacuole of plant citermining thevolatilization of
low-boiling point compoundsthat can then beollectedthrough a condenser apparatus
(Lucchesi et al., 20@). Notably, MAE is significantly more effective than conventional
HD, resulting inhigher orcomparableg/ields withshorterextraction times anlbwer energy

and water consumptigi€hemat et al., 2033

During MAE of hempmateria) two main byproductsremaininto the reactgrnamely the
aqueous residygvhich is expected toontainwater soluble constituents such as flavonoids
(Gunj evi | )eand the deterper2a@®nip biomassthat @uld be a source of
phytocannabinoidddowever, to date, the utilization of thesefmpducts generated from a
single step MAE procedure has not been implemented since research on their potential
appears to bemited. Consequentlytheaim of the presenstudywas to optimize MAE in

order toproducehigh qualityEO, aqueous extract rich in polyphenols, aesidual biomass
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as a source gsghytocannabinoidith potential application iseveraindustriedike food,
cosmetics, nutraceuticals, and pharmaceuticals. The effectheddpplied extraction
conditions have been evaluated througl€@D approach. This statistical tooan be
employedto rationalize the work and objectively evaluate the resultarglysng the
variableshaving an impact othe process at the same time. Tgagametergnicrowave
irradiation power (MP), extraction time (ET), and added water into the reactor (W%) have
beenidentified as thecrucial ones fothe process andepresent the topiof this study.The
qualitative and quantitative composition of thietainedthree fractions werassessetly
GC-FID, GC-MS, and highperformance liquid chromatograpkyode array detectiomass
spectrometry (HPLEDAD-MS) techniquesMoreover the total phenolic and flavonoid
content, and the,2-diphenytl-picrylhydrazyl (DPPH radical scavenger activity of the
agueougesidue extracts wermvaluatedoy spectrophotometriassaysFinally, due to the
fact that hemp products are poorly known for th@atential application in metabolic
disorders such as obesity and diaheties inhibitory enzyme properties of the extracts
obtainedthroughthe MAE optimized conditions weresimatedo n -gllitosidase, lipase,

and xanthine oxidase, and for advanced glycation end products (AGE) formation inhibition.
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4.2 Material and methods

4.2 .1Plant material

The monoecious inflorescences ©f sativacv Futura 75 wereultivated in afield of
Fiuminata (central l'taly, 43A10Nj40NjNj N, 12/
three weeks of August 2020. The codex CAME#27834 was fosdbe archiviabn of a

voucher specimen in thelerbarium Camerinensi®f the School of Biosciences and
Veterinary Medicine, University of Camerino, Italy. The samplese represented B0

30 cm inflorescences with leaves and upper stérhs. sampling process was cangf

carried out in order to guarantee the samples uniformity in terfltsn@rs, leavesind stems

quantity The fresh hemp samples weaeadily frozen at- 20°C after beingreceived and

stored until use.

4.2.2Water content determination of frozenhemp

The moisture content wasvaluatedon threesamples of Futura 75 frozen inflorescences
randomly collected (about 2.5 g each), after being heated at 10a&Cthermo balance
(Scaltec SMO 01, Scaltec instruments GmbH, Heiligenst@dtmany). Thebiomass

average moisture conteamtcounted for1.3% + 0.8.

4.2.3MAE

The MAE to obtain EO wagerformedthrough the advanced microwave extraction system
Milestone ETHOS X (Milestone, Italy). The apparatosisistecbf a microwave reactor of
2.45 GHz, with an nfrared sensor monitoring the temperature, and two magnetrons
deliveringa total maximunpower of 1800 W. All the extractiorunswere carried ouat
atmospheric pressutesing aPyrexglass reactoof 5 L capacitysealedwith a glass cover.

The system wasndowedwith astainless stedllevengeitype apparatus above theactor,
(6Fragr-apcle,s amrd a GChLOO0S, peidedlsy tabtech sriHSoksOle,
Bergamo, lItaly), maintagd the condensationtemperatue at 8°C. Eighteen different
experiments weregealized through the variation othe operative conditions, namely
microwave irradiation power (MP, W/g), extraction time (ET, mamd water addetb the
hempin the reacto(W%), as reported in sech 4.2.4. The EOwas separated from the
aqueousayer,and thercollected in glass vialslosedwith PTFEsilicone septa ankieptat

4°C untilthefollowing analysis After the processtwo otherproducts have been collected
from the reactgrnamelyaqueous rédue and deterpenated biomass. The aqueous residue
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wasrecoveredmmediately after MAE, filtereavith filter paper, and stored aR0°Cbefore
analysis on the other hand, tldeterpenatetliomassn the reactor was collected and dried
at 60°Cin aBiosecdesiccator (Tauro Essiccatori, Vanzo Nuovo, Vicenza, Italy) for around
24 h, until no weight loss wa®gistered andfinally it was stored in the dark at room

temperatureRigure 29.

Microwave Assisted Extraction
v,

L=

>
Design of Experiments (DoE)

Figure 29 Pictureof the three products obtainbg MAE (i.e., EO, aqueous residue and residual deterpenated biomass)

4.2.4DoE

A CCD wasemployedo evaluate the effect of the MAE extraction conditions (MP, ET, and
W09%) on the yield and features of all the obtained prajutmely EO, aqueous residue,
anddeterpenatetliomass. The designcluded eighteeexperimental runs, composeti2®
factorial points ifdicatedby the coded variabled or 1), 2*3 axial pointsiidicatedby the
coded variablesl.682 or +1.682)andfour replications of the central poininflicatedby

the coded variable @).ewis et al., 199a). Theselectionof this composite design allowed
to define a spherical experimental domaahong with spherical $sovariance lines on the
surface (rotatability), als@nsuing uniform precision within the experimental domain
(Lewis et al., 1998).
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All the experimental runs and their operative conditionsrepertedin Table 5. All the
extraction runsvere carried out bprocessind. kg of the moist matrix (the relative amount
of fresh plant and watethangedrom run to run according to the parameter W% in Table
15). The MPranged betweefl.7and1.5 W/g to obtain a maximum stlute value of 1.77
W/g (axial points at +1.682), which, ftarkgof processeg@roduct, corresporatito 1770 W,

a value close t@800 W, representinghe highest limit of th@pparatusThe duration of the
extraction process (parameter ET) was seingasn the results obur previousstudy on
MAE (Fiorini et al., 202D,

From each extraction run three different products were obtainearé2§):

1) EO, evaluated in terms of:
- Yield

EO yield (%) =(weight of EO (g))/ (weight

- Content of volatile main copoundgg/100 g of EO)guantifiedby GGFID as
described in the saoh 4.2.5

2) Lyophilized aqueous extract (AE) (siect4.2.6), evaluatedn terms of:

- Yield

AE yield (mg/100g)=(weight diyophilizedaqueousesidugmg))/(weight of fresh biomass
(g))A100

Total polyphenol content (determinediadicatedin the sedbn 4.2.6);

Total flavonoid content (determined iaslicatedin the sedbn 4.2.6);

Antioxidant activity (determined asdicatedin the seabn 4.2.6);
3) Residual biomass hexane extract (HE), evaluated in terms of:

- Concentration of the main phytocannabind@BD (g/100 g of dry biomass),

determined amdicatedin the sedbn 4.2.7
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Table 15. Experimental conditions both in uncoded eoded variables of the 18 runs carried out according to the screening design. In the final columns also the absalfitetealue
microwave power applied, and the amount of water and plant added in the microwave reactor are reported

RuN Codedvariables Uncoded variables Absolute values
MP BT w (v’\\A//Fc;) (rﬁ%) W (%) MP (W) ac\i/\dlzger(g) e Q@
1 -1 -1 -1 0.7 80 13 700 130 870
2 1 -1 -1 15 80 13 1500 130 870
3 -1 1 -1 0.7 140 13 700 130 870
4 1 1 -1 1.5 140 13 1500 130 870
5 -1 -1 1 0.7 80 50 700 500 500
6 1 -1 1 1.5 80 50 1500 500 500
7 -1 1 1 0.7 140 50 700 500 500
8 1 1 1 1.5 140 50 1500 500 500
9 -1.68 0 0 0.43 110 315 427 315 685
10 1.68 0 0 1.77 110 315 1773 315 685
11 0 -1.68 0 1.1 59.5 315 1100 315 685
12 0 1.68 0 1.1 1605 315 1100 315 685
13 0 0 -1.68 1.1 110 0.4 1100 4 996
14 0 0 1.68 1.1 110 62.6 1100 626 374
15 0 0 0 1.1 110 315 1100 315 685
16 0 0 0 1.1 110 315 1100 315 685
17 0 0 0 1.1 110 315 1100 315 685
18 0 0 0 1.1 110 315 1100 315 685
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4.2 .5Analysis of EOs

Density determination

The density of theighteenEOs producedoy MAE wascalculatedat 20°Cwith a digital
density meteendowed withan oscillating Utube (DA-100M, Metler Toledo). The obtained
averagedensity value was 0.883 g/mL + 0.002.

GC-FID analysis

Eleven EO compounds  n a npeil nye -pugene, nfiyrcene, limonene, icBheole, E)-b-

ocimene, terpinoleneEf-c a r y o p h-hWimulene, earyopbyllene oxidend CBD were
guantifiedin the EOs by G&-ID equipmentThar analytical standardsere purchased from
SigmaAldrich (Milan, Italy) and weremployedo build the calibration curves in the range

from 0.005to 10 mg/mL.Beforetheanalysis 6 €L of hemp EOs were
n-hexane LEMS) and 0.5 €L i nj entotaeAdilent 6850sGClith t mo d ¢
an HR5 coated capillary column (HP , 30 m | ., 0.32 mm i.d.,
Technolaies). The injector temperature was 300°C, and hydrogerpveakiced with a

generator PGH250 (DBS Analytical Instruments, Vigonza, Italg¥the carrier gas. The

gas flow wasat 3.7 mL/min. Thevholerun time was 15.60 minn particular the GC oven
tenmperature was held at 60°C for 3 min, themwas raised to 350°C at 25°C/min and
maintainedor 1 min.FID temperature was 360°C, with a hydrogen and air flow of 40 and

400 mL/min, respectively.
GC-MS analysis

The EOs chemical compositiovas qualitatively analysed by usiag Agilent 6890N GE
MS system coupled with a 5973N single quadrupole detector and 3aatB@ésampler
(Agilent, Wilmington, DE USA), along with a capillary HR5MS column (5%
phenylmethylpolysiloxane, 30 m ., 0.25 mm i.d., 0.1 um f.t., Agilent).Gdemtemperature
was held at 60°C for 5 min, theaisedat 4°C/min till 220°Candfinally at 11°C/min to
280°C.In addition,1 mL/minwas he flow rate of the carrier gas He (99.5%ier dilution
1:100in LC-MS n-hexane, the EOs were injecteith an electron energy of 70 aN split-
mode. The identification of the EOs majoonstituentswas made by cmjection of
analytical standards, wh the other compoundswere found bythe comparison oRlIs and
MS to those reported ieliterature(Adams, 2007; FFNSC 2, 2012; NIST 17, 2p17
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4.2.6Analysis of lyophilizedaqueous extract (AE)

Sample treatment

The frozen samples were drieatil constant weightvith a BUCHI LyovapoE L-200
freezed r y er (B¢chi Labortechni k AG, FI awi |,
pressureand 10°C shelf temperatuteThen, dried samps weremilled with a mortar and
pestle toobtaina fine brownish powdelSealed ded powders weratored at 4°C until

analysis.
Total polyphenol content(TPC)

The FolinCiocalteu method described Mustafa et al. (2016)as usedo evaluate theotal
polyphenol content (TPC), with some modificatiod$ mL of aqueous extract solutiofis
mg/mL), inserted intest tubesalong with 2.5 mL of Foliri Ciocalteu reagent solution
(diluted 10 times in water) and 7 mL of 7.5%.8&%» solution were mixed. Therthe
reaction mixture was kept in the ddidk 2 hat room temperature asdmpleabsorptiorwas
measured spectrophotometrically at 735 with a Cary 8454 UWVis spectrophotometer
(Agilent Technologies, Woburn, Massachusetts, USAg calibration curveof gallic acid
was constructed and usedquantifyTPC in the AE. The obtained results wpreducedas
the average of twmeasurementnd the TPC was expressed as mg of gallat eguivalents
(GAE) per 100 g of dry extract (DE).

Total flavonoid content (TFC)

The TFC wasassesseaccording toChen et al.(2018) with slight changes0.5 mL of
agueous extract solutiofs mg/mL) werecombinedwith 0.15 mL of NaNQ@ (0.5 M), then

3.2 mL of 30%VeOHand 0.15 mL of 0.3 M AIGI6H20 were added with shaking. After 5
min, 1 mL of 1 M NaOH wasdncluded Then the absorbancef the mixed solutiorwas
recorded at 506 nm against the blank reagent using-&is/'¢pectrophotonter (Agilent
Technologies, Cary 8454, Woburn, Massachusetts, UB¥#)calibration curvef rutinwas
madewith a range otoncentrations (162000 ppm) under the same conditions. The TFC
wasreportedas mg of rutin equivalents (RE) per 100 g of driedastt(DE) by performing

the analysesn duplicate.
Antioxidant activity

The antioxidant activity of AE wasveluatedspectrophotometrically againBtPPH free
radicalas follows(Mustafa et al., 2016).5 mL of AE aqueous solutismvere mixed with
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4.5 mL of 0.1 mM DPPHdissolved in ethanoAfter incubaton of the mixtureor 30 min
at room temperature in the dark, the DPPH color disappearance wgesteres
spectrophotometrically (Agilent, Cary 8454 bXis) at 517 nmA calibration curvewas
constructedyy usingTrolox as the reference antioxidant, and the results welieatedas
mg of Trolox equivalents (TEperkg of dried extract (DE). Experiments wecarried out
in duplicate.

4.2.7Analysisof residual biomass hexane extradHE)

Samplepre-treatment and extraction

The residual biomass samples from the 18 extraction runs tneated and extracted
according tothe THC determination procedurgy the European Unior{(European
Commission, 201)7 Briefly, after drying, the stems and seeds bigger than 2 mm were
discardedwhile the remaining material was redut¢edsize lower than 1.0 mtroughan
electric mill MFC (IKA-Werk, Staufen, Germany). Then, 100 mg of dry hemp powder were
mixed with 5mL of analytical grade-hexane (Sigm&ldrich, Milan, Italy), and extracted

for 20 minat room temperaturesingan ultrasound bath (A220, Argo Lab, Carpi, Italy).
After 10 min of centrifugation at 5000 rpm, the supernatdid) (vas separated and dried
with MgSQu.

GC-FID analysis of HE

CBD was quantifiedin HE from residual biomasg compliance withthe European
Commission(European Commission, 2007 Br i ef | y, 0.5 L of samp
GC-FID apparatusndanalysedollowing the same procedufer the EOs (sectiod.2.5).

The same analysis has been perform@dcomparative purposesn the frestbiomass not

processed througMAE.

4.2.8DoE analysis

The results of each single response for all the 18 runs of the CCDanalgsedby

multilinear regression using a full quadratic model:
W f B I o B I o B I ow

Where y i s o se thes pnomdssdhe aobificient carredpondirfy to the
variables x( | i n e a rj are the coeffigients dssociated with the variablggxadratic
t er m) j agenthee coefficients associated with the vagab) (first-order interaction
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terms). All the full quadratic models were then subjected to a variable selection procedure
(model reduction) to improve the precision of the estimated coefficients of the retained
variables, minimize the mean square errat,generally satisfy the principle of parsimony
(Chatterjee and Simonoff, 2013; Forster, 2000e model reduction proceassperformed

by using thestepwise regression operating in backward elimination mdte adjusted
coefficient of multiple determmation (Raq), the predicted coefficient of multiple
determination (Ryed and the Mallows' Cp statistic wemsedasthe parameters &electthe

best model among athe obtainedonesfrom the stepwise regressidhatterjee and
Simonoff, 2013. Variance ANOVA), coefficient, and residual anabgswereemployedto
evaluate all the final model®linitab 18 evaluation statistical softwamas used tperform

the model fitting, reduction, selection, and analysis.

4.2 9MAE optimization and validation

All the models defined from the DoE analysis wengployedo optimize the MAE process,
namely,to identify the besbperativeconditions able to provide satisfactory results for all
the selected responses for the three obtained products (E@QnAEE) at the same time.
The multiple responses optimization wperformed throughthe desirability technique
(Candioti et al., 2014t ewis et al., 1999). The partial desirability functiorDp aimed to
maximize the responses waslectedfor all the responses. The composite desirability
function D wasestimatedhs the geometric mean of all the Dp for all the combinations of the
three studied parametersnamely MP, ET, and W%. Dvaries between 0 (at least one
response is completely unsatisfactory) and 1 (all the responses are completely satisfactory).
A surface map of D waonstructecénd used to identify the regions where D was the Bighe
andclosest to 1. Two different sets of experimental conditions (V1 and V2) were identified,
and the predicted responsdeng withtheir 95% prediction intervalsyere measuredrhe

runs V1 and V2 wereealized and the obtained resultserecomparedvith the desirability

predictions.

4.2.10Characterization of products from the MAE optimized runs

The EO, AE and HE deriving from V1 and V2 MAE runs (optimized runs) were
characterized for all the parameters used for DoEi(weet.2.4-4.2.7).
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LC-DAD-MS" analysis of AE and HE

The AE and HE from the best extraction (V1) were furtheuatedising an HPLEDAD-

MS" apparatusBriefly, samples were weighed and extracted (20 mg¥teDH) for 10 min

using an ultrasound batfThey were centrifuged at 13000 rpm for 15 min, and the
supernatants weranalysed The LGMS" systemwas an Agilent 1260 quaternary pump
coupled to both 1260 Agilent DAD and a Varian MS 500 Mass spectrometer equipped with
Electrospray (ESI) ion source. A SyneRplarRP 80A column (100 x 4.6 mm,#n) was

usedas a stationary phas&.mixture of 1% formic acid in water (A) and acetonitrile (B)
representedhe mobile phase; the gradienasvthe following one0 min, 5% B; 30 min,

100% B; 32 min, 100% B; 32.5 mi®% B; 34 min, 5% B. The flow rate wast at0.4

puL/min. Injection volume was 10 pL, and the temperature 83GC. The datacollection
throughDAD was madea n t he @& -64@nmgMS dath weke@Equiredthe m/z

range of 10200Q both in positive and negative ion mode. The fragmentation pattern of the
most intense ion species wesachedusing the turbo data depending on the scanning
(TDDS) function.The MS parameters were set as follows: needle voltage, 4.9 kV; shield
vol tage, 600 V,; capillary voltage, 80 V; R
(nitrogen); drying gas pressur e, 15 psi; dr
compounds waschievedby comparison with the literature and reference compouinds
available. For compoundgjuantification, rutin, quercetin, chlorogenic acid, CBDgd an

CBDA were used. Standard solutiomeparatiorin the concentration rangelD0 pg/mL

was made tobuild the calibration curves.Limit of detection (LOD) and limit of
guanti ficati on ( L ORD,respectively, forCBBan@BDA.L 0. 09 ¢ g

Biological assays of AE and HE

AE and HE from Vl1best extractionwere analysedfor biological activities through
enzymatic and noenzymatic assay(sglucosidase, AGEs, lipase and superoxide radicals
inhibition).

The capacity of h-glungsidesexwasvauateds 406 mrina 96tvellb i t U
microplate readefKazeem et al., 2013Each well contained 50 pL of sample and 100 pL

of theenzyme (1 U/mL) solved in the buffer (12.5 mM2N®Qs, 3.3 mM NaHPQs; pH =

6.9). After 10 min of incubation at room temperature, 50 pL of pNPG (3 mM) were added
and incubated &7°C for 15 min, then absorbanwas readAcarbose wasmployedas the

positive control.
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The nonrenzymatic inhibition of AGEs formation by the hemp extracts AE and HE was
evaluatedn 96 black wellplatesby fluorescence (Spinola and Castilho, 2017pb&tiret al.,
2014) 50 boline gefum albuminBSA) solution (10 mgnL ) , 80 ¢eL of C
phosphate buffer (containing sodium azide3/;pMH = 7. 4), 50 eL of fru
M) a n d of 8&athplesektracts (serial dilutions) were mixed. After inculpefor 24 h at
37°C, plates weranalysedat an excitation wavelength of 355 nm and emission wavelength
of 460 nm. Aminoguanidine (AMG), an experimental drug used in the treatment of diabetes
wasemployedas the positive control.
The capacity of extracts to inhibit lipase wassesseth 96 well plates. 40 pL of extract
solution (serial dilutions) were mixed with 40 pL of enzyme (2.3mhgn 0.1 M phosphate
buffer, pH = 7.0) previously cemfiugated at 2000 rpm for 7 min, and 20 pL of substrate
solution (10 mMp-nitrophenylbutyrate p-NPB). After incubation for 10 min at 37°C,
absorbance was read at 405, amndOrlistat was used as the positive control.
The xanthine/xanthine oxidase assay was perfoforetie measurement tfe capacity of
AE and HE to scavenge superoxide radi¢8lsinola et al., 20180 uM xanthine, 16 mM
NaCOs, and 22.8 pMnitro bluetetrazolium(NBT) were dissolved in a phosphdteu er 1 8
mM (pH = 7) for atotal volume of 240 pL. Then, 30 pL of sample and 30 pL of xanthine
oxidase (168 (L) were added ttet the reactiorstart The mixture was incubated for 2 min
at 37°C. Absorbance wasomitoredat 560 nm, and the activity of h@nextracts was
evaluatedy the transformation of NBT to the blue chromogen dye by the superoxide radical
o).
The inhibition for each assay waseasuredhroughthe following formula,using either
absorbance or fluorescemnealue,depending on the procedure:

Inhibition (%) = [(Valugontroi- Valuesampid/Valueontro] x 100
For eachtest the IGo value was calculatelly nortlinear regression (Prism version 5.0,
GraphPad Inc., San Diego, CA, USA).
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4 .3 Results and discussion

The presentvork haspresentedor the first time the application of statistical tools for the
study and optimization of the variables involved in M&E of fresh hemp inflorescences.
All the obtainableproducts, namely the EO, the ABnd the HEcould be industrially
exploited as valable sourceof tempenes, polyphenaland phytocannabinoids, respectively
This study paved the way for the-sgtof an extractiomprocess with almostowaste, where
each of the obtaineatoductsrepresents preciousresource.

4.3.1Analysis of EOs

The EO vyield obtaineddy MAE was 0.412% w/w = 0.124. Thenean quantitative
composition of the E@rom the 18 runsvasobtainedoy GGFID analysisand isrepresented
in Figure 30 along with the chromatogram showing the chemical profile of the EOrfrom
No 8.The detailed qualitative composition of EOs from runs No 1, 8, anchi®acterized
by GGMS analysisis reported inTable 16 The multiple regression (DoE analysis) of yields
and cortentof EO castituentsgenerated reliable mathematical modetattwere able to
describe the responsesrrectly) only for a limited number of responsesmelythe yield
and the cocentrationof CBD, terpinolene, myrcene, limonene, and-dijfg&ole. All these
responses were characterized by a significant regressicamaiaq;> 0.58. For all the other
responses, the modalgl notfit the experimental datim a satisfactory wayasconfirmed
by values of Ryj< 0.5 and, in some cases, by a statisticadlysignificant regression (as
for (E)-b-ocimene J-humulene, )-caryophyllene, and caryophyllene oxide).

The models obtained by multiple regression and their evaluation parametdesenibed

in Table 17 Only the responseseasonably welfitted were describedinterestingly, the
goodness of how the responses are modelled is consistent with data from a pvevikous
(Fiorini et al., 2020) In the latter, the CCD wastilized to study the relevance of MAE
experimental parameters on EO obtained from dry hempasisatiemonstratinghat only
the yield and the concentration of a limited number of vokadile sensitive to the extraction
parametersThe two responses better described by the models, naneelyeld and CBD
content(R%gj> 0.72 andP-Value of regression < 0.001), attepictedin Figure 31through
the responses surface plots. In both cases, the two resparsaesaximized by high values
of MP, while the ET was a statistically significant parameter only for the CBD amount.
These resudt arequalitativelycomparable to those obtainkdforeduring the MAEof EO
from dry hemp biomag@-iorini et al., 2020)highlightingthat the experimental parameters

MP and ET act in the same way independently by the hemp storage treatment (drying or
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freezing). Howevemotablequantitativedifferences can bseen In fact, the mean yield of
EO from fresh hempvasaround 4 times higher than those previously obtained from dry
samples using the same experimental approach. This result is not surpmisgnsincrease
of EO vyield of around B times has been previousiydicatedcomparing fresh and dry
materialsubjected tdHD (Fiorini et al., 2019and MAE (Micalizzi et al., 2021) Another
key point to beunderlinedis the absolute value of the yield @mparison with those
obtained in other studies carried out with MAE on fresh samples. In the presdnthe
average yield of all the runs was 0.41% + 0.12, remarkably higher than those reported by
Gunjevic et al(2021)(0.16:0.24%)and Micalizzi et & (2021)(0.11-0.27%).Considering
that part ofthesedifferencesmay be due tothe differenthemp varietiescompared, the
reasonsfor such relevant differences cabe explained by theapplied experimental
conditions. In fact, if the MP used in thesportsis determineds in this study, specifically
the power applied for g of processed product (hevith water), the applied maximum
power would result in 0.20.29 W/g and 0.75 W/g for the two studieentioned above
respectively. Here, all the 18ms were carried out using a MdetweerD.43and1.77 W/g,
and the multiple regression modélaple 17 clearly indicatd thatthe EO yield strongly
depenédontheMP. According to the model developed hretcurrenstudy, a yieldf 0.1-
0.3% (the rangeeported in the literature) can be obtained at\WReslower than 0.60.8
W/g (as a function oET), that are those effectively applied the other authorgJunjevic

et al., 2021; Micalizzi et al., 2021)

The average amount of CBD in the EOsgaantifiedby GGFID analysis, was 2.24 + 1.32
g/100 g with a maximum value of 4.76 g/100 g at high MP and long ET (run No 8). In this
casethe comparison with literature data for EOs from dry héRigrini et al.,2020)gives
oppositeresultsregardingthe yield,in fact, operating with fresh samplegould providea
higherquantityof EO butlower CBD content. Again, this reswdgreedvith previous reports
both for HD(Fiorini et al., 2019and MAE (Micalizzi et al., 2021)and could be explained
by partial evaporation of the more volatile terpenes during saprgleeatment(e.g.,
drying, grinding and storage).

Regardingthe absolute values of CBD, the literature comparisajuite complexdue b
significant differences in thapplied analytical procedures. However, when data were
acquired similarly and reported as the concentration in the EO, the generalsesmiés] to

be similar (Micalizzi et al., 2021) althoughthe resultsfrom the latterresearchersvere
obtained using milder conditions (lower Méhd shorter ET)ith respecto those ofthe

present study.
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Figure 30. A) Qualitative chemical profile of EO (run No 8) obtaineGRyFID analysis and B) average quantitative
composition of the E@btained bythe 18 MAE runs carried out according to CCD

136



Table 16. Chemical composition of heia@®s produced during MAE runs No 1, 8, and 10

RI
N°  Component RIP lit. © Relative peak area (%) IDd
MAE
run 1 run 8 run 10
5,5-dimethyt1-
1 vinylbicyclo[2.1.1]hexane 919 920 0.3 0.2 0.2 RI,MS
2 a-thujene 927 924 0.1 tre 0.1 RI,MS
3 a-pinene 933 932 21.8 19.5 20.6 Std
4 camphene 948 946 0.2 0.2 0.2 Std
5 b-pinene 976 974 5.6 5.2 5.6 Std
6 myrcene 992 988 17.6 16.7 16.8 Std
7 a-phellandrene 1004 1002 0.2 0.2 0.3 Std
8 U-3-carene 1010 1008 0.6 0.6 1.0 Std
9 a-terpinene 1017 1014 0.1 0.1 0.2 Std
10 p-cymene 1025 1020 0.2 0.2 0.2 Std
11 limonene 1029 1024 2.3 1.8 2.1 Std
12 1,8-cineole 1031 1026 0.2 0.1 0.1 Std
13 (2)-b-ocimene 1039 1032 0.3 0.3 0.3 Std
14 (E)-b-ocimene 1049 1044 4.0 4.3 4.2 Std
15 gterpinene 1059 1054 0.1 0.1 0.2 Std
16  terpinolene 1088 1086 8.2 8.9 12.4 Std
17 (E)-caryophyllene 1421 1417 21.9 22.0 21.0 Std
18 a-trans-bergamotene 1437 1432 1.8 1.7 1.4 RI,MS
19 a-humulene 1455 1452 6.6 6.9 6.4 Std
20 (E)-b-farnesene 1458 1454 15 1.4 1.1 Std
21 allo-aromadendrene 1463 1458 0.7 0.8 0.5 RI,MS
22  selina4,11-diene 1486 1476 0.2 0.2 0.1 RI,LMS
23 b-selinene 1488 1489 0.9 1.0 0.6 RI,MS
24 a-selinene 1497 1498 0.8 0.9 0.5 RI,MS
25 U-cadinene 1526 1522 0.1 0.1 RI,MS
26  selina4(15),7(11)diene 1537 1544 0.5 0.3 0.2 RI,MS
27  selina3,7(11)diene 1544 1538 1.1 0.8 0.6 RI,MS
28 caryophyllene oxide 1586 1583 1.3 3.2 15 Std
29 humulene epoxide Il 1612 1608 0.2 0.7 0.2 RI,MS
30 cannabidiol 2430 2430 tr 0.5 0.2 Std
31 cannabichromene 2438 2440 tr tr RI,MS
Total identified (%) 99.2 99.1 98.8

aQrder of elution by an HBMS column (30m x 0.25 mm, 0.1 pm).

b Linear retention index according to Van den Dool and Kratz (1963).

¢RI from ADAMS and/or NIST 17 and FFNSC3 libraries.

d|dentification method: Std, comparison with analytical standard; RI, coherence of the calculated RI with those reported
in ADAMS, NIST 17 and FFNSCS3 libraries. MS, mass spectrum overlapping with those recorded in ADAMS, NIST 17,
WILEY 275 and FFNSCa3 libraries.

e Traces, relative %<0.1.

137



Table17. Best mathematical models for some of the responses anewthlgiation parameters: coefficients of determinatios&nd Rpred, Mallows' Cp statistic and ANOVA resultB{
values of regression and lack of fit). The responses reported in this table are exclusively those having a ssagisificaliy regressiorP¢Value regr < 0.05) and an adjusted multiple
regression coefficient higher than 0.5

P- P-
Product Response Best modél R? RZag R%pred M Sa CI: I Value Value
p rege LOF®
. y=-0.347 + 1008 MP + 0001
yield (ml/Kg) ET- 0339 MP 0.776 0.728 0.253 0.82 rhx ns
mvrcene y= 24.46-10.85MR0.146ET-
( /y100 ) 0.070W +0.001E%-0.084MP*ET  0.765 0.583 0.004 7.13 * ns
S -0.087MP*W + 0.002 ET*W
limonene y=5.196-2.304MR0.036ET
(/100 g) +0.020W +1.0800MP- 0.823 0.658 0.214 8.53 * ns
EO S 0.015MP*W
1,8-cineole y=1.838 +0.071MM.017ET- -
(9/100 g) 0.009W-0.004 MP*W 0.805 0.689 0.169 5.81 ns
terpinolene  y=3.83-7.96MP+0.139ET +5.05 -
(9/100 g) MP2 -0.036 MP*ET 0.804 0.716 0.652 5.65 ns
CBD (g/100  y=-4.016 +3.218MP + 0.020ET e
9 +0.013W 0.828 0.788 0.692 0.43 ns
Yield y=-534 + 904MP + 20.58W o
(Mg/100 g) 485MP 0.892 0.870 0.779 0.29 ns
TPC (mg y=82.9 + 11.35MR0.141ET .
GAE/g ac) +1.357W 0.016W 0.667 0.546 0.359 1.34 ns
AE TFC (mg y=123.6 + 6.42MP1.525ET
rutin eq./g +0.567W +0.005E%F0.010W+ 0.854 0.757 0.451 4.56 *x ns
AE) 0.005ET*W
DPPH (mg
y=-29.5 + 140MP +0.099ET
Teic/)é_i;( +0.217Wi 55.9MP 0.748 0.657 0.389 1.61 ** ns

CBD None of the tested models is able to describe the CBD amount in the biomass residi
HE (9/100g) function of the experimental conditions applied during MAE (for all the tested models
9 9 regression was not statistically significant)

aEQ, essential oil; AE, lyoplized aqueous extract; HE, residual biomass hexane extract.
b The models are reported using the coefficients calculated from the uncoded variables.
¢ The results oP-value columns are reported as follows: 8 =0.05; * 0.05 <P < 0.01; ** 0.01 <P < 0.001; *** P < 0.001
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Figure 31. Surface plots for the yield (%) and the CBD concentration. The plots show the effeardET keeping
constant the added water at the coded level of O (the added water was never a relevant parameter for yield (%) and the
CBD amount)

4.3.2Analysis of AE

Yield, TPC, TFC and antioxidant activity

One of the waste products of MAE is represented byadjueous residyeesultingmainly

from the added water for the MAE processl the moisture of thfeesh biomass (the water
content of free hemp was 71.3 £ 0.8%) cBording topreviousstudies, thisqueous residue
should be richin valuablewatersoluble compundssuch as polypheno(sDr i ni | et al
Mat egi | eThe PoE analysig Wagrtidd oubn the process yield, TPEdTFC,

and DPPH radical scavenging activity. All the four responses welledescribed by the
models (Rag > 0.54 and regressiowasalways statistically significant). The models and
their evaluation parameters are repoiltedable 17 while the graphical representation of
the modelghroughthe surface plotis givenin Figure 32

Thedescription of the AByield by the modeilvas veryadequateresultingin beingalmost
completely dependent on the W%. When this wader10%, the modepredicteda yield

equal to 0, which ign accordancevith the results of runslo 10 and 13, where naqueous
residue(and consequently no AE) was obtained. Notably, both runs were characterized by
low and very lowamountsof W%, respectively. Similar results were found for the TFC
(W% is the main parameter), even if, in this case, the Ef ismportantfactor as wellOn

the other handthe DPPH results depended mainly on the MP parameter, while the TPC,
despite being significantly affected in a statistically significant manner by all the investigated
factors, was characterized by a low variability, whiglobably explans the poorer
regression performanadth respect tahe other AE responsegdble 173. A comparison of
these results with the literature appears difficult. In @thoughtherearetwo other studies

onthe DoE analysis of microwasassisted liquid eraction of antioxidant compounds from
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cannabig Dr i ni | et al ., 2 ;héeOwerelbausee gnitHe extractiomdf . , 2
antioxidants by means of organic solvemtghout recovering the E@nd consequentigre

not relevant to the results frothis work. For instanceTPCresults byD r i et &l.(2020)
areintherangeof 08. 7 mg GAE/ mL, t h203l§ntlefangelaf®® gi | a
mg GAE/giry biomass Whilethe ones othis study are in the range of 925 mg GAE/ge. The

TPC results of the presewbrk can only be compared with that of Gunjevic et(2021)

who used a similar procedure although for a single samvpieh is a major limitationThey

obtained a value of 5Bg GAE/gyophiiized extract Which is about half of the average value

found in our study, accounting f&09.5 + 9.3 mg GAE/g). According to the regression

model obtainedor TPC, avalue of around 50 mg GAE/gphilized extractCan beobtaired

operatingat very low MP, which is compatible with the power vati€®.21 W/g,applied

by Gunjevic et al(2021)
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Figure 32. Surface plots showing the effect of the two most relevant parameters on the AE yield, TPC, TFC and antioxidant
capacity. In each graph, the not reported experimental parameter was always not statistically significant and, when present
in the moels, it was kept constant at the coded level of 0
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4.3.3Analysisof residual biomass

CBD contentin HE

Theobtainedesidual biomass was the remaining material after MAE of the EO and removal
of the aqueous residue. This residual biomass could represent a valuable source of
phytocannabinoids, since MAE of BE@duceghe content of this fraction only in a marginal

way Gunjevic et al. (2021)while the aqueous residue is mainly composed of hydrophilic
compound{ Dr i ni I et al ., 2. .0N@WBuning\atheaasidubl biemassa | . |,
samples wasotedduring the 18 MAE runsmeaningthat all the different experimerta
conditions applied during the CCD do nodmpletely lead towvater evaporation with
consequentlguicktemperaturéncrementtemperature above 100°C), sample burnamgl

organic compounds degradation.

After the 18 extraction runs the average amount of CBDrstilidedin the residual biomass

was equal to 2.35 + 0.47 g/10@yGiomass The initial CBD amount (in no MAHreated
samples) was 3.10 £ 0.25 g/10, gomass Therefore, the amount of CBBIkavailable after

MAE was 75.84% + 15.01 relative to its amount prior to MAE.

The multiple regression of CBD amount in the residual biomass was not statistically
significant, namely no relationships can biglentified between the CBD in the residual
biomass and the MABperativeparameters. This result could be due to several factors, such
as an effective absence of any relationships between response and parameters, the use of
inadequate mathematical models, or an excessive variability of the reseltgaridbility
between the repeated runs (from No 15 to 18) and the others was comparable (values of
coefficient of variation of 19.28% v47.03%) (Figire 33. So the issues in multiple
regression of CB@ppearo be related to the intrinsic variability 6BD in the samples.
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Figure 33. Comparison between the CBD concentration in the residual biomass
unreplicated runs (from No 1 to 13) and the replicated runs (from No 15 to 18)
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4.3.40ptimization and validation of MAE process

The optimization process waserformed onlyon the responses that can be efficiently
modelled, andvhich are considered relevant for the quality of the whole MAE process,
namelythe EO yield and CBD content, and théE vyield, TPC, TFC and antioxidant
efficacy. All these responses varied in a different manner as a function of the experimental
parametersAs anexample, the yield and CBD amount in the EO werenthtencedby the
amount of the W%, while they could be maximized operadtrtggh MP.On the otheside

the AE yield required high W% while the MPdisplayedno effect at all.

A general overview of how the experimental parameters maximize all the six responses at
the same time can be obtained, mapping the variation of D (tapesirability) as a
function of the MP, ETand W%. Sincdhere arethree independent and one dependent
variables, the W% wamaintainedconstaniat a fixedlevel of 62, 55, 48, 41, 34, and 27%
(panes A-F inFigure 34 to obtain a 3D surface map. The surface prapentedwo distinct
areaswith a desirability higher than 0, meaning that all the considered responses were all
together over the minimum level of acceptabiliptably, the two areas had their maximum

at ahighlevel of W% (> 48%) and tended to lowandto disappeawith the decrease ofi¢

W%. This behaviouras a function of the water was mainly related to the yield oftiAd,

was strongly affected by the amount of W%. The two areas were both located at
medium/highMP values, but they differeish the length of the extraction process. From the
analysis of the partial desirability function (Dp), the biggest ,ackeracterized by
medium/high MP and long E&llowed to satisfactorily maximize all the responses with the
exception of TPC (Dp around 0.3), while the smaller zahenedium/high MP and short

ET, ensuregoor performances in terms of TFC &BD contenin the EQ(Dp araind 0.2

and 0.1 for TFC and CBD, respectively). The presence of two separate areas videre D
higher than @ould be explained bthe uncommorbehaviourof TFC, which showed two
maxima at long and short EFigure 33.

The model validation wasarried outby running two further extractions, V1 and V2,
selecting the experimental parameters as those assuring peaks in the two different areas
where D was higher than 0. Notably, thendh can be identified ake optimized gtraction

since it possesses the highest D value among all the possibl&@loaegplied experimental
conditions, the D values, the predicted values, and the 95% interval of predictions are
presentedh Table18. The results obtained in the validation swmerecloseto the predicted

142



ones and always within the limit of 95% interval of predictiBiggre 35, confirmingthe
reliability of the model obtained with the DoE analysis.
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Figure34. 3D surface map depicting the variation of D (composite desirability) as a function of tHeTyEhd W%. The W% was kept constant at a fixed level of 62, 55, 48, 41, 34 and 27%
(panels AF, respectively)

144



Table18. Applied experimental conditions,JValues, predicted values, and 95% interval of predictions of the validation runs V1 and V2

MAE conditions

N . . 95%
Validation i Composite Predicted .
run Microwave Extraction  aqged water  gesirabilit Responses ' ., interval of
time €s Yy € dict
power (W/g) (min) (%) prediction
EO yield 0.55 0.380.72
EO CBD 4.7 3.1-:6.3
AE vyield 870 547-1194
Vi 1.5 160.5 55.4 0.68
AE TPC 109 93127
AE TFC 73 5392
AE DPPH 83 61-105
EOvyield 0.48 0.320.63
EO CBD 3.2 1.64.7
Va 15 79.2 60.6 0.42 AE yield 978 6471309
AE TPC 118 101-136
AE TFC 68 51-85
AE DPPH 76 54-97
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Figure 35 Comparison of the results obtained from the runs V1 and V2 against the desirability predicted values

4.3.5LC-DAD-MS" analysis of AE and HE

The run V1 represented the optimized extraction using the d@d¢ed developed method
having the highest D value. In order to support a possitdigstrialapplication of AE and
HE deriving from this best extractiprma comprehensive HPL-DAD-MS" analysis wa
carried out.

Bioactive compoundsidentity wasassessethroughreference compounds and literature
data, furthermoreannotation of other derivatives was obtaifgdcomparison obur data
with literature as indicated ifable 19and Table 20which contain the HPLOAD-MS"
analysis results for Aland HE, respectivelyThe totalcontentof flavonoids and other
phenolic derivatives IAE sample was 78.38 and 8.87 mg/g, respectivi$y/previously

indicated luteolin-glucuronide (n/z461) and apigentglucuronide /z445) were the most
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significant compounds (André et al., 202Qther apigenin and luteolin derivatives were
alsofound along with gallocatechinyhichwere all present iremarkableemounts. HPLE

MS" in positive ion mode wasmployedo evaluate the presence of cannabinoids. In the AE
only CBD wasquantified while other cannabinoids were below the limit of detection. The
amount of CBD was 0.85 mg/g. &lhesultshowedhat AE obtainedby the optimized MAE
conditions could be a source of bioactive phenolic constituents, notably glycosidic flavones,
with phytocannabinoids being almasissing(Table 19) The abundance of these bioactive
compounds may exain thesignificantvalues obtained in terms of TPC (99 + 8.9 mg GAE/g
Ag), TFC (78 £ 4.7 mg rutin eq./g), and DPPH radical scavenging activity (92 + 5.5 mg
TROLOX eq./gag).

Regarding HEcomposition dl the phenolic constituents that wefiaund in AE were not
present in HE, which was expected because the hexane extraction of phenolics and their
glycosylated forms is highly unlikely due to solubility issues. On the cider HE was
characterized bg significant amount of cannabinoidsith CBD asthe most abundant one.
The residual materiahlthoughtreated withMAE, still represents aoteworthysource of
cannabinoid$o befurther exploiedon an industrial level. Literature datentiona medium
value of 23% (w/w) of CBDA, and around 0.5% (w/w) of CBD for Futura(F&andrioli et

al., 2019) Sa our results indicated that mostly decarboxylated and partially non
decarboxylated cannabinoidere leftin the plant material after MAE. Notably, CBD was
by far the predominant compound (160.5 mg/g). Other minor cannabim@gentin the
neutralform were cannabinol (15 mg/g), a tetrahydrocannabinol isomer (9.7 mg/g), and
hydroxycannabidiol (3.9 mg/g). The HPLC analyseslencedhat MAE did not completely
decarboxylate all acid forms of cannabinoids siG&DA (14.4 mg/g), its derivative (4.3
mg/g), cannabidivarinic acid (3.0 mg/g) and hydroxycannabidivarinic acid derivative (2.4
mg/g) were detected in the extractTable 20. Notably, the ratio of
cannabinoids/cannabinoid acids was 7.5 obtained from the residual biomass, while
the same ratio obined from untreated plant material was mostly < 0.1, with large amounts
of acid forms.

In conclusion, the byproduct generated during MAE can beusedfor extractionand
purification ofcannabinoidshatare mostly present in decarboxylated forms, @D as

the most representative conmamt An important fraction of polyphenols such as glycosidic
flavones can be recoverad well, giving certainlyan added value for the pharmaceutical

and cosmetic markets.
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Table 19 Constituents of AE from run Vas evaluated by LOAD-MS" analysis

) Retention Concentration
Constituent ) ] [M+H] - MS? MS3 Reference
time (min) (mglg)
Flavonoids
Benayad and
apigenin 6,&di C- 503 473 383 Gomez
. 8.6 593 383 353 5.99+0.08
glucoside* 353 Cordovés
(2014)
o ) 489 429 357 Nagy et al.
luteolin di-C-hexoside 9.2 609 299 284 6.94+0.06
327 (2019)
luteolin G(hexosideO- 473 429 357 Nagy et al.
. 9.6 593 299 284 4.61+0.05
rhamnoside) 327 (2019)
. . . Shrestha et al.
vitexin 2njO glucoside* 9.7 593 473413293 293 7.22+0.07
(2020)
apigenin G(hexoside Nagy et al.
) 10.1 577 457 413293 293 1.72+0.02
O-rhamnoside) (2019)
eriodictyol7-O- 251 225 Friglil
] 10.6 449 269 3.77+0.02
glucoside* 209 2016
) 241 217
luteolin-7-O- 285 381 357 Nagy et al.
. 10.9 461 199 175 31.1040.10
glucuronide* 327 (2019)
151
o ) 225183 Nagy et al.
apigenin glucuronide 11.9 445 269 15.43+0.08
151 (2019)
O-methyl luteolin Nagy et al.
) 12.4 475 299 284 0.62+0.01
glucuronide (2019)
total 78.38
other phenolics
] Yuzuak et al.
(-)-gallocatechin 1.7 305 175 147 131 2.70+0.03
(2018)
) Yuzuak et al.
caffeoytO-hexoside 1.8 341 179 161 143 2.72+0.04
(2018)
protocatechuiacid Dall'Acqua et
) 6.1 315 153 109 0.79+0.01
hexoside al. (2020)
389371345 327317
unidentified 12.2 551 2.67+0.02
327 301
total 8.87
organic acids
citric acid* 25 191 173 111 67 2.15+0.03
cannabinoids
259233193 231217
cannabidiol * 28.3 315 0.85+0.01

135123 189 161

* indicatesidentification with reference standards.
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Table 20. Constituents of HE from run V1 as evaluated byDIAD-MS" analysis

Retention

Concentration

i + 2 3
Constituents time (min) [M+H] MS MS (ma/g) Reference
Cannabinoids
(neutral forms)
Maralikova
313273221
hydroxy 271243 and
tetrahydrocannabinol 24.8 33l 205113?3:,3 181 231193 1.90+0.05 Weinmann
(2004)
. . - 259 233 193 231217
unidentified cannabinoid 25.6 315 135 123 189 161 3.04+0.07
McRae and
cannabidivarin* 26.1 287 231 205 193 3.37+0.08 Melanson
165153 135
(2020)
271 257 Mar:r':'éo"a
hydroxy-cannabidiol 27.8 331 313193 243 231 3.85+0.06 Wei
103 einmann
(2004)
- 259 233193 231217
cannabidiol * 28.3 315 135 123 189 161 160.45+0.11
223208 McRae and
cannabinol* 29.7 311 293 241 223 14.95+0.09 Melanson
195
(2020)

. McRae and
tetrahydrocannabinol 259 233193 231217
isomer 1 30.3 315 135 123 189 161 2.74+0.04 Melanson

(2020)

. McRae and
_tetrahydrocannablnol 30.7 315 259233193 231217 9.70+0.08 Melanson
isomer 2 135123 189 161

(2020)
McRae and
cannabicyclol 31.3 315 259233193 231 217 0.09+0.01 Melanson
135123 189 161
(2020)
total 200.10
. e 461 433
unidentified 30.9 593 533 477 417 9.78+0.08
cannabinoids (acid forms)
hydroxy-cannabidivarinic ., 4 347 329 311205  2.38+0.03
acid derivative
cannabidivarinic acid 23.5 329 311 268173  3.04%0.03 Ne(‘%le;)a"
hydroxy-cannabidivarinic —,, 1 345 327309 309285  1.36+0.02
acid derivative
hy_droxy_can_nabldlvannlc 246 345 327 285 271 219 0.85+0.01
acid derivative 191
- . 324 295
cannabidiolic acid * 27.7 357 339 271 297 14.35+0.09
can_napldlollc acid 29.0 595 339 295 271 4.28+0.06
derivative 227
total 26.25
geranytflavones
. Pavlovic et
cannflavin C* 25.0 435 - - 0.01+0.01 al. (2019)
. 336 323 Pavlovic et al.
*
cannflavin A 26.9 435 420 351 309 0.26+0.01 (2019)
total 0.27

* indicates identification with reference standards.
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4.3.6Biological assayof AE and HE

HPLC-DAD-MS" analysisrevealeda significant amount of phenolic constituents and
cannabinoids in AE and HE, respectively. Literature dadécate thathese compounds
possess enzyme inhibition capadi®a et al., 2021Proenca et al., 20L7For this reaon,
AE and HEwere subjectedo different bioassays tdeterminetheir biological effectsin
terms of antidiabetic and ardbesity potential. In thieespectthese extracts were tested as
e n z y mgucogiddse and lipase) inhibitors but also for theipacity toreducethe
formation of AGEs and superoxide radicals.

Table 21showsthe results of the I4g values for the different assays; it camio¢edthat AE
was themost promisinge x t r act i-glucosidaserngibitiorf andChas a superoxide
radical scavenger. Both AE and kere ableo inhibit AGEs formation, but none of them
could act as lipase inhibitors (Eige 39. It is worth noting that AE is more potent than the
refererte drug acarbose as a glucosidase inhibitorapecis probably due to the specific
phenolic profile of this extract, particularly in tesraf flavonoids. Infact, the report by
Proenca et a(2017) evidencethe efficacy of flavonoids in inhibitingtglucosidase.

N a t u {glacbsidase inhibitors have already béemndin C. sativasamplegMa et al.,
2021; Ren et al., 2016)n particular, Ma et al(2021) describedhe moderate inhibitory
ef fect o-flucdiBade, while the same activity wepgorted fooligopeptides from
hemp seed protein, by Ren et(@016) Anyway, this is the first time that hemp {pyoducts

of EO extraction are presented as interestirtgstancesndowed wittbioactive compounds
exertingantidiabetic and antioxidant potentiBloth AE and HE were capable othibiting

the formation ofAGES a property never reported beforeConsequently polyphenolic
compounds detected in AE aesponsible fotheseeffects on the other handHE could not
inhibit U-glucosidaseprobablybecaus@hytocannabinoids do nbehaveas strong enzyme
inhibitors, at least in thetglucosidase and pancreatic lipassts Orlistat is a welknown
drug acing asa pancreatic lipasahibitor in overweight and obese patiemdthoughit is

not a polyphenolic compound, certain flavonditle quercetin hav@roventhe capacity to
inhibit pancreatic lipas@uchholz and Melzig, 2015However, in this case AHoes not
includequercetin, which couléxplain in part the lack of activity and the fact that most of
the flavonoids in AE are itheform of glycosides, avoiding enzyim®mpound interactions
in pancreatic lipas¢Buchholz and Melzig, 2015)Thus, it canbe deduced that hemp
hydrophiliccompounds with radical scavenging, AGEs and glucosidase inhibittwties

might be very usefub treat metabolic disorders.
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Table 21. Inhibitory activities of the extracts 6@ a | u e s
deviation (n = 3):, not determined due to very low activity. Lipase inhibition was not detected

present eglucosidaseGaperaxldd radical scavénging dnd AGEs assays. Data were represented as mean + standard

U-Glucosidase Superoxide radical AGEs
scavenging
AE 164.1+10.08 7.06+2.13 169.1
HE - 63.84+2.86 183.5+71.61
Acarbose 294.34+34.18 - -
Gallic acid - 0.034+0.016 -
AMG - - 63.42+14.46
100 - .- ,-
o " /
—_ [
§ 2 i i !
35 ] ;
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Figure 36. Radicatcavenging activity against superoxide radicals generated by the xanthine/xanthine oxidase system
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4 .4 Conclusions

The MAE process of the hemp EO and itsgrgducts AE and HE was investigated and
optimized using a DoE statistical approach. Tlsedoperatve parameteréMP, ET, and
W%) affectedin a different manner the quality and quantity of the obtained products, with
the exception of the HE. All the studiegsponsesyields, CBD content in the EO, and the
polyphenols, flavonoids, and radical scavenging activity of AE, were optimized
(maximized)y applyinghigh MP and ETusingW% in the range of 580%. The optimized
conditions were experimentally validated, and tilve obtained byproducts were further
evaluated focomposition and biological activity. The AE was rich in phenolic compounds,
especially glycosidic flavones, aadied asa superoxide radical scavenger, AGEsn ¢ U
glucosidase inhibitor. The latter agty is particularly promising since the AE performed
considerablybetter than the reference compound acarbose. Therédentea significant
content of cannabinoids, especially in the decarboxylated forms p€BiDthe predominant
one. Itcouldreduce AGEs formatioandscavenge superoxide radicals, evetess extent
than AE The results of thistudysupport theralorisationof industrial hemp EO antie by-
productsof its extraction representing sustainable and eéoendly methodwith almost

no waste Cannabinoidslang with other valuable bioactive compounds such as glycosidic
flavones may be obtainedfrom the residues of the EO extractidoeing interesting
moleculesfor the pharmaceutical, cosmet@nd nutraceuticasectors In additon to the
known applications, thiswork also suggests the fgmtialuse of the AE aanadjuvant in the

treatment of metabolic disorders such as type 2 diabetes and obesity.
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5. Evaluation of two C. sativa extracts as antioxidant and
neuroprotective agents

5.1Work introduction and aim

C.satva used since anti qui t,andmedicires, asowelrasfer of vy
recreational and religious purposes (Russo et al., 2008), contains a seariesnafally
active compounds such as cannabinoids, ter
2016). Flavonoids are a class of phenolic,ahdrefore watesoluble compounds from

plants with proven positive effects on numerous common diseases sucirozsc

I npammati on, cancer, neurodegener atandve di s
hypoglycemia (Cermak, 2007; Che tbasgontheiLuo, 2
structural variations, the mostepresentativeb e i n g pbavones, pbavonol

anthocyaninsand chalcones (Pefarrieta et al., 2014). Tlsgonp avonoi dsC. f ound
sativa ar e pavone gl ycosi de70O-glecunanidegy andw &pigenin l ut
glucuronide are the mogignificant compounds (Bawta et al., 2021)In contrast,
phytocannabinoids are lipophilicconstituents and are distinguished into neutral
cannabinoids (with no carboxyl groy@nd cannabinoid acids (with a carboxyl group). In

C. sativa cannabinoids are biosynthesized and accatedlas cannabinoid acids ahén
decarboxylated to their neutral forms. In this manner, CBDAT&@A areproducedrom

CBGA, from which the neutral form€BD and THC areobtainedby decarboxylation
(Sirikantaramas and Taura, 201Dgspite thestructural similarity between CBD and THC,

CBD has low agonism for cannabinoid receptors. Curesmdenceindicatesthat CBD
possesseanticonvulsant, antispasmodic, anxiolytic, amusea, ariheumatoid arthritis,

and neuroprotectivactivities(IbeasBih et al., 2015). Recently, CBD has beeportedto

act asan inverse agonist of orphanpgotein coupled receptotike GPR3, GPR6and

GPR12, suggesting new therapewapplicationso f CBD f or asiPahlei meo @& s
disease, canceaind infertilty (Laun et al., 2018Phytocannabinoids and polyphenols from

C. sativacan affect redox balance by modifying the level and activity of oxidants and
antioxidants (Pellati et al., 2088 Similarly to other antioxidants, CBD, THCand

pavonoids of tis plant interrupt the chain reactions of free radicals, neutralizing them or
convertingthem into less active forms. Furthermore, tkeynteracbxidative conditions

by preventing the formation of superoxide radica¥hich are especiallygenerated by

xanthineoxidase, and alsdecreasd¢he production of reactive oxygen species (ROS) by

153



chelating transition metal ioné&falay et al., 2019Pollastro et al., 2017Pxidative stress

has beenrelated toc hr oni ¢ i npammat i on isdrderssucle agy odege
Al zhei mer 6s, P,aank amyatrophi® kteratl sckeresss s(ALS), with an
increasing number of elderly individuals suffering from it (Peng et al., 2020). The brain is
especiallysusceptike to oxidativestress andiamage, due to its high oxygen consumption,

its scarceantioxidantdefencesand its high content of polyunsaturated ,fatsich are very

prone to oxidation (Rodriguedartin et al., 2019)CBD displaysantioxidanteffectsthat

depend on its chemical structurdemonstratingneuroprotectivepropertiesby reducing

oxidative parameters arehhancingcell viability. Campos et al. (201@&bserved that, in
patients with Al zhei mer 0s o fireatediWith @, the s cl e
accumulation of ROS, lipid peroxidation, caspaskevels and DNA fragmentation dd
beendecreasedn stimulatedpheochromocytomaPC12 cells. Someeportssuggest that

THC alsois endowed withneuroprotective propertiesince it inhibits the decrease in
dopamine content and tyrosine hydroxylase activitydamucingoxidative stress (Junior et

al., 2019).Another work on PC12and neuroblastomaSH-SY5Y) cells subjected tds-
hydroxydopamineOHDA) and supplemented with polyphenols such as protocatechuic

acid (PCA), gallic acid, cyanidjrand delphinidin metabolitespnfirmedan increase in the

activity and expression of antioxidant proteins regulatedunfear factoerythroid factor
2-relatedfactor 2 (Nrf2) (Chandrasekhar et al., 20I8)ang et al., 2015Moreover luteolin

i s a neuroprotective pavonoid thatO)jandhi bi t's
malondialdehyde  (MDA), and normalizes superoxide dismutase (SOD),
acetylcholinesterase (AChE), and glutathiorea®sferasactivitiesin rats (Akinrinde and

Adebiyi, 2019).In addition apigenin hashown to bea natural antcarcinogenic, ari

i n p a mmand antigxidant scavenger against oxidative stragd,also to increase
intracellular antioxidantlefencesas well as it has beémvestigated or Al zhei mer &s
model as a potential drug in mice (Nabavi et al., 20B8tause of h e b &f difteergrnit s
compounds fron€. sativa(mainly CBD aml THC), theidea of producing medicines or food
supplementdasedon cannabinoid has beemecentlyreinforced. That is why the approval

of some cannabinoids by tR®A has opened the horizon for tgplicationof these natural

drugs as medicines. In June 2018, tb&ARpproved he yr st CBD drug cal
for thetreatmenbf refractory epilepsy (ERT), including Lenn@astautsyndrome (LGS)

and Dravet syndrome (SD), and Sativex®, a drug based on THC and@ B treatment

of spasticity induced by multiple sclerosis (Li et al., 20200On the otherside the
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pharmacological potential of the more polar fractionCofsativae xt r act , wi t h
glycosides as the major constituemgdittle known.

For this reason, the aim of thigork is to clarify the antioxidant properties of tweatracts

of industrialC. sativalhemp), namelyhe lipophilic hexanoig¢ fraction vastly composed of
phytocannabinoidsandthe hydrophilic (aqueous) fractipoontainng mainly polyphenols

such as pavones. The pharmacol ogi cal rol e «

be considered after these encouraging results.
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5.2 Material and methods

5.2.1Chemicals and reagents

Neura2a (N2a) cell line wagprovided bythe Collection (ATCC, Manassas, VA, United

States) whe MTT, BSA, penicillin, streptomycin, DPPH, Trolox, Monoamine oxidase A
(MAO-A), Trizma base, 4 mi n o ant i -githiobis({2-eitrobe&qicsadig) (DTNB),

tyramine, levodopa {ADOPA) , hor ser adi s-dzobisp mnethyli das e,
propionamidinedi-hydrochloride (AAPH), hydrogen peroxide (30%), vanillic acid,
tyrosinase, 2,44ris  (2pyridyl)-1,3,5triazine  (TPTZ), galantamine, 2 N}, 7 Nj
Dichlorodihydrdpuorescein Diacetate (DCFHA), xanthine, ferrous sulfate (FeS{

AChE, and acetylthiocholine iodide (ATCI) were obtained from Sigmdrich (Madrid,

Spain). Clorij i n e -kajio were BromCymit quimica(Barcelona,Spain). Moreover,

NaCOs, HCI, NaCl, DMSO, methanol, and potassium phosphate were supplied from
Panreac (Barcelona, Spain). Dul,BBSANN8Dadds modi
xanthine oxidase wetgoughtfrom Vidrafoc (Barcelona, Spain) and iron chlorigeCk)

from Laboaragon (Zaragoza, Spain). All reagents used were of anajytdal

5.2.2Plant material and extraction process

Futura 75 hemp fgrowmneFiumina(poe retsrcaeln cletsal y; 43 A
56N 59n E; 4uSeitopnoduaethé extractdayeVAE, employinga Milestone

ETHOS X system (Milestone, ItalyMazzara et al., 202Q. The process wa®alizedby

applying a microwave power of 1.5 W/g, an agtion time ofL60.5 min and a percentage

of added water into the reactor of 55.4%. The two products, namely the aqueous extract and
residual biomass, werecoveredrom the reactor to betudied Beforeanalysisthe aqueous
extract wasa®l i20Aalyophlinedthreugha BUCHI Lyovapor L-

200 (Be¢chi Labortechni k AG, FIl awil ,,anBwi t zel
0.05 mbar pressure. The obtained lyophilized aqueous extract (Al§youasiwith a mortar

and pestleand the powder wastoredat 4°C untilcharacterizationOn the otheside the

residual biomass wasibjected to dryinfpr 24 h at 60°C in a ventilated oven (Biosec, Tauro
Essiccatori, Vanzo Nuovo, Vicenza, ltaly), dreptat room temperature in thertaThen,

it wasmilled bya MFC, IKA-Werk (Staufen, Germanyandextracted with analyticegrade

n-hexane (Sigm&ldrich) in an ultrasound bath (AQ20, Argo Lab, Carpi, Italyjor 20

min at room temperaturéy obtain the residual biomass hexane exifidél).
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5.2.3Neurodegenerative enzymes

A wide range of concentrations of both hemp extracts was selected to MAGHA and

AChE, which are CNS related enzymes with important pharmacological applications.
Acetylcholinesterase inhibition assay

The samples wertestal for AChE inhibitionthrought he EI | man6s met hod
changegRhee et al., 2001Each well contained a mix of ATCI (15 mM), DTNB (3 mM)

in a TrisHCI buffer (50 mM, pH = 8); BSAand selected range of concentrations fardas

or buffer (control). After all, AChE enzyme (0.22ll) was addedto begin the reaction.
Galantamine wasgsedas the reference drug. Optical density was read96well plate at

405 nm13 times.

Monoamine oxidaseA inhibition assay

Hemp extracts werevaluatedor MAO-A inhibition as previouslylescribedy Olsen et al.
(2008) Each well contained specificrange of concentrations for hemp extracts or buffer
(control), chromogenic solution (0.8 mM vanillic acid, 417 mhk&minoantipyine and
horseradish peroxidase (4raL) in potassium phosphate buffer pH = 7.6), tyramine (3 mM)
and MAG-A (8 U/mL). Clorgiline wasusedas the reference drug. The absorbance was read
at 490 nm every 5 min for 30 min in a FLUOstar Omega microplate reader (BMG Labtech,
Ortenberg, Germany).

524Anti oxi dant proyl e

Antioxidant capacity wagleterminedby four complementary methadaamely DPFH,
superoxide radical, FRARnd ORAC.

DPPH scavenging capacity

The neutralization of DPPH radicals wasriedousc c or di ng t o bylLbpez modi y
et al. (2007)The same parts of extracts and DPPH solutions (0.04 mg/ml in methanol) were
mixedin a 96well plate Antiradical activity wasneasuredt 516 nm aftemcubation in

the dark foi30 min at room temperature. Ascorbic acid wagployedas a positive standard.
Superoxide radical reduction by xanthine/xanthine oxidase system

The substrate xanine and the enzyme xanthine oxidase caerbployedto evaluatethe
potential reduction of superoxide radical by the formation of the -Nfgiical superoxide
complex. As well as DPPH assay, several dilutions were prepared to estabjigall€s.
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The assay wagerformedn a 96well microplatecontaininga mix of diluted concentrations
3611, 000 eg/ ml) of Na€m@6 ey NBT#2.8 |gV) xantHine @0 ,
puM), and xanthine oxidase (0.168rL). Ascorbic acid wasisedas a positive andard.
Then, the mix reaction was incubated for 2 min at 3@rd absorbance was read at 560 nm
(RodriguezChavez et al., 2035

Ferric reducing antioxidant power (FRAP)

FRAP assay warealizedto evaluateantioxidant properties of hemp extracts. The reaction
measureghereduction of TPTZ to a blue product using Fe&id buffer solution at 595 nm
(FernandeaMoriano et al., 2016 Hemp extracts wereombinedwith fresh daily FRAP
reagent and incubatddr 30 min at 37°CThen,FeSQ was used aa standard tondicate
results as pmol F&g extract.

Oxygen radical absorbance capacity (ORAC)

ORAC assayrevealedthe capacity of hemp extracts to scavenge peroxyl radicals. The
procedurewas modified from Davalos et al. (2004)and Trolox (100 pM) wasthe
antioxidant reference compound. Samples wer
min at 37°C in a dark pla. Then, AAPH (40 mM) wasncludedto the wells and
puorescencsswasdeterminedat excitation and emission wavelengths of 485 nm and 520

nm, respectively. The spectrophotomedgnergy H1 BioTekvas employedor this assay

and results were expressagipmol Trolox equivalents (TE)/mg sample.

5.2.5AE activity on Neuro-2a cells

Cell culture

Neura2acells(ATCC® CCL-131)weredefrostedand cultured in 10% FBSupplemented
high-glucose DMEM and % penicilins t r ept omy ci n, s e @ldceddntoi n a T
the incubator (5% C§)37°C). The experimentcurredoetween passagesillB. Density

for a 96well plate was 1 x 104 cells/well performeach assay.
Treatment solutions

Stock solutions of A E (steriliged BBS. cTlge/ samiple wase r e ¢
vortexed and yOmesedi wge hypariéle (206 yM)wasg e n
prepared daily andddedt o t he <cel |l s at a ynalindecioghcent r

oxidative stresm the cells.
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MTT assay

Mitochondrial response wadeterminedby MTT assay Initially, the cytotoxicity of the
extract wasevaluatedin the concentration rang&5i1 , 0 0 0 Ila @dditdn .the
cytoprotective propertiesf AE and HE wereassessedn Neure2a running again in a
different condition by using hydrogen peroxide (300 pM) as a neurotoxic agasing
oxidative stress for 1 h. After that time, the prooxidant was remawelcells were cultured

for 24 h in 1% FBSsupplemented higglucose DMEM. After treatments, MTT solution
was added to the celésd after formazan crystals were dissolved, absorbanceesdst

550 nm using a Synergy H1 BioTek microplate reader (Agilent Technologies, Madrid,
Spain). Results weliadicatedas percentagef control and experiments wegarried outat

least four times.
ROS production

Neurc2a cells were treated with different c@mtration®f hemp AE and HE, and hydrogen
peroxide simultaneously. Intracellular ROS were revealed by using BElDFHs a
buorescent pr ob e perfofnfedbased>othe pratocokepdrtedoy deBel
et al.(1992) with someadjustmentsROS generation watetectedat 480 nm of excitation

and 510 nm of emission at 37°C for 90 min.
Microscopy

Direct visual observation of the treated cells for any morphological changes or toxicity was
carried outunder an inverted microscope (Leica DMil, 40x and 100xjgeswere taken

with Leica Las X software.

5.2.6Statistical analysis

At leastthreeindependenbiological replicates (i.e., independent passages in independent
experiments/stimulations) werealizedfor all experiment®nthree different days. The bar
graphsrepresenmean +SEM or 95%1. Nontlinear regression was selected to calculate
ICso inhibitory assaysGroups were compared vi&at u d etaest od ANOVA followed by
Dunnettds mul t itiwdughGrapbRag Rrism & softward epsrtedin the
ygure | egends. Di f f er em<c0&5) arendicatedwidheasterisk a s
(p) within graphs.
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5.3 Resultsand discussion

5.3.1Extracts composition

AE and HE chemical compositioedescribedn Mazzara et al. (202%. HPLC-DAD-MS"
analysiscarried outon AE and HEshoweda considerableamountof several bioactive
constituentsthatcouldbevalorisedon an industrial leveln particularn the pharmaceutical
and nutraceuticasectors Specifically AE wasrich in phenolic derivatives and, among
them, luteolin7-O-glucuronide and apigenin glucuronide were thestrsignificantones
(31.1 and15.4 mg/g,respectively) The cannabinoids fraction in AE was almesisent
indeedonly CBD wasrevealedand in lowcontent(0.85 mg/g) Mazzara et al., 202 On
the otheside HE presentedaotablec a n n a b i n oespaallypnrthelegcartzoxylated
form, with CBD as thenost abundarane (160.5 mg/g). Notably, the extractimethoddid
not causea complete decarboxylation of cannabinoid acidspasirmedby the presence of
some of them in HE, such &BDA (14.4 mgg). Thus thiswork evidencedhat AE could
beusedas a source of geregsti® souldl beexplofied to cecoees |, w h

phytocannabinoids.

5.3.2Neurodegenerative enzymes

Figure37representthe inhibitory capacity of hemp extracts on CNS enzymes. Both extracts
wereable toinhibit AChE enzyme while HE could not reachsé@alue for MAOA enzyme

at tested concentratiorsvery tested compound reached 100% of AChE inhibjtgntcan
beobserved irFigure37A. Clearly, galantaminexhibitedalowerlCsome ani ngmli n 1 ¢
while AE and HEpossessedCsov al ues of 5/i2 respentidely.BIACCA € g
inhibition wasdescribedn Figure37B; clorgiline,whichwas the reference drudisplayed
anlCsovalueof 0 . 0 2nl. ®gthe otheside AE was characterized an ICso valueof 315

¢ ¢ml andreachedthe total inhibition of theenzyme.RegardingAChE inhibition assay

results,a dosedependent relationship was observed (Figdi®&). The extreme difference

between théCso values of galantaminegher ef er ence dr ug ,andghentp i n Al
extracts indicated that cannabinoids exert eibsgendent activity, at high doses, for the
inhibition of AChE. On the othesidg the studyby Sugarman and collaborators reported

that cannabinoidsowld induceinhibition of the release of acetylcholine,ntobuting to

acute cognitive deycits BERysitethim chdlinergig netve t he
terminals Sugarman et al., 2019Taken together, these data suggest that cannabinoids act

on the cholinergic system and raise the question of whethelaging acetylcholine levels
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pharmacologically can counteract the cognitive effects of cannabinoids by adatimnsof

an acetylcholinesterasehibitor like galantamine or polyphenols. There is only an article

focusing onluteolin-7-O-glucuronide, which s t he maj or p@allicampaoi d of

maingayiKing & Gamble although an 16 value was noachievedfor AChE inhibition
(Ado et al., 2019 This is because phytochemical composition plaisyerole on this kind
of bioassaysConcerninglAO-A inhibition, while AEICso valuewas3 1 5 /mk HE was

not able to reach the $& Almost no studies havbeen found on the MA@ enzyme

regardingC. sativa for instancean aqueous extract exhibited and€ al ue o fml 50 .

(Rea et al., 2020a slightly lower result than the one obtained inwuosk. It isworth noting
that CBD from hashish has no effect on the activity of MAGQn brain tissueswhich
explainswhy HE did not show any inhibitory effect on this enzyn@h&n and Duncan,
2027). Moreover cannabinoidgeduceMAO activity at really highlevel concentrations

(Figar), 2010
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533Anti oxidant proyl e

In order toevaluatd he anti oxi dant proyle of the extra
used namelyDPPH and superoxide radical scavenging, FRa#&f ORAC assay$igure

38A describegshe DPPH scavenging capacity of both hemp extracts and ascorbic acid as
reference comgnent A nonlinear regression was displayeohd 1Go values weregeached

for each compound. /mlfidi @ecorbic aciaf Ou mssfpr AEE ané 975 ¢ g

e gnl for HE. For improving the antioxidant background, superoxide radical scavenger

activity wasobtainedoy xanthine/xanthine oxidase system (Fig8®B), where 1Go values

were 1, 9a nd 1/l 7or asogprbic acid, AEand HE, respectivelyin addition,ORAC

and FRAP assays f ul y bflheng extraectedAE showed0 o ®ild & mto | p |
TE/g sampleandl 7 . 75 #%/gnextract,Fvhile HHElisplayed7 . 37 e mol ,TE/ g s
and2 1. 9 4 %/gnextractRegarding the antioxidant activity by hemp extracts against

the production of DPPH radicals, previous works indicate that antioxidant activity is closely
related to polyphenolsyhichhave strong antioxidant prope.
correlation wa noted between the phenolic concentration and antioxidant activity
determined by the DPPH method (Rpjet al., 2014). Luteol#¥-O-glucuronide and

apigenin glucuronide were isolated frétatrinia villosa(Thunb.) and |G value was0.011

e ¢mlin both cases (Liu et al., 203, buti t wa s 1férla CBD andjHCrextract

(Hacke et al., 2019)The xanthine/xanthine oxidase assay wasied outto measure the

capacity of the extracts to scavenge superoxide radaradsthe obtainecksults agee with

those of tharticle on which this study is based, since thg i@lueswere7 . 0 nl andy

6 3. 8/l (Magzara et al., 2022 . Besi des, t h-¢0-gueuroride o i d |
obtained an 16s of 0 . 2 4ml Rara et al., 2016xupportingpolyphermls from AE as

excellent radical superoxide scavengers. No previepsrtswere found regarding apigenin
glucuronide nor CBD an@HC. The FRAP assagvaluateghe antioxidant power through
thereduction of the complex of ferric ions (Feto that offerrous ions (F&), assumingan

intense blueolourproduced by antioxidants in acid medigulcin, 2020). The analysis of

this test yielded results @1 . 9 4 ZFewgforHE@nd 17 . 7*®g/gfonbBA Fe

similar studyanalysedC. sativaEOand B D, wi t h r e s u |?eqég amdfl0.81 2. 9 ¢
e mo |**edgfgéBenelli et al., 2@b), respectively. From both studies, it can be dedtitaid

the presence of CBD and other phytocannabinpridbablycontributel to the antioxidant

activity of the extract and, depending on the harvest and cultivar conditithres,

physicochemical composition could altkea nt i oxi dant proyl e.
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The ORACanalysismeasures the ability of antioxidants to absorb oxygen radicals, which
can be easily q uepnoportignaldo the preaking @froeygea ehairts as
previously described. The results for thssaydenote a much higher antioxidant capacity
to neutralize peroxyl radicals by HEx a study carried out by Teh et al., an extracCof
sativahadan ORAC reult of 0 . 2 4 6  dgn{beh et &lE 2016)suggestingthat the
phytocannabinoids of this cultivggossess great antioxidant power for the ORAC test,
havingobtainedresults almost four times higher for AE and up to 30 times higher for HE.
Not only the dtal content but also the type of phenolic compounds (chemical structure,
numberand position of the hydroxyl group, nature of the substitutions in the aromatic rings)
play a very important role in the antioxidant activity (Kolni@stek, 2016). This would
explain why AEexpressea lower 1Go in this study but also most of the solaés used in
these assays were wataiscible,which may help to dissolve the extract betth respect

to HE whichis less polar.
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Figure 38. Antsiwere caididated by pelmeay regeession. \) DPPH inhibition of hemp extracts. (B)
Hemp extracts scavenge superoxide radicals generated by the xanthine/xanthine oxidase system. Ascorbic acid was used
as reference antioxidant
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5.3.4Cell culture

MTT assay

Figure ®A reports the Neure2a mitochondrial response to AE. A vast range of
concentrations was tested in these neurons. Lower concentrations of this polyphenolic
extract (255 0 ¢ grhamtednitochondrial activity even more than control céfgyure

39C). Higher concentrationsf4 0 0 and 500 ieducemiochandrial activdeyd t o
which is relatedtoa educti on of neur onal viability,
obtainedmeaning that this extract is not cytotoxitie ame concentrations were taken for

HE, determiningcytotoxicity. Results were expressed over control cEéiigisequentlythe
cytoprotective effect of the extrashs assessexainst a prooxidant agentABb, 300 pM)

on Neurae2a cells For this purposehe concentrations witthe best results in the previous

assay were selected. As seen in Fig@, 8otreatments (hemp extract dilutions &iD,)

ledtosi gni ycant diHfOl-teateel (68% sk by arelionatimd cell viability.
Theseconcentrations @2 00 € g/ ml ) Il ncr e ab38% overenbulted vi abi
neuronsAs AE is a novel fraction from hemp extraction, no prevismeskshave beeifiound

in theliterature on these neurons, but some studidsteolin and apigenin werdetected

MTT assayshowedthat the polar fraction o€. sativais not cytotoxic, even more, it
enhancedni t ochondr i al activity at ,hsowngdmednt r ¢
Figures 3A, C. Once these cells were exposed to a toxic atjeatH>O,, the extract
demonstrated a great neuroprotective effect on this radical prodeaceralizing reactive
oxygenspecieS gni ycant di fieleslin eohcensentratotestd aadchk

| owest concentratiengRycagtmi) f §bowadekesds
of H>O, beingtoo high to counteract its action for that periatthough the rest athe

concentrationsletermineda greater mitochondrial response against the prooxidant.
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ROS production

ROS detectiordemonstratedhe antioxidant potential of AE (FiguréD@ In this 90 min

assay, Neur@a cells were simultaneously exposed to different AE concentratioh&@nd

Since T = 0, these dilutions courdetedthe effect of the free radicals generated by the
prooxidant. hese reactive oxygen species producedHb@--treated cells maintained

around 220270% over control cellswvhile cotreated cells (hemp +.6:) decreasedhis

production below 200%. Even morthe last measurements continued to reduce ROS
production almost reaching values of control ceNéira et al. (2015) investigatelingelica
shikokianaviakinoimpact on Neuréa exposed to ¥, determiring that luteolin protected

cells from neurotoxicity and it was able to scaveing@acellular ROSa 50 and 100 ¢ |
shown in Figure @, the fourtestedc oncent r ati ons exhi bited sign
yrst mo ment . Wh a 't stands out i n t,which ygur e
decreases intracellular reactive oxygen species along the experiment versus the toxic agent.
Indian researchers test€dewia tiliaefoliavahl, a r i ch source of pavor
on Neure2a subjected to glutamate (5 mM). The accumulatifotnie neurotransmitter is

i nvol ved i dseasaeGztihaefolimteatnieatg25/1 0 0 ¢ rgduamdxjdative

stress damage bgecreasinghe production of intracellular RQ@&nd cell viability was

barely affected (Malar et al., 2018).
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5.4Conclusions

In conclusion, this work provided new insights into the biological activities of two different

C. sativaextracts. It was evidenced that these extracts represent a valuable and interesting
natural source of bioactive compounds with gregioaidant properties, potentially able to
prevent neurodegenerative diseases. However, amosewbmatests theoutcomeshowed

that these extracts are more effective in terms of antioxidant comthuld beconsidered

that both extracts showed a striking antioxidant capacity for the FRAP and @85&¢s
especiallyH E , and an interesting proyle for the
tests, with AE especially standing out in the lat@wncerninghe enzyme inibition tests,
polyphenols from AE showea higherresponse than phytocannabinoids from HE. Finally,
furtherresearchs required to better understand the mechanism of action of these extracts as
antioxidants and pharmacological agents. These resultseayepromising, considering

every hemp derivative essential for industrial and technological development in the food,

pharmaceutical ancbsmeticsectors
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6. Phytochemical analysis of terpenegyolyphenols,and cannabinoids
and micromorphological characterization of 9 commercial varieties
of C. sativa

6.1 Work i ntroduction and aim

Hemphas beertultivatedfor a long time in different parts of the world, and recently has
been recognisedas a good opportunity for agriculture productiddemp fibers are
considered stronger than other natural ones andgisadto producesustainable andurable
fabrics and textilesHemp is also a source of cellulosed consequently ohigh-quality
paper,in particularfor the cigarette markeln addition hemp can babuilding materiafor
insulating constructions, and as an alternative tmroon plastics, especiallyin the
aubmobile field (Carus and Sarmento, 2Q16iemp can also be exploited as energy
source, in the form of biofuels, and as a decontantiagent inpolluted soilscontaining
heavy metalsAhmad et al., 2016 From a nutritional @rspective hemp, and mainly its
seeds.endowed with a valuabl&atty acids and proteins profjl@re gaining interesias
healthy ingredients of food products and beverages for humans and animals. Seeds are rich
in unsaturated oils, and theggsess significant araunt of phytosterols and unsaponifiable
fractions(Liang et al., 201p Hemp seed oil and its constituents candoeveredy pressing

or extracted with supercritical GQA| adi | et al ., )2Téecemposini j - e
rich in unsaturated fatty acidsnakes lkmp seed oilvaluable for cosmetic or for
dermatologicalises As recentlyexamined(Mnekin and Ripoll, 202)1 hemp seed oil can
be useful for topical applications moreover also the nofpsychotropic mainhemp
cannabinoid CBDhas recently beeadded tothe list of the ingredient$or cosmetic
production,so offering newpossibilitiesfor the development diemp products. bheed so

far, CBD usehas beenwhorizedin the cosmeceutical industflyinekin and Ripoll, 202}
Notably, in the case ahedicinal applications, some issuaay be raisedTo date CBD
(Epidiolex)has been registered as a drug also in thef@ldhe treatment of sonferms of
epilepsy(Nabbout and Thiele, 2020CBD regulation irthe food or food supplemertfisid

is not uniform in Europeronsequently CBD products can benanufacturedn some
countries as food supplements but cannot be produced or sold in othersstivthashave
beenperformedin therecentyears on CBD's poteiat applicatiors in medicine, but CBP
fortified or CBD-labelledhealth products and CBBssociated health claims lacktangent
scientific basis(Nelson at al., 2020 Nowadays many researa@rs are investigatingCBD
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and other cannabinoids for possibigesin healthcare, medicine, food supplements, and
cosmetics. In thisaspectenhancinghe knowledge fodifferent hemp varieties or cultivars
to obtainproductsenriched in specific phytoconstituents may be advantegéoaddition
hemp inflorescences, usuatlgnsidereds waste material for the fiber industry, actually
valuable sources of volatile constituemtspecially terpeneproduced andeleasedby hemp
trichomesin the form ofa yellowish and odorou&O (Bertoli et al., 2010; Fiorini et al.,
2019; Fiorini et al., 2020 Among tkese secondary metabolitesnnabinoids and terpenes
are contained in a sort of resiacretedy capitatestalked glandular hairs loaon flower
bractsand, to a minor extent, by capitate sessile and bulbous trichomgsedsabn other
vegetative organgHappyana et al., 20)3 Morphological characterization ofhemp
trichomes plag a vital role in forensic igpectiors and legal/illegal cannabigcognition
Due tothe high variability inC. sativamorphologicalcharacteristicsthe study othese
anatomicalfeatures seem# be important for cultivars classification anddescription
(Raman et al., 20)7For these resons, theeonventionabptical, electron, and fluorescence
microscopy, and the more performing Raman spectros(eipgrsbach et al., 201L8ave
beenusedfor cannabinoid$ocalization and analysis cannabis trichome#s a source of
certified new products, hemp EQatiracting attention itheagrochemical, cosmeceutical,
pharmaceutical, and nutraceuticgectors (Zheljazkov et al., 2020 Indeed, this EO
displayedrepellent, acaricida{Gorski et al., 2016; Tabari ei., 2020, and insecticidal
propertiegBenelli et al., 201& Thomas et al., 2000being exploitable fothe development

of safe botanical pesticides in organic farming and parasites control programs, altgrnative
to traditional syntheticproducts(Thakore, 2006)Hemp EO can also h#sedas a scent in
cosmetics like perfumes and soaps(Crini et al., 2020 and it exed antifungal, ant
inflammatory(Orlando et al., 2021 antiprotozogland antioxidan{Menghini et al., 2021)
activity, suggestingts potential pharmacological use in infective diseases, in the form of
dermatological preparationand as an ingrediefbr protective masks against COU®
(Orlando et al., 2021 In addition,the capability of hemp EO timprovethe sheHlife of
trout fillets, due to its antimicrobial propertidgingincreasedy naneencapsulationvas
recently evidence(Majidiyan et al., 202R These results supported the furtheeof hemp

EO in green etive packaging tpreservdood safety and qualityAlong with EO, two still
understudied additional byroducts, namely the residual water and the deterpenated plant
material are produced bpedistillation of hemp inflorescence3 he aqueousesidues could

be rich in phenolic coponensthatcan beobtained bysafe solventdike ethanol and water

(Mat egi | ) indusirial hemp golypghdnols amétractivebioactive compounds that
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can reduce the progression of cardiovascular and negesdzative diseases, asthma,
inflammatory conditiongumours and othedisorders Andre et al., 2016 Among cannabis
typical flavones, cannflavin A and B are particulaimyerestingconstituents with antt
inflammatory (Werz et al., 201y antiparasitic(Pollastro et al., 2038 anticancer, and
antiviral effects(Bautista et al., 2031Flavonoidsare endowed witantioxidant and radical
scavenger activityso they contribute plant protection, especially from UV light.deed
cannflayn A wasfoundat a high level in hemp varietissibjected t@trong solar radiation
and cold temperaturg€alzolari et al., 201)7 The inflorescences anth a minor extentthe
leaves can also bgood sources of cannabinoids, especially CBIdstly present in the
acidic form, and the heating pllant materiahtabout100°Ccauseslecarboxylation of these
compounds. Sdhemp biomassespeciallyafter heatingcan be usedb extractCBD and
other minor cannabinoids. fact, some authors recaytaffirmed that hemp deterpenated
materialshould be no moreegarded aa wastgVuerich et al., 2019 becauset could still
containphytocannabinoids, subjected to decarboxyladiamnng distillation(Zheljazkov and
Maggi, 202). CBD is actually veryinterestingfor several applications, and lessidied
minor cannabinoids, such &BG, can be equally promisinffom a pharmaceutical
perspective Specificcultivarsrich in rarer cannabinoids could represemtoael research
field, and also a source afinovative products(Smith et al., 202). As anexample, the
French cultivar Santhicayith a notableCBG content, could besedto develop new hemp
strainsfor the vadorisation ofthis cannabinoidClarke and Merlin, 2016 Actually, CBD
and CBG, used in combinatiomisplayed antioxidant and aninflammatory activity
(Mammana et al., 20)9as well as antidiabeti@&meriglio et al., 2018 and antimicrobial
(Zago@gen e)tpoteatial. In parficOld, 1ICBGcounteracteccachexiainduced by
chemotherapyBrierley et al., 201p and was found to beffectiveagainst severalancer
cell lines, including glioblastom@.ah et al., 202l Moreover, CBG may be atherapeutic
candidateagainst inflammatory bowel diseaf&orrelli et al., 2013 The majorityof the
published papers d@. sativarelates to industrial hemp certified varieties or legal cannabis
for recreational and therapeutises while studies orrannabiscommercial cultivars with
low THC content arémited. Crossbreeding ofecificvarieties withnotableterpenoids and
phytocannabinids profiles couldeadto obtain mvel hemp breeding lines with ffierent
biological properties, and with potential industrial applicatioss¢ch as antiseptics and
biopesticidegRocha et al., 20900n this basis, ths t u Giyn & ®© carry out a complete
phytochemicalanalysisof several commercial strains of hemp, cultivated for research

purposes antb makecraft beers. Ouwork explored thepossibilityto obtain 3 highvalue
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products from hemp inflorescendd®, namely EO, resigal water, and plant material. The
EO and residual water can be considered as sources of volatile terpenes and polyphenols,
respectively.In addition the strong heating during the distillation process will probably
induce decarboxylation of cannabinoidsthe plant deterpenated material. In tieisearch

9 diversehemp commerciatultivars have beeremployedas training model plants to
confirmthe valie of this complete extraction process. Téiigsdyalso aimed atreatingnew
opportunitiesfor the devabpment ofa smart extraction approach valorise hemp by
products, supporting their furtheexploitation in the pharmaceutical, nutraceutical,
cosmecedutical, and foodields. Thus to justify this approach, a comprehensive
micromorphological and histochemical study of glandular andgteamdular hairs has been
performedin anattempt to correlate the phytochemistry and morphological traits of these
commercial varieties with the morphotype, atlance, distribution, and secretory products

of trichomes.
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6.2 Materials and methods

6.2.10rigin of the commercial varieties

The investigate. sativa9 commercial varieties, nam@4 K, Gorilla Glue, Lemon Conti
Kush, Lemon Conti Kush New, Fresh Mountain, Amnesia Cookies, Pablito, White Shark,
and Venom OG, were provided by the farm Everweed of G.Di Vietri & C. SS,isiteeé
municipality of Amandoladistrict of Ascoli Piceno,entral Italy in Monti Sibillini National
Park. Thevarietieswereproducedy crossbreeding between Eulthorisedcultivars which
has not been fullyevealeddue to pssiblepatent protectionPrecisely 24 K and Gorilla
Glue originated from Carmagnola & male inflorescenced.emon Conti Kush, Fresh
Mountain and Amnesia Cookiegerivedfrom male inflorescencesf Kompolti, andPablito
was generated from Santhica ®oreover White Shark and Venom OG werbtainedby
replanting 24 K seedsvhile Lemon Cati Kush seedsvere used to obtaihemon Conti
Kush New. Voucher specimens of the 9 hemyitivars were kept in the Herbarium
Camerinensis of the School of Bioscience and Veterinary Medatitiee University of

Camerino.

6.2.2Hemp gowing and harvesting

Hemp plants wergrownin the semthilly fields of the farm Everweed. After 18 h of light

at the vegetative stage, the agamic reproduction with cuttingpevissmed The cuttings
were therocatedin a hydroponic greenhouse, where thamyk root. The plants wenmoved

to the ground, and they grew to about 60 cm in height. Drip irrigation and NPK
macronutrients wereused without employing pesticides, herbicides, and chemical
fertilizers. The inflorescencdsarvesting occurreffom September tthe second week of
October 2020. Larger leaves were teéiminated and the plants were airiedthroughfans

and dehumidifieran the dark. Afterbeing slowy dried, flowers were separated from
branches, and smaller leaves were mechanically and, if necessary, meemaihed The
product indicated asintreated materiglJM), consisting offemale inflorescences of the 9

varieties, was placed in plastic bags undeuuan andkeptin the dark, until use.

6.2.3HD process

200 g of UM for each variety welgydrodistilledin a 10 L round flask, filled with 6 L of
distilled water to obtain the EOsThe materiaivassoaledfor 30 min beforéhe processA

Falc MA heating rantle (Falc Instruments, Treviglio, Italy), and a Clevertgpe apparatus
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wereusedfor theextraction that wagerformedfor 5 h. TheobtainedEOs were separated
from thewaterlayer and collected in glass vials, to i@intainedat 4°C untilfollowing
analysis. The EOs yields weegaluatebn a dry matter basis (w/wAlong with EOs, two
other products were recoveredter the processnamely the water and plantaterial
remaining in the round flask. The aqueous residues were filteredikatipaper andkept
at-20°C, while the deterpenatdibmasswas dried for 24 h at 60°fD a Biosec desiccator
(Tauro Essiccatori, Vanzo Nuovo, Vicenza, Italy), and stored at room tempenmature

darknesdor furtheranalyses.

6.2.4Analysis of volatilecompounds

GC-FID analysis of EOs

The analysedEO marker omponers  w e-p ie n dlpieene, rhyrcene, limonene, 1,8
cineole, E)-b-ocimene, terpinoleneFEf-c a r y o p hadmulene, earyopbyllene oxide,
CBD, and THC. Theanalytical standardsf these compoundsy Sigma Aldrich (Milan,
Italy) were injected tanakethe calibration curves in the range 0.a0bmg/mL. The EOs
of the 9 commercial hemp varieties were diluted 1:100 in analytical gradgane and0.5

e L cebolutioh analysed in split mode (1:30)heusedHP-5 coated capillary column
(HP-5 , 30 m | ., 0.32 mm i . d. ,wadplacecdin an Agilent. t . /
6850 GCsystem A generator PGH250 (DBS Analytical Instruments, Vigonza, Italy) was
employedto generaténydrogen flowing at 3.7 mL/min. The temperatoféheinjectorwas

set at 300°C, while that of GC oven wiased as follows: 60°C for 3 min, then 350°C at
25°C/min for 1 min. The FID detector temperature was 360°C, and the hydrogeir and

flow wereat40 and 400 mL/min, respectively.
GC-MS analysis of EOs

The qualitative chemicadvaluationof the EOs from the 9 varieties washievedhrough

an Agilent 8890 GCendowedwith a single quadrupole Agilent 5977B Mass Spectrometer

(MSD) (Santa Clara, California, USA), and a PAL RTC 120 autosampler (CTC Analytics

AG, Zwingen, Switzerland). The nggolar HP5MS (5% phenyl|l met hyl pol vy
[ ., 0. 25 mm ind the polar ®BAAX (p@ymthyfenetglycpl; 68 m I., 0.25

mm i .d., 0.25 em f.t.) col umns edalrm/ma.mpl oye
The oven temperature programs wtre following for HP5MS column, 60°C for 5 min,

then up to 220°C at 4°Cim so until 280°C at 11 °C/min, for 15 min, aatithe endo

300°C at 15°C/min for 0.5 min; for BBV/AX column, 60°C for 5 mintaisedto 220°C at 4
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°C/min, andthento 250°C at 11°C/min, for 15 min. The EOs were diluted 1:10@#MS
n-hexaneand the mjectionoccurredin split mode (1:200). Datacquisition wasn SCAN
mode (46400 m/2, and data analysis was madhrough MSD ChemsStation software
(Agilent, Version G1701DA D.01.00ysingNIST Mass Spectral Search Program for the
NIST/EPA/NIH El and NIST Tandem Mass Spectral Library v. B-Blkanesmix (Cg-Cao,
Supelco, Bellefonte, CA, USA) was injectedteasureRls, and EOs empound were
identified bycorrespondence between theisRhd MS and those of commercial libraries,
in particular ADAMS in the case of the analybis HP5MS column, and NIST 17 when
DB-WAX column wasemployed(Adams, 2007; NIST 172017). Relative abundance
represented byeak area percentagess reachedby normalization withoutcorrection

factors.
Chiral GC-MS analysis of EOs

The enanti om®i ine-4pipead limonere,flinaldolEj-caryophyllene and

caryophyllene oxide in the 9 EOsve separateddi t h an Agi |l entumdP 20650
0.

(20%ylwl odextrin, 30 m | . 6 usedGC2VS apparatusalordy. |,
with the EOs dilution and injection modeere the samdescribed in th@revious se@bn
(GC-MS analysis of EOs The oven temperature wapsogrammedat 50 °C,increasedo
220 °C at 2 °C/min for 1 min. The injector temperature seas250 °C, while the ionization
source and quadrupole temperatures W&@ °C and 150 °C, respectively. The analytical
standards (Sigmaldrich) of (+) and(-)-U-pinene (-)-b-pinene, (+limonene, {)-linalool,

(-)-(E)-caryophylleneand €)-caryophyllene oxide were injected as referencepmmans.
SPME-GC-MS analysis of UM

The analysis ofhe volatile composition of UMbok place ina solid-phasemicroextraction
(SPMB device from Supelco (Bellefonte, PA)
DVB/CAR/PDMS (divinylbenzene/carboxen/polydimethylsiloxane). Thgperimental
parameterdor the sampling wereepresented by aequilibration time of 30 minand a
sampling time of 60 min at 35°Chen the SPME fiber was troducedn the injector of the
GC-MS systenkeptat 250°C andavorking as below. AGC-FID coupled with aMS system
(Clarus 500 model Perkin Elm&Yaltham, MA, USA) was used. The capillaglemn was

a Varian Factor Four \E, and the optimized temperatsetup was from 70°C to 120°C

at 6°C/min andfrom 120°C to 220°C at T/min for 10 min. The compomdswere identified

by comparison between their calculated LRIs and thoseedelata mix of n-alkanes.
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Moreover the matching of theiMS against commercial libraries (NIST) wearried out
All analyses wereealizedin triplicate and the results weredicatedas average percentages
measuredby peak area normalization from &dD chromatograms, withoutising an

internal standard or correction factors.

6.2.5Spectrophotometric analysisof HD by-products

Samples treatment

The remaining water after EOs distillation was fredze i e d a t 0.05 fbaitlrougm d
a BUCHI LyovapoE L-200 freezedryerby Biichi Labortechnik AG, Flawil, Switzerland.
The lyophilized extracts (LE) wemilled in a mortayand theresultingpowders werstored

at 4°C until further analyses.
TPC

The TPC in LE wasevaluated according tthe FolinCiocalteu methodMustafa et al.,
2016), with little changesBriefly, 0.5 mL of aqueous solutions of LE (1 mg/mio)which
2.5 mL of Folin Ciocalteu reagent solutigliluted 10 times in water) and 7 mL of 7.5%
NaCOs solutionhave been addeaverekeptat room temperature in the ddk 2 h. The
spectrophotometritest was performedwith a Cary 8454 UW:is (Agilent Technologies,
Woburn, Massachusetts, USA) at 735 nm. The calibration curve of gallic acuasedts
evaluatethe TPC which wasexpresseds the mean of twexperimentsand indicated as
mg of gallic acid equivalents (G per gram of dry extract (DE). The TPC walso
determinedor the dried deterpenated material (DM). In this case, 1 g of DM was extracted
with 10 ml of a 50% ethanol aqueous solutioran ultrasound bath, and 0.5 mL of the
supernatant were subjectedth® spectrophotometri@ssayin compliance withthe same

previous procedure. The results wegportedas mg GAE per gram of dry hemp (DW).
TFC

The TFC determination wasarried outby following the procedure bghen et al(2018)
with somemodifications.Specifically, 0.5 mL of LE solutions in watdd..5 mg/mL were
treated with 0.15 mL of NaN{0.5 M), with thefurtheraddition of 3.2 mL of 30% MeOH
and 0.15 mL of AIG&-6H20 (0.3 M)with stirring. After the addition ofl mL of NaOH (1
M) 5 min later, the absorbance of the tnrewasdeterminedspectrophotometrically at 506
nm. Rutin calibration curve (160000 ppm) wasealized and results wereeportedas mg

of rutin equivalents (RE) per gram of DBEM was extracted with a 50% ethanol solution in
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water also for TFCevaluation by operatingas for TPC analysis of DM. The
spectrophotometritestwasperformedas already described in this sectiand the data were
indicatedas mg RE per gram of DW.

Radical scavenging activity

The antioxidant activity waassesseth accordancevith Mustafa et al. (2018, by using
DPPH free radical In detail 4.5 mL of DPPH in EtOH (0.1 mM) were added to the aqueous
solutions of LE (0.5 mL), to be thenaintainedat room temperatura the darkfor 30 min.
Thetestwascarried outat 517 nmpy means ofhe same spectrophotometesedfor TPC

and TFC evaluation. The radical scavenging activity wakcated rdating to Trolox
calibration curve, as mgf drolox equivalents (TE) per gram of DEoncerningDM, the
same ethanol/water extracts wereduced as for the two previous spectrophotometric
assaysand then they weranalysedas explainedin the currentsection. The antioxidant

capacity was measured as mg TE per gram of DW.

6.2.6'H-NMR analysis of UM and DM

As a preliminary characterization, UM and DM were subjectedHdMR analysis.
Precisely 100 mg of ground samples weadded taB00 pL of CDC}, and thensonicated

for 10 min and centrifuged. Themupernatantvasinsertedin NMR tube, wiereashe plant
material was dried under nitrogen flpand therextractedagainwith deuterated methanol
and alsowith water, sonicated for 10 min and centrifuged. Also in these cases, the liquid
portiors were collected in NMR tubes aadalysed The spectra werprocuredusing a
Bruker Ultrashield Plus 400MHz spectrometer.

6.2.7HPLC-DAD-MS" analysis of LE, DM and UM

An Agilent 1260 chromatograph with an autosampler aDdB, interfaced with a Varian

MS 500 ion trap mass spectrometer, wesed to analyse phenolic compoundsnd
cannabinoids LE, DM, and UM of the 9 hemp commercial varieties. Forghantification

of flavonoids and minor compounds, the column was an Agilent Eclipse XDB C18 (3.0 m x
150 mm x 3.5 em), and the mobile phase was
acetonitrile (B).Initially, the gradient was 95% A, and in 30 nitiachievedl00% B, with

a flow rate of 0.4 mL/min. Dateollectionby DAD occurred n t he @& -40Gmmge o f
MS systenwasequippedwith ESI ion sourcewhich was employed in negative ion mode.

The MSconditionswereas follows spray chamber tempéuae, 45°C; needle voltage, 4700
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V; capillary voltage, 85 V,; RF | oading, 80
drying gas pressure, 15 psi; drying gas ten
1000 m/z range and d&romatograms wer@btained in the TDDS mode, generating
fragmentation spectra for the most intense ionic species. For the cannahimadidss an
Agilent XDB (4.6 m theusdd€tatiomary plkase5 Th® gragiem) of wa s
elution was performedith water 1% formic eid (A), acetonitrile (B) and methanol (C).

Gradient started with 30% A and 70% B, and in 20 mlaathed0% B and 30% C, and then

in 23 minit arrivedat 100% C,remainingisocratic up to 33 min. Datdetectionthrough

DADwasi n t he @& -40GhmdgESMDspecttalvére collected in positive ion mode

for the neutral cannabinoids, and in negative ion mode for the acidcMolecules were

identified based omm/zvalues andRT, and by comparison with authentic standards. F
guantfication, standard solutions in concentratibbetween0.1 and1 00 € g/ mL wer
preparedo developcalibration curves. For this purpose, CBD, CBDA, THC, aiktCA

were employedto quantify cannabinoids, while rutin and querce8O-glucoside for
phenolsamountdetermination. LE, DM and UM samples were finglifled and about 200

mg were weighted and extracted with 25 mL of MeO¥IH/0:30. The extracts were
sonicated in an ultrasound bath for 15 min and centrifuged, and then the supernatants were

placedin HPLC vialsfor the analyses

6.2.8Multivariate statistical analysis of EOs and UM

Principal Component Analysis (PCA) wesnductedn the compositions of EOs and UM
of the 9 commercial varietieyroughSTATISTICA software v. 7.1 (Stat Soft lta S.r.I.,
Vigonza, Italy). GCGFID and SPMEdata(secton 6.3.1) for terpenes, and HPL@sults
(secton 6.3.4) for polyphenols and cannabinoids weisedto build the score and loading

plots, by replacing thenissing valuesvith 0.001.

6.2.9Micromorphological analysis

A micromorphological survegf female inflorescences (bradsacteolesand inflorescence
axes)of each hemp cultivawas performed througlight microscopy (LM) and scanning
electron microscopy (SEM) tecordthe features ahe glandular indumentum. The samples
were collected at comparable anthesis phenological stagésasiten replicates per each
plant part wereinvestigated to assess the variability of the micromorphological
characteristicsThe trichome distributionvas qualitatively evaluatedising the following

symbols: {) missing, not observed in any of the replicates; () sporadic in no more than four
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replicates; (+) present in all the replicates; (++) abundant in all the replicates with a
distribution on theotd organ surface.

LM

The studiedfreshplant parts were preliminarily observed by LM using hanotisections.
Thehistochemical dyessed to characterize the chemical nature of the secretory products of
the glandular trichomesere Toluidine Blue as a general dyBeccari and Mazzi, 1966

Nadi reagent for terpengéPavid and Carde, 19¢4Alcian Blue for mucopolysaccharides
(Beccari and Mazzi, 1966and Ferric Trichloride for polyphenol&ahan, 198y Control
stainings were simtdneouslyperformed Observations werearried outunder a Leitz DM

RB Fluo optical microscopendowedwith a Nikon digital camera.
SEM

Small haneprepared segments of each plant part were -fiRéd for 7 days, dehydrated in
ascending ethanol series up to absolat#ical-pointdried, mounted on stubs and carbon
gold-coated. Observations wealleneunder a Zeiss® EVO MA15 SEMorkingat 10 kV at

the Interdepartmental Center for Electron Microscopy and Microanalysis Services

(M.E.M.A.) of the University of Florence (Florence, Italy).
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6.3 Results and discussion

6.3.1Analysis of volatilecompounds

Analysis of EOs yields

The yields of the EOs from thar®vestigateccommerciahemp samplegariedfrom 0.485%
in Pablito to 1.814% w/w in Amnesia Cookidsaple2?2). It is notablethat in literature, the
highestyield for hemp EQwas foundto be 0.60%Abdollahi et al., 2026), so the values
detectedin this work wereremarkablyhigher thanthose obtained for the EOs from the
certified European hemqultivars(Fiorini et al., 2019; Rossi et al., 2020he EO yield can
be affectedby severaparameterdike genetics, plant biomas®ndition environment and
climate, postharvesting,and dryingprocessesetc. For thisstudy, only nonpollinated
female inflorescences weexploited and thisfact could justify the significant EOs yields
obtained. lndeed pollination ofCannabigplants should bavoidedto assurdeO yields twice
as high as thoseomingfrom pollinated flowergMeier and Mediavilla, 1998 Some stress
conditions, such as the temperatuagiationscharacterizinghe harvesting perioaf the 9
varieties couldincreasehe productionof EO, being cannabinoids and terpesesretedis
plantdefenceagentqPate, 199% In addition the slow air drying inhedark, by protecting
the biomassagainst sun light, prevented timdlorescence$rom humidity and degradation
by microorganisms, with the consequeamnservationof the aroma and organoleptic

characteristicef each variety.

Table 22. GEFID analysis data for the 9 commercial varieties EOs and their yields (%)

Compound Hemp variety
Lemon Lemon
White Conti Conti Venom pablito 24K Fresh Amnesia Gorilla
Shark  Kush oG Mountain  Cookies Glue
Kush
New
(9/100 g)
Upinene 8.53 3.24 11.48 21.19 8.35 0.73 9.32 21.16 0.74
b-pinene 3.59 2.78 4.67 4.79 3.21 0.68 3.66 7.45 0.82
myrcene 20.28 11.14 17.13 10.57 12.56 8.12 27.46 29.23 7.16
limonene 9.17 5.97 3.38 4.28 3.30 4.18 4.10 2.20 6.79
1,8-cineole 0.07 0.13 0.04 0.07 0.03 0.02 0.04 0.04 0.02
(E)-b-ocimene 0.10 451 0.16 0.05 0.06 0.03 0.02 0.02 0.03
terpinolene  9.51 30.47 1.33 1.65 0.52 3.69 0.25 0.18 0.27
(B)-
caryophyllene 10.79 10.40 11.91 17.19 18.15 18.12 19.70 18.91 18.94
Uhumulene  2.96 3.04 4.46 4.64 6.82 5.35 5.51 8.57 4.86
caryophyllene
oxide 3.52 3.34 3.88 5.60 7.97 8.00 1.28 3.93 6.62
CBD 5.54 2.91 4.26 5.25 3.13 4.02 3.86 2.30 3.06
THC 0.13 0.09 0.10 0.13 0.12 0.12 0.12 0.20 0.20
Yields (%) 0.64 1.51 1.03 0.86 0.49 1.08 1.23 1.81 1.33
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GC-FID quantitative analysisof hemp EGs main constituents

The quantitative G&ID analysis results for the 9 EQsportedn Table22, evidencedhe
presence, as t h-pineneamymene, te@inoferenadtltaryophiyllend.
The highestamounto f -pirgéne wagoundin Venom OG 21.2 g/100 g), while Amnesia
Cookieswasthe richest in myrcene (29.2 g/100 g). The best concentratiterpinolene
wasdetectedn Lemon Conti Kush New (30.5 g/100 g), whil){caryophylleneachieved
the greatestcontenti n Fresh Mount ai n ( 1 9huniuleng,/ahd0 O
caryophyllene oxide werpresent inminor quantities than those obtained for the above
constituentgfor a maximum of 9.2 g/100 g in White Shark, 8.6 g/100 g in Amnesia Cookies
and 8.0 g/100 g i24 K). The other terpenes, namely-tiBeole and E)-b-ocimene, were
guantifiedat a very low level in all thetudiedEOs. CBD contentariedbetweer.3 g/100

g in Amnesia Cookieand5.5 g/100 g in White Shark EOs. It is wodpecifyingthat in all

the analysedEOs the THC content was within the limit of 0.20hich is far below that
establishedby EU regulation for industrial hengants(Table22).

GC-MS analysis of EOs

A comprehensive GBS analysis waperformedby means oftwo columns ofdifferent
polarity, namely HPSMS and DBWAX, to overview the chemical profiles of the 9 EOs.
The outcomesof the two analyses were comparable, confirming the presence of the same
main compounds in each variety. Interestingly, the morgpolar HR5MS stdionary phase
allowed tofind, for several costituents higher relative abundancies, with respect to those
obtained bythe more polar DBNAX column. For this reasonfable B showsthe
percentage values provided by the analgsmswvith the HRSMS column.

180

g)



Table 23. GEMS analysis results for the EOs of the 9 hemp commercial varieties

Variety
Lemon Lemon
White Gorilla Fresh Venom Conti Conti Amnesia
Pablito  Shark Glue 24K Mountain oG Kush  Kush New  Cookies
RI®  RIClit. RId RI®
HP- non- DB- lit.
N Componeng 5MS polar WAX polar % HP-5MS IDf
1 heptanal 901 901 1187 1184 0.9 0.3 0.2 0.2 0.2 0.3 0.6 0.1 trd RILMS
2 Uthujene 926 924 1028 1025 0.1 0.2 tr 0.3 tr RI,MS
3 Upinene 932 933 1026 1027 9.0 11.3 0.7 0.2 11.0 23.3 12.5 35 24.6 Std
4 camplene 947 946 1071 1063 0.1 0.3 0.1 0.2 0.2 0.4 0.2 0.1 0.3 Std
5 b-pinene 975 974 1114 1112 3.0 4.2 0.7 0.2 4.0 5.0 4.8 2.7 8.2 Std
6 myrcene 990 988 1164 1165 10.7 215 6.6 0.2 26.0 9.7 14.9 9.5 27.1 Std
7 Uphdlandrene 1004 1002 1169 1167 tr 0.5 tr tr tr 1.3 tr Std
8 U-3-carene 1009 1008 1153 1152 0.4 tr 1.0 Std
9 Uterpinene 1016 1014 1184 1193 tr 0.4 0.1 tr tr tr 1.3 tr Std
10 limonene 1027 1024 1203 1193 2.7 10.2 6.8 4.6 3.9 3.9 2.8 5.4 1.8 Std
11 1,8-cineole 1030 1026 1217 1212 0.1 tr 15 tr 0.1 0.2 Std
12 (2)-b-ocimene 1038 1032 tr tr tr Std
13 (E)-b-ocimene 1048 1044 1253 1252 tr tr tr 4.0 Std
14 o-terpinene 1058 1054 1250 1257 tr 0.3 tr 0.3 tr 0.1 1.0 tr Std
15 terpnolene 1087 1086 1288 1282 0.3 11.8 0.3 0.4 0.2 0.1 1.0 30.2 0.1 RIL,LMS
16 linalool 1099 1095 1547 1549 0.2 1.0 0.9 2.9 0.1 1.0 0.4 0.4 tr Std
17 endafenchol 1112 1114 1589 1582 0.2 0.8 1.7 1.0 0.8 0.7 0.6 0.4 tr RI,MS
18 trans-pinene hydrate 1120 1119 0.1 0.5 11 0.6 0.5 0.4 0.4 0.3 tr RI,MS
19 borreol 1164 1165 1711 1701 0.1 0.2 0.4 0.3 0.2 0.3 0.2 0.1 tr Std
20 Uterpineol 1189 1186 1703 1698 0.3 1.0 14 1.3 0.6 0.7 0.4 1.0 0.1 Std
21 hexyl isobutanoate 1192 1191 0.1 tr 0.3 RILMS
22 satvene 1393 1390 0.1 tr 0.1 tr RILMS
23 Ucis-bergamotene 1416 1411 1577 1577 0.1 0.1 0.2 tr 0.1 0.1 RIL,LMS
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

(E)-caryophyllene
Utransbergamotene
Uguaiene
Uhumulene
(E)-b-farnesene
allo-aromadendrene
o-muurolene
J-curcumene
b-selinene
valencene
Uselinene
b-dihydro-agarofuran
Ubunesene
b-bisabolene
b-curcumene
sesglicineole
zonarene
selina4(15),7(11)diene
selina3,7(11}diene
(E)-Ubisabolene
caryophyllene oxide
gudol
eudesmob-epi-7-epi-U
10-epi-o-eudesmol
o-eudesmol
p-eudesmol
U-eudesmol
eudesmol7-epi-U
bulnesol
Ubisabolol
eudsm7(11)4-ol

1420
1436
1439
1455
1457
1462
1478
1480
1487
1494
1496
1501
1507
1509
1512
1515
1522
1536
1543
1543
1584
1598
1606
1621
1633
1651
1654
1659
1668
1684
1697

1417
1432
1439
1452
1454
1458
1478
1481
1489
1496
1498
1503
1509
1505
1514
1515
1528
1544
1538
1544
1582
1600
1607
1622
1630
1649
1652
1658
1670
1685
1700

1612
1594

1685
1668

1736

1740

1734

1796
1780
2008
2100

2124

2201
2215

1612
1583

1667
1674

1734

1737

1727

1791
1784
2005
2103

2137

2196
2219

155
0.2

6.5
0.1
0.1

0.8
0.2
0.7
0.1
0.1
0.7

tr
0.1
0.3

1.7
0.8
7.5
0.4
7.6
1.7
3.1
4.3
0.8
6.0
8.6
tr

114

1.0

3.0
11

0.2

0.2
tr

0.1
0.1
0.1
tr
0.1
0.3

0.2
3.0
0.1
4.1
0.5
1.3
2.0
0.3
2.6
0.2
tr
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17.6
13
tr
4.7
1.2
tr
0.1
0.1
0.2
0.4
0.5
0.1

1.4
0.2
0.1
0.9
7.1
12.5

0.2
5.8
0.2
7.0
0.8
1.8
2.8
0.5
4.4
2.7
0.1

19.9
1.4

6.3
15
0.2

tr

0.1
0.1

1.9
0.2
0.5

1.8
0.5
9.7
0.4
10.2
15
3.4
4.7
0.9
7.2
8.4

16.0
0.4
2.8
4.7
0.2
tr
0.1

0.6

0.8

6.3
11

0.1
0.3
3.5
7.8

0.6
tr

tr
0.2

4.3
tr

171
0.7

4.9
0.6
tr

0.1
0.1
0.1
0.1

0.1
tr
0.2
tr
0.1
0.3

1.0
59
0.2
6.5
1.0
2.3
3.2
0.6
3.9
0.5
tr

10.7
0.9

4.1
0.8
0.2
0.1

0.5

0.8
tr

1.6
0.1
0.3

5.0
8.7

0.4
3.3
0.1
4.6
0.5
11
1.7
0.3
2.7
5.2
0.3

8.2
0.1

2.4
0.1
tr

0.6

0.7
tr

0.6

tr

3.4
6.4

0.1
2.1
0.1
3.1
0.3
0.7
1.1
0.1
1.7
1.9
0.1

15.3
0.1

7.6
tr
tr

13

0.1

11
tr

0.1

0.1
0.7

0.1
2.1
tr
3.0
0.3
0.7
11
0.1
1.7
tr

Std
RIL,LMS
RILMS

Std

Std
RILMS
RIL,LMS
RIL,LMS
RILMS
RILMS
RILMS
RIL,LMS
RILMS
RIL,LMS
RIL,LMS
RILMS
RILMS
RILMS
RILMS
RI,MS

Std
RI,MS
RI,MS
RILMS
RI,MS
RI,MS
RI,MS
RI,MS
RI,MS

Std
RI,MS



55 cannabidiol 2427 2430 0.2 0.6 0.2 0.4 0.5 1.0 0.5 0.1 0.1 Std
56 canrabichromene 2434 2440 tr tr tr tr tr tr tr tr tr RI,MS

Total identified (%) 96.07 97.51 96.13  95.42 98.13 96.63 93.80 96.47 98.42

aQOrder of compounds is according to their elution from thebNFS column.

b Linear retention index calculated using a mixture-afkanes (@ Cao) with respect to HBMS column.

¢ Retention index values fowon-polar columns taken from ADAM#Bbrary.

d Linear retention index calculated using a mixtur@-afkanes (@ Cso) with respect to the DBVAX column.

¢ Retention index values for polar columns taken from NIST 17 library.

f Peak assignment method: Std, comparison with an available analytical standard; MS, MS matching with those stored in ADEY&SVNIST 17 and FFNSC2 libraries; RI, comparison
of the calculated RI with those reported in ADAMS, NIST 17 and FFNSC2iksrar

9tr, traces (% < 0.1).
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Among mo n o 4pireng) rayrcens, and térpinolene were ati@@main constituents
detected in the EOs from the 9 commercial varieties. @alyom OGpresented}-pinene

as thepredominanterpene, ashown by GC-FID analysis. Irfact, this compundaccounted

for 23.3% of theentire chemicalcomposition followed by E)-caryophyllene (17.1%).
Myrcene was the pwalentconstituent of the EOs from Amnesia Cookies, Fresh Mountain,
White Shark, and Lemon Conti Kush (27.1%, 26.0%, 21.5%, and 14.9%valh tieprofile,
respectively), confirming the GEID results (Table 22). Besidesmyrcene, Amnesia
Cookies EO alsdisplayeda s i gni f i c-inene (A&%)ne @)-caryophylebe
(15.6%). In addition to myrcene, other abundanmgonentswere E)-caryophyllene
(16. 0 %)-pinena d11.0%) in Fresh Mountain, and terpinolene (11.8%); (
caryophyl | epnene (L1.3%) ahd@dimpnend (10.2%) in White Shark. Myrcene
wasf o | | o w-pimenel(12.5%) andEj-caryophyllene (10.7%) in Lemon Conti Kush.
Conversely Lemon Conti Kush New EQwas characterized byerpinolene as the
predominant component, accounting for 30.2% of the total composition, followed by
myrcene (9.5%). Tis EO also presentedhe highest content of terpinolene among all the
EOs, as shown by GEID analysisoutcomesDifferently from the previous ones, 24 K,
Gorilla Glue, and Pablito EOsspecially containedgesquiterpenes. Among thenig){
caryophyllene wathe prelominantcompound, irmgreementvith GC-FID evidencesince

it represented 9.9, 17.6, and 15.5% in the 3 EOs, respectively. It was followed 1epd 0
2-eudesmol (10.2%) and guaiol (9.7%) in 24 K, and by sdjiél1}diene (12.5%) and
selina4(15)7(11)diene (7.1%) in Gorilla Gluelf comparedto the other EOs, Pablito
included a more remarkabler el at i v e p ehisabelol t(8666k Regarfling U
cannabinoids, the onlgnesfoundin the 9 commercial varieties EOs were CBD @RIC.
While CBC waddetectedonly in traces in all the EOs, CBD content rangetiveen0.1%
and0.6%, except in Venom OG, whereaithievedl.0% (Table 3). The aboveeported
GC-MS outcomevidenced certain variability in the chemical profile of tsidiedEOS,
among each other and also, in some caseymparisorto those obtained by the certified
industrial hempultivars which gave origin to these 9 commereiatieties Indeed Pablito

EO showedthe prevalence oH)-caryophyllene and other sesquiterpenes, while its original
monoecious variety Santhica 70 wasscribedto be richer in monoterpenes, especially
myrcene, although its EO wasllectedby SD (Iseppi et al., 2019 24 K and Gorith Glue,
originated byCarmagnola CShowedsesquiterpeneasnd,in particular (E)-caryophyllene

as predominant constituents; notably, Carmagnola f&@n steamdistilled fresh

inflorescencepresented higher amount of monoterpenespecially myrcen@Nissen et
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al., 2010, but a moreonsiderabl€E)-caryophyllene and sesquiterpe@@sountwhenHD

of dry inflorescences waserformedPieracci et al., 2091Concerning-emon Conti Kush,
Fresh Mountain, and Amnesia Cookiegriving from Kompolti variety, aremarkable
abundance of myrcene and other monoterpenesegéasgeredn their EOs. Thigactwas in
accordance with some literatureports where Kompolti EO from died inflorescences
resultedio be richer in the same compoundgh respect tsesquiterpeng@almieri et al.,
202]). So, it may be deduced that such differences in teeurrenceof monoe and
sesquiterpenes in hemp E@gspearo dependon the extractio method and especially on
the plant material statudlotaldy, in some EOs from the 9 commercial varietissveral
sesquiterpenes structurally different froi)-Caryophyllene wrefound at noteworthy level
(Figure4l1). Among them, 1&pro-eudesmol and guaiol in 24 K, seliia’7(11}diene and
selina4(15),7(113di ene i n Gor i | bisaboldlinuRablito eonldibeied s o U
(Table 3B). These sesquiterpenes were cotnmonin hemp EOs from other studies. For
exanple, they wereabsenin Kompolti EO analysed bMovak et al(2001) while inBertoli

et al.(2010) selina3,7(11)d i e n e-bisaboldl weredentified but in amountower than
1%, like all the othedetectedninor sesquiterpenewithin Carmagnola EO.
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Figure 41. Chemical structures of the main sesquiterpenes in the 9 EOs
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Chiral GC-MS analysis of EOs

The EOs from the 9 commercialltivars were analysedalso trough chiral GGMS
techniqueoassess he enant i omer-picn @-pireferlimdnent, iinalool, o f
(E)-caryophyllene and caryophyllene oxide. This analysis coulduseful to detect the
origin of the EO samples bag on the enantiomeric ratio shown by the mi@rpenesin
this respect Table 24indicatesthe ratios within the enantiomeric pairs of these chiral
compounds Bot h t he @inemeand limonene wefeondin dll the varieties.

F o rpindéhe, the praalenceof the (+}form wasnoted whereasthe ¢)-enantiomec form
was the prdominantonefor limonene. No significant differences in the enantiomeric ratios
were obtained for these two cormamts among the 9nvestigatedvarieties. On the other
side -pimene and linalogbresented higher variability in thenantiomeric ratios. theed

in generalthe (+)e n a nt i cpmene washie m&in ongalthoughonly the €)-form was
presentin EOs from two varieties, namely 24 K and Gorilla Gléelditionally, the
prevalence of the (+¢nantiomer of linalool wagwvealed and it was the onligentifiedform

in Fresh Mountain, Gorilla Glue and Venom OG EOs. It is weptkcifyingthat the elution
order of the en-®nnie omEeiaaasibompliascewitt thatof
one of our previoustudies wherean identicacolumn was employe(Fiorini et al., 202D
Notably, (+)-Upinene and (+p-pinene, as the nw enantomers in the 9 EOs, were
indicatedto be endowed with antibacterial and antifungal propeftiaSilva et al., 201p
Regarding sesquiterpenes,EJ-caryophyllene and caryophyllene oxide waeadetected
exclusively in the {)-enantiomeric form (Tabl@4), asdemonstratedy anothemwork on
hemp EOs(Fiorini et al., 202D From ths evidence it can beconclude that the
enantiomeric ratio for the main volatile terpenes doedeautto a differentiaion of the
various hemp varietiegxcept for 24 K and Gorilla Glugthich exhibited the predominance
of ( T-bBypinene
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Table 24 Chiral GGMS analysis results for the EOs of the 9 commercial cultivars

Variety Enant. %
Upinene b-pinene limonene linalool (E)-caryophyllene caryophyllene oxide

():(4) (1):() ():(+) ():(+) (1):() ():()
White Shark 11.6:88.4 70.9:29.1 93.5:6.5 8.4:91.6 0:100 0:100
Lemon Conti Kush 4.9:95.1 78.4:21.6 92.4:7.6 6.9:93.1 0:100 0:100
Lemon ,\?é’vrv‘“ Kush 3.2:96.8 66.4:33.6 91.4:8.6 34.8:65.2 0:100 0:100
Pablito 1.6:98.5 84.8:15.2 90.4:9.6 12.3:87.7 0:100 0:100
Fresh Mountain 7.8:92.2 74.6:25.4 93.0:7.0 0:100 0:100 0:100
Amnesia Cookies 2.9:97.1 88.6:11.4 74.1:25.9 28.2:71.8 0:100 0:100
24 K 7.0:93.0 0:100 97.4:2.6 2.8:97.2 0:100 0:100
Venom OG 4.6:95.4 81.0:19.0 87.9:12.1 0:100 0:100 0:100
Gorilla Glue 7.9:92.1 0:100 97.4:2.6 0:100 0:100 0:100
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SPME-GC-MS analysis of UM

The UM of the investigated hemp commeratailtivarswasevaluated for therganoleptic

and aromatic features throu@PME technique coupled to @@S. Theanalysedvolatile
constituentdelonged to the monoterpene and sesquiterfraotons and, among
pinene, myrcene, terpinolene, and)-Caryophyllene represented the maomponents
(Table 25. Myrcenewas thegpredominantolatile of Pablito (35.2%), White Shark (44.6%),
Fresh Mountain (39.2%), and Amnesia Cookies (37.2%) variettggirming the results
from GGFID and GGMS analysesf EOs.Terpinolene was the masignificantcompound

in Lemon Conti Kush New UM (24.1%), and, to a minor extent, in White Shark (17.1%), as
describedoy the previous analyses on E@®®gardingsesquiterpenes, 24 K, Gorilla Glue,
and also Venom OG and Lemon Conti Kysksentedigher levels of E)-caryophyllene
(50.3, 43.8, 36.5 and 25.7%, respectively).alecordancewith EOs GGMS analysis
outcomes selina3,7(11}diene and selird(15),7(11)diene werefound especially in
Gorilla Glue UM (10.0 and 6.3%, respectively) and, in minor amounts, imhé&onti Kush

and Lemon Conti Kush New (Tab®5). Concerningsesquiterpenes, literatuirormation
suggested that a mountain environment conttice their production, in particularg)-
caryophyl themlene, amddothed minor ones, such as s8lind1)diene
(Giupponi et al., 2020 In thementionedstudy, Kompolti dryinflorescencesultivatedin a
mountainous areaand analysedwith DVB/CAR/PDMS fiber, as in tis work, were
characterized byignificant contentsof the above sesquiterpenes, witdspect to those
recoveredirom lowland plants. In contrast to our reseafictdings the almost complete
absence of ledfsequentcomponents, such as selina dieitésabolene and eudesmelype
sesquiterpenes, should Heghlighted in other publicationson SPME analysis of
inflorescences bydifferent hemp varieties, including Carmagnola and Carmagnola CS
(Bertoli et al., 2010)However theusedDVB/CAR/PDMS fiber wasdentifiedas themost
performing forextractng volatile constitientsfrom C. sativainflorescencegPellati et al.,
2018).

188

t



Table 25.SPMEGC-MS analysis results for UMf the 9 commercial varieties

Lemon Conti

Fresh

Gorilla

Lemon Conti

Amnesia

No Compound Kush Mountain 24 K Glue White Shark  Venom OG Kush New Cookies Pablito
%

1 Uthujene tr 0.2
2 Upinene 14.4 10.7 15 1.4 12.0 3.6 2.0 18.3 12.4
3 camphene 0.2 0.2 tr 0.1 0.2 0.4 0.2 0.2
4 b-pinene 6.1 6.8 6.4
5 myrcene 21.3 39.2 18.3 15.0 44.6 31.8 15.9 37.2 35.2
6 Uphellandrene 0.6 0.9 tr 0.3
7 Uterpinene 0.2
8 limonene 3.8 3.8 6.2 8.3 11.0 8.2 5.4 1.8 5.9
9 p-cymene 0.1
10 (2)-b-ocimene 0.1 0.1 1.1 5.5 1.2
11 o-terpinene 0.3 0.4 0.2
12 p-cymenene 0.2
13 terpinolene 1.7 1.0 5.2 2.7 171 13 24.1 tr 9.2
14 cis-ocimenol 0.2
15 copaene 0.1
16 aristolene 0.1
17 fenchol 0.1 0.2 0.4 0.1
18 butanoic acid, hexyl 0.2

ester
19 Uterpineol 0.3 0.1 0.5 0.6 0.4 0.3 0.4
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

ylangene
Usantalene
trans-U-bergamotene
b-caryophyllene
Uguaiene
Uhimachalene
(E)-b-farnesene
b-bisabolene
ahumulene
aromadendrene
b-eudesmene
Ufarnesene
U-selinene
valencene
U-guaiene
b-sesquiphellandrene
U-cadinene

trans-U-bisabolene

selina4(15),72(11)
diene

selina3,7(11}diene
guaia3,9-diene

Total identified (%)

0.3
0.2

25.7

2.3

0.2

7.1

0.3

0.6

0.1

0.1

0.1

1.9

51

7.6

99.7

231

3.6

1.7

51

0.7

0.1

5.8

1.6

0.3

3.0

100.0

0.3

0.9

50.3

0.4
3.2
10.6
0.2

2.1

99.9

0.4
0.4

43.8

2.2

7.4

0.5

0.4

6.3

10.0

100.0

tr

10.9

1.9

0.2

0.1

99.8

0.1

36.5

0.4

8.0

0.7

0.3

0.3

990.8

0.1

22.8

5.6

0.6

0.4

2.4

52

7.9

99.8

23.0

9.0

13

0.4

11

0.6

0.3

99.7

218

6.5

0.7

11

1.8

2.6

0.4

100.0
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6.3.2Spectrophotometric analysis of LE and DM

The twoHD by-products, namely the water and plant biomass remaining in the round flask,
werecollected,and treated to obtain LE a¥M, asdescribedn secions6.2.3. and6.2.5

LE and DM, obtained by the 9 commercial varieties, vesauatedor theirTPC and FC,

and also for the antioxidant activity in order éstablishtheir pdential reutilization in
pharmaceutical, nutraceutical, and cosmeceutical applications. In $ipectelable 26
reportsthe results of the spectrophotometric assaysied outon the LE. The lowest and
highestTPC and TFCwere r@gisteredin Fresh Mountain and Lemon Conti Kush New,
respectively (between 40.4 and 72.2 mg GABE for TPC, and from 18.2 to 46.3 mg RE/g
DE for TFC).In addition the DPPH radical scavenging activity of t&hgedfrom 90.3 to
143.0 mgTE/g DE in Fresh Mountain and Venom OG, respectively. Considering the studies
on the antioxidant capacity of E&pproved hemp water extractSrlando et al.(2020)
recordedTPC, TFC,and DPPH values of 21.2 mg GAB/gc 7.1 mg RE/gractand 14.9
mg TE/gxwacs respectively, for Futura 75 freedeied aqueous extract. As another example,
a TPC value of around 55.0 mg GAE4g.wasfound by Gunjevic et al(2021)for the
lyophilized extracfrom the residual water after Monoica hemp EO distillatioterestingly

the TPC, TFC, and DPPH levels, for all the 9 varieties oftinentwork, were much higher
than thosebtainedby Orlando et al(2020) The TPC values for only Fresh Mountain and
Lemon Conti Kush LE were lower than tragtectedoy Gunjevic et al(2021) as well.
Notably, the TPC and TFC levels for LE obtained from allshediedhemp varieties (apart
from Fresh Mountain), wemarkedy above thoseeported fomqueous extracts of mulberry
fruits (39.6 and 18.5 mg GAEJgactfor TPC and TFC, respectively), that are wealbwn
andappreciatedor their antioxidant capacitfMustafa et al., 20292

Table 26.TPC, TFC, and DPPH radical scavenging activity results for LE of the 9 commercial varieties

Variety TPC TFC DPPH

(mg GAE/g DE) (mg RE/g DE) (mg TE/g DE)
Lemon Conti Kush New 72.18 46.30 142.33
Lemon Conti Kush 54.74 30.00 111.89
Pablito 66.28 41.63 135.33
Fresh Mountain 40.38 18.15 90.33
24 K 65.00 40.37 138.11
Venom OG 69.62 42.96 143.00
Amnesia Cookies 57.82 25.56 109.67
White Shark 62.69 30.78 115.89
Gorilla Glue 57.56 31.48 120.78
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As supposeddue to the high watesolubility of these comgnents polyphenols and
flavonoidscontentsand also the antioxidant activity in DMdble 27 resulted to be lower
than thoseof LE. Nevertheless, DM could still represempotential source of phenolic
constituentsresponsible for preventing oxidati@@amaging effects. The TPC values were
in the range 15-23.9 mg GAHg DW, achievingthe minimum and maximurtevel in
Lemon Conti Kush and Venom OG DM, respectively. In the case of TFC, the nesudis
between 8.3 mE/g DW in Amnesia Cookies and 22.0 mg RE/g DW in 24 K, while DPPH
scavenging activityangedfrom 24.1 to 41.7 mg TE/g DW in Fresh Mountain and Venom
OG, respectively. For comparative purposes, the same spectrophot@ssdrsvere also
carried outon the dry inflorescences of Carmagnola CS, Santhica 70, and Kompolti that
were extracted with an ethanehter 1:1 solution. As a result, the 9 commercial varieties
showed anricreased’PC, TFC, and DPPH profilith respect tdhe values obtained for
the orginal certified ones (Tabl27). Theseoutcomeswvereverified by literature data: for
example André et al.(2020) reporteda total phenolic content between 4.7 and 16.5 mg
GAE/g DW for methanol:water extracts from Santhica 70 dried infloresceincaddiion,

Dr i ni I(2018)found TPC values from 9.3 to 17.1 mg GAE/g DW for Helena aerial
parts extracts (50% ethanol in water). This solvent:water rahach was alscselectedn

this research toperform the tests,ensuredthe best extraction efficiency for phenolic
constituent§Dr i ni | e.tBasmglon the pdvidéds/ilence LE and DM from the 9
hemp commerciatultivars could represenvaluableproducts potentially explable for
their antioxidanteffects Notabl, LE, currentlyconsideredas a waste fathe distillation,
represengavaluable product to be used from an industrial perspective.

Table 27. TPC, TFC, and DPPH radical scavenging activity results for DM of the 9 commercial varieties

Variety TPC TFC DPPH

(mg GAE/g DW) (mg RE/g DW) (mg TE/g DW)
Lemon Conti Kush 15.51 12.58 25.07
Pablito 16.31 13.58 36.84
Fresh Mountain 16.13 10.33 24.11
24k 23.00 22.00 39.07
Venom OG 23.90 20.08 41.67
Amnesia Cookies 15.82 8.33 26.62
White Shark 18.10 13.58 34.40
Gorilla Glue 20.28 16.92 38.62
Carmagnola CS 9.54 3.25 13.04
Santhica 12.36 4.33 10.22
Kompolti 15.10 6.50 15.56
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6.3.3'H-NMR analysis of UM and DM

To assess multiple possibilities to extract valuable compounds fesidual biomass
deriving from EO distillation, the'H-NMR approach wagmployed as a first general
attempt, to establisthe observablechanges in compositionefore and afteHD of the 9
hemp varieties. For this reason, UM and DM were useary out'H-NMR experiments
and samples wemxtracted usingolvents in sequence with increasing polarity. As a result,
UM chloroform extracpresente@¢annabinoid acid forms, UM methanol extrashoweda
limited amount of phenolics and sugars, while UM water exttactainedsugars Figure
42). On the otherside DM chloroform extractwas characterized bthe presence of
cannabinoids, but CBDA wasostly decarboxylagd, beingransformednto CBD (Figure
43). DM methanol and water extradtecludeda limited amount of phenolics. Thus, the
preliminary investigation byH-NMR revealed that DMwith respectto UM, showed
decarboxylated cannabinoidsing potentially usefuks starting material for thecovery

of these bioactive phytoconstituents.
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Figure 42'H-NMR spectra depicting the composition of UM chloroform, methanol, and water extracts
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Figure 431H-NMR spectra depicting the cannabinoids profiles of UM and DM chloroform extract

6.3.4HPLC-DAD-MS" analysis of LE, DM and UM

The HPLCDAD-MS" analysis of flavones in the 9 commeraiatietiesallowed to identify

11 commnents namely luteolin, apigenin, quercetin glycosides, and the hepszxific
flavonoids cannflavin A and B. Furthermore, also the lignanamides cannabisin A and B were
foundand quantified. These compounds have been previously identified mainly in the seeds
and araecgnised asnarkers for hempChen et al., 20)2UM presented largéifferences

in the contentof these 11 phenolic derivatives. Among them, luteolin glucuronide was
detectedn a larger amount (more than 7.0 mg/g in Pablito UM and 4.2 mg/g in Lemon Conti
Kush UM). Considering the sum of all the phenolic and lignanamide derivatives, Pablito
UM presented these mstituentan higheramounts, accounting fonore than 12.0 mg/m

total. RegardingOM, a generateductionin the content of the 1quantifiedcompounds was
noted probably due towater dilavation during theHD process. Nevertheless, DM still
includeda significant amount cdlomephenolicsInterestingly not all the ompounds were
dilavated during EO distillation, such as cannflavins, presenting low water solubility, that
were quantified in mequivalentamount in UM and DM of most of the varieties. On the
otherside glycosidic flavonoids, such as luteolin glycosidesutin, which are in general

more soluble in water at high temperatures, were less present in DM than ifalb28).
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LE was characterized ksignificant amounts of phenolic compoundslifle29). Very high
contentsof rutin have beedetectedn Venom OG, White Shark, 24 K, and Lemon Conti
Kush LE. Othercultivars for example Fresh Mountaimpresentedonly a limited
concentration (0.3 mg/g) of rutin. Vitexi 8G3glucoside wagoundin asignificant amount

in Venom OG (5.0 mg/g), Lemon Comitush (3.5 mg/g), and 24 K (3.2 mg/g). As expected,
cannabinoids in LE were presatnegligiblelevels because atheir poor water solubility.

UM and DM were alsinvestigatedor their cannabinoigrofile, and results aneesumedn
Table30. As previouslyshownby the preliminarystudy by 'H-NMR, all the varieties, as
supposedwere rich in acidic forms of cannabinoids, particular CBDA. The cultivar
Pablito presented CBGA as the mssgnificantcannabinoid. Vergcarceamounts of THC
hawe been detected, and thighestievels were all below 0.2 mg/g. Comparing toatens

of cannabinoids in UM and DM, most of the CBDA has been converted to CBD in DM.
Indeed DM exhibiteda larger amount of CBDwith respecto the corresponding UM, due

to decarboxylatioprocessand conversion of CBDA in CBD. The cannabinoids levels were
considerabljhigherthansomevaluespublished on Finola and Futura variet{fsvlovic et

al., 2019, and they were comparable with those of otlerks indicatingthe amount of

CBD in several hempultivarsgrownin Slovenia(Glivar et al., 202]
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Table 28 HPLC-DAD-MS" characterization of flavonoids in UM and DM from the 9 varieties

Compound Variety

. Lemon Conti Lemon Conti . . Fresh Amnesia

White Shark 24 K Kush Kush New Pablito Venom OG Gorilla Glue Mountain Cookies
UM DM UM DM UM DM UM DM UM DM UM DM UM DM UM DM UM DM

mg/g

cannabisin A 0.18 0.02 0.07 0.02 0.25 0.03 0.58 0.06 0.01 0.57 0.02 0.86 0.12 0.03 0.01 0.05 0.08
cannabisin B 0.38 0.12 0.05 0.05 0.12 0.14 1.35 0.23 0.02 0.82 0.08 0.81 0.13 0.02 0.004 0.54 0.12
'”teo“mﬁ;lr;z)i(gj'deo' 072 005 005 005 016 003 063 003 050 003 066 012 051 002 018 0.38  0.06
rutin 0.53 0.04 0.30 0.02 0.33 0.03 0.33 0.06 0.07 0.11 0.51 0.03 0.27 0.04 0.03 0.03 0.21 0.03
luteolin-hexosidehexoside 0.16  0.04 0.12 0.04 0.13 0.02 0.06 0.03 0.50 0.02 0.15 0.06 0.04 0.02 0.01 0.18 0.06
vitexin 2"-O-glucoside 0.12 0.03 0.12 0.05 0.09 0.02 0.17 0.04 0.30 0.07 0.29 0.03 0.15 0.02 0.17 0.04 0.05 0.03
apigeninhexosideglucuronide 0.20 0.06 0.15 0.03 0.17 0.54 0.06 0.02 0.12 0.03 0.18 0.03 0.13 0.46 0.16 0.04 0.13 0.02
luteolin 7-glucuronide 277 0.56 3.11 069 4.18 0.12 2.58 0.99 7.26 1.49 3.52 0.30 3.10 0.12 143 0.29 2.00 0.30
apigenin 7glucuronide 0.94 0.27 0.46 0.13 0.67 0.07 0.23 0.20 0.21 0.37 0.02 0.15 0.37 0.07 0.48 0.13 0.63 0.14
cannflavin B 0.89 0.88 0.72 0.75 0.67 0.43 0.36 0.9 0.51 0.56 0.58 0.42 033 025 0.34 051 0.35 0.43
cannflavin A 1.13 1.38 2.08 2.66 0.38 1.92 1.46 2.43 2.15 2.87 0.53 0.74 1.35 1.41 0.97 1.3 0.68 0.16
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Table 29 HPLC-DAD-MS" characterization of flavonoids in LE from the 9 varieties

Compound Variety
whieShark 24K _otern LSO paio Ve ol | P e

(mg/g)
cannabisin A 0.33 0.39 0.22 0.30 0.57 0.11 0.33 0.33 0.12
cannabisin B 0.71 2.57 2.37 0.35 3.03 3.57 0.30 0.22 0.18
luteolin-C-hexosideO-rutinoside 0.23 1.18 0.51 0.50 1.48 1.39 251 0.22 0.32
rutin 7.93 7.93 8.79 0.35 5.63 12.18 0.75 0.30 0.58
luteolin-hexosidehexoside 0.21 0.20 0.49 2.35 0.21 0.34 0.21 0.38 0.21
vitexin 2"-O-glucoside 0.29 3.19 3.48 0.63 0.55 5.01 0.40 0.57 0.37
apigeninhexosideglucuronide 1.12 0.79 1.43 0.32 1.84 1.21 0.79 0.46 0.32
luteolin 7-glucuronide 0.05 0.30 0.20 0.27 0.22 0.05 0.29 0.34 0.22
apigenin #glucuronide 0.22 0.07 0.04 0.27 0.23 0.22 0.31 0.23 0.08
cannflavin B 0.05 0.04 0.08 0.23 0.09 0.16 0.12 0.06 0.20
cannflavin A 0.24 0.19 0.15 0.27 0.12 0.20 0.62 0.20 0.24
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Table 30. HPLEDAD-MS" characterization of cannabinoids in UM and DM from the 9 varieties

Compound Variety
White Shark 24K Lemlngs(h:onti L?S;? ’\Cllgvr\:ti Pablito V%ng m GglrliJILa Fresh Mountain  Amnesia Cookies
UM DM UM DM UM DM UM DM UM DM UM DM UM DM UM DM UM DM
mg/g
CBDA 46.12 0.68 59.07 234 46.92 1.22 62.45 2.95 20.68 035 5370 145 6352 261 67.77 244 64.14 2.40
CBD 0.35 1.56 0.74 2.89 0.43 2.38 0.72 3.71 0.16 0.61 0.56 3.25 0.94 3.93 1.10 4.58 0.77 4.04
CBGA 211 0.46 3.07 0.43 0.99 0.41 0.54 0.32 23.50 050 3.25 0.41 4.91 0.45 3.26 0.42 2.24 0.43
CBG 0.13 0.16 0.28 0.12 0.11 0.82 0.26 257 014 0.58 0.17 0.93 0.05 0.48 0.14 0.85
CBN 0.44 1.13 0.35 0.11 0.38 0.13 0.04 0.14 0.08 0.33 0.07 0.08
THC 0.10 0.01 0.13 0.11 0.09 0.05 0.01 0.07 0.02 0.16 0.14 0.02 0.05
CBC 0.46 0.05 0.34 0.27 0.25 0.15 0.56 0.13 0.65 0.01
THCA 0.88 0.68 0.31 0.14 1.30 0.02 0.23 0.16 0.01 0.01 0.10 0.13 0.38
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6.3.5Multivariate statistical analysis of EOs and UM

PCA wasperformedo better visualize, within the 9 commercial varieties, the behaviour of
the main conpoundsascribedo the three studied fractions, namely terpenes, polyphenols,

and cannabinoids in the plam@terial(inflorescences).

The first PCA Figure 44A wascarried outo identify the correlation groups for terpenes
occurrencan EOs, basdon GGFID analysis esults. The plotsdicated53.56% of data
variability on the first principal component (PC 1), and 29.61% on the second one (PC 2).
The variance wasuemainlyto terpinolene and, to a minor extetat Jpinene and myrcene

on PC 1, antb (E)-caryophyllene and caryophyllene oxide on P@r2cisely Lemon Conti

Kush New variety was dfferentiatedby the high content of terpinolene, while Fresh
Mountain and Amnesia Cookies werestthiguishablef or t he si gni f-i cant
pinene and myraee. The othecultivars can be included ithe third correlation group,

characterized by the sesquiterpenesipn@nance

Another PCA (Figure 4B) wasrealizedon terpenes relative abundances obtained by SPME
analysis of UM, confirming the clustering ofetlirst PCA conducted on EOs.deed data
variability, accounting for 58.38% along with the first PC and 24.03% along with the second
one, was againaused y t e r p-pimenel, amaneyrcen&Jamong monoterpenes, and by
the sesquiterpendc)-caryophyller. So, the 9 varieties were groupsate reflecting the
trend observed in the first PCA.
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Figure44. (A) Representation of PCA score and loading plots reporting hemp varieties and components found in the 9
EOs. (B) Representation of PCA score &atling plots representing hemp varieties and volatiles obtained by SPME

The third PCA was performed on terpenes, polyphenols, and cannabinoids fractions
simultaneously (Figure 45), employing data referring to the dry biomass weight. In this case,
PC land PC 2 showed 92.89% and 4.75% of variability, respectively. The data distribution
was influenced especially by CBDA on the first PC and CBGA on the second PC. Pablito
cultivar was identified as the one with the highest content of CBGA, and, on theidiher

the CBDArich cluster contained most of the studied varieties, namely Fresh Mountain,
Gorilla Glue, Amnesia Cookies, 24 K, and Lemon Conti Kush New.
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Figure 45.Representation of PCA score and loading plots describing hemp varieties and thetsarhtarpenes,
polyphenols, and cannabinoids
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The last PCAregarekd exclusively the polyphenolic profile of the 9 commercial varieties
UM (Figure46). The plots represented 78.49% of the variation in PC 1 and 8.95% in PC 2.
On the first PC, the data variability waectedmostly by luteolin glucuronideyhichwas
prevalentin the Pablito variety; on the second PC, cannflavin A emerged as the main

phenolic compnentin 24 K and Fresh Mountain.
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Figure 46.Representation of PCA score and loading plots representing hemp varieties and the main polyphenols in UM

To summarizethe 9 hemp commercial varieties were clustered, by means of PCA analyses,
on the basis of volatile compounds abundance, and also phenols and cannabinoids content.
Concerning the aromatic profile, apart from Lemon Conti Kush New, characterized by
terpinobe ne preval ence, t he c-pineteimyreenegch, and@d d be
caryophyllenerich ones.Regardingpolyphenols and cannabinoids, Pablito was one of the
most promising varieties, because it was marked by the higlesbunt of luteolin
glucuonide, and also of CBGA. For this reason, it presemtgmbrtant differencesvith

respect to the other cultivars, in which CBDA wasdprainant

6.3.6Micromorphological analysis

The pistillate flowers ofC. sativaare grouped into pairs in crowded, short pauciflore
inflorescences at the axillae or terminals of branches. The flower, subtended by a bract,
consists of one unilocular ovary and of two elongated, hairy stigmas. A-dhampeéd
bracteole surrounds the badehe ovary, a typical characteristic of the family Cannabaceae.
The micromorphologicahvestigationon thestudiedcultivars involved bracts, bracteoles,

and inflorescence axes. Within the same varietyinthementunieatures proved consistent
acrosshe replicates, as regards trichome morphotypes, distribution pattern, and density on

theanalysedlant partsin all thestudiedhempcultivars the plant epidermis was densely
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covered by amndumentunmadeof different trichome morphotypesT@ble 31; Figure 47-
49).
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Table 31. Distribution pattern of the glandular and-gtamdular trichomes in the investigat€dsativavarieties

Plant part Trichome ) Lemon Conti Fresh Amnesia . . Lemon Conti
24 K Gorilla Glue . . Pablito White Shark Venon OG
morphotype Kush Mountain Cookies Kush New
hair-like lithocysts ++ ++ + ++ ++ + ++ ++ +
bulbous ++ ++ ++ ++ ++ ++ ++ ++ ++
bract
capitatestalked ++ ++ ++ ++ ++ ++ ++ ++ ++
capitate sessile + + + + + + + + +
hair-like lithocysts ++ ++ + ++ ++ + ++ + +
bulbous + + + + ++ + + + +
bracteole
capitatestalked ++ ++ ++ ++ ++ ++ ++ ++ ++
capitate sessile ++ + ++ + ++ ++ + ++ ++
hair-like lithocysts + + + ++ ++ ++ + + +
inflorescence bulbous + + + ++ ++ ++ + + +
axis
capitatestalked + + ++ ++ ++ ++ + ++ ++
capitate sessile + + + + + + + + +

Trichome distribution: (+) present in all the replicates; (++) abundant in all the replicates
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Figure 47.SEM micrographs showing the trichome morphotypes in the investiGatealtivavarieties. (a) General view
of the bract abaxial surface with hiike lithocysts, capitatstalked, capitatsessileand bulbous trichomes; (b) short hair
like lithocysts; (c) long hailike lithocysts; (d) particular with groups of capitatlked and bulbous trichomes; (e, f)
capitatesessile trichomes; {g) capitatestalked trichomes with diverse elongation degretie pseudsstalk; (1) bulbous
trichome. Scale bars = 100 pmka 20 um (1)
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Figure 48.SEM micrographs showing the trichome distribution pattern on bracts and bracteoles of the inveStigated
sativavarieties. (a, b) 24 K hemp variety: aded surfaces of bract (a) and bracteole (b); (c, d) Gorilla Glue hemp variety:
abaxial surfaces of bract (c) and bracteole (d); (e, f) Lemon Conti Kush hemp variety: abaxial surfaces of bract (e) and
bracteole (f); (g, h) Fresh Mountain hemp variety: &dssurfaces of bract (g) and bracteole (h); (i, j) Amnesia Cookies
hempvariety. abaxial surfaces of bract (i) and bracteole (j). Scale bars = 200 u#);(@56 um (b))
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Figure 49. SEM micrographs showing the trichome distribution pattern on bracts and bracteoles of the inv@stigated
sativavarieties. (a, b) Pablito hemp variety: abaxial surfaces of bract (a) and bracteole (b); (c, d) White Shark hemp variety:
abaxial sufaces of bract (c) and bracteole (d); (e, f) Venom OG hemp variety: abaxial surfaces of bract (e) and bracteole
(f; (g, h) Lemon Conti Kush New hemp variety: abaxial surfaces of bract (g) and bracteole (h). Scale bars = §)0 um (a
200 pm (h)
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Hookedhair-like lithocysts were observed on the bract, bracteole, and inflorescence axis
surfaces. They were simple and unicellular with an acute apex; the cell diameter was
progressively smaller from the base to the apex (Figdje The cuticle was smooth in
Venom OG (Figurd7), and characterized by micropapillae, sometimes lacking on the basal
cells, in all the othenvestigatedrarieties. The overall length of this hair kiresulted to be
variable, being lower on the interveinal regions of bracts anddwmlas and higher along the
vein systems. Their distribution patterning and the composition of the cystoliths were
employedin the past in the forensic identification of marijugiaert, 2008. In previous
literaturereports glandular trichomes feveralmorphotypes were defined under diverse,
controversial terms over tim@rousseau et al., 2021; Casiraghi et al., 26zhpyana et

al., 2013;Mahlberg and Kim, 2004Raman et al., 20)7Hence an updat of trichome
termindogy would be highlyconveniento redefine the gland morphotypésowever the
current terminologyas beemdopedhereand, consistently with the critical considerations

by Casiraghi et ak2018) two main trichome groupsave beemecognizedThe first was
capitate, with a head made up 0fi8 cells arranged in a single disc and a multiseriate stalk
composed of 48 cell rows. The secretory head was surrounded by a broad storing chamber,
giving to the apex of each trichome a spherical shap&wlar rupture is often observed in
SEM micrographs, in the form of a detached cap or following a horizontal line of apparent
fragility in the diametrical region of the head. The stadkl avariable lengtlbecause ote
diverse elongation degree of thgidermal multiseriate stalk (pseudtalks) supporting it.
Therefore, the scalled capitatestalked glands and capitate sessile glands were grouped
together. They invariably eoccurred on the inflorescence axis, on hraotl especially on
bracteoles imall the analysedcultivars The second group was bulbous, with a- wori
bicellular head, a short, biseriate stalk andfad cell lying at the level with the epidermis
(Mahlberg and Kim, 2004 Their distribution on the surfaces of all tseamined plant parts

has been recordebh general neither the density rate, neither the distribution pattern of the
different types of trichomes representd@racteristicsvith diagnostic value for the varietal
recognition (Table1). However, the divese elongation degree and the variable diameter of
the pseudestalks of the capitatstalked trichomes appeared as micharacters useful in

the recognition of some examinearieties In fact, in Lemon Conti Kush and Lemon Conti
Kush New the pseudstalkappeared typically shorter and wider at the baigie respecto

the otherinvestigateccultivars Due to the densemdumentunand to the overall small size

of bulbous hairs, histochemical observatittmough light microscoy mostly involved

capitate glansl. Copious secretory products fully covering the head and the stalk of capitates
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werenoted They mainly casisted oterpenes, both for capitastalked and capitate sessile

hairs, assuggestedy the intense positive responses to the NADI reagent, witinar
polyphenolic fraction, asdicatedby the greefbrownish colorations after the application

of the FerricTrichloride stain Figure50). The bulbous hairs occasionatlisplayedfaintly

positive responses to terpenes and polyphenols. The cannabinoid production, however, takes
place mainly in the capitate trichomes, especially the stalked ones, as it was largely
demonstratedly gasliquid chromatographic evidence, by the idenéfion of the candidate
biosynthetic genefHappyana et al., 20),3and by CARS microscopfEbersbactet al.,

2018)

Figure 50. LM micrographs showing the results of the histochemical investigation on the glandular trichomes in the
investigatedC. sativavarieties. (gb) Capitatestalked trichome: Nadi reagent (a), Ferric Trichloride (bd)(€apitate
sessile trichome: Nadi reagent:f{feBulbous trichome: Nadi reagent (e), Ferric Trichloride (f). Scale bars = 20 um
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6.4 Conclusions

The newoutcomesof this workopened up new possibilitiésr the hempworking area. In
addition to the mosknown uses andipplicationsof hemp, its aerial partgspeciallythe
inflorescences, can be exploited to obta{d by HD, a niche, and valuable gifuct to be
usedespecially in thdield of perfumes and in agriculture as natural fmesttrol agent
although new applicatiorere yeto be evaluatedRegardinghe residual fractions aftéiD,
the aqueous extracesultedto be rich in phenoliconstituentsthus it can be a source of
antioxidant conpoundsused as an additive in food and cosmetibkreover the
deterpenated materialas revealedo still contain a importantamount of decarboxylated
cannabinoids,epresernng a valuable starting material for the extractiotheisecompounds
for the pharmaceutical market. The micromorphological and histochemeakigationon
the studiedhemp commerciatultivarsallowed, for the first time, testablish a connection
betwveen the hair morphotypes and their phytochemical profiles. Howeegher the
trichomes density rate, neither the distribution pattern on inflorescences represented features
with diagnostic value for the varietedcognition Only the smooth cuticle dhe hooked
hair-like lithocysts and the shorter pseudtalks of the capitatstalked trichomesvere
found to bevaluable for thalifferentiationof Venom OG and Lemon Conti Kush/Lemon

Conti Kush Newcultivars respectively.
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7. Novel and ecefriendly microwave and ultrasound extraction
technologies for recovering bioactive compounds fror@. sativa

7.1Work introduction and aim

As a versatile and multifunctional cropC. sativa shows a very complex chemical
composition made upfanore than 480 moleculeamong which especially cannabinoids,
phenolics and terpenesare of interest. Proper and effectiextraction, separation,
purification, and identificatioapproaches for these compounds are essential fofetggr
scaleindustrial developmentCertain terpenes and flavonoids are supposed to interact with
cannabinoids, and alter their effects, determining a great range of pharmacological activities
basingon the differentC. sativachemotypes. Due to the relevance of such phenolic and
terpenoid compounds for some industries such as pharmaceutidabdrones, theearch

and optimization of recovery methods for these constituents appear to be imfortaett

al., 202%). Cannabinoids, resulting from the condensation of phenolics and terpenes, are the
most knownCannabismetabolitesin particular because of the pharmacological properties

of the two main onesCBD, and THC. The latter is recognised asoft drug andlisplays
numerous side effects, included increased anxiety, cholinergic deficiencies, and
immunosuppressiorDrug-type Cannabisis widely used fortherapeuticand recreational
purposesand, gart fromits medicinal propertiethat are accepteand exploited in many
countries Cannabisis consumed by moehan 4% of t he.Recenthy,il 6s po
wascompletely or partially legalizéd some American nations, Soutfrica, and Australia,

and decriminalized in a few othstatesNevertheless his recreational useemainsillegal

in the majority of the countriesThus, extraction and utilization afonpsychotropic
cannabinoids, such as CBildother minor cannabinoids abeing supportedvalorising

the employmenbf nondrug typeCannabiscultivars historicallyusedespeciallyfor the
productionof high-quality natural fiber(Pattnaik et al., 2032In this respect, due to the
actualclimatic and economiconditionspushing towards the use of plant revaterials to

limit thedependency on petrochemiaidrived productsa renewed attention was shown in
industrial hemp, being endowed with bioactive secondary metabolites for pharmaceutical
uses Hempindustry generates many byroductsfrom both unutilized plant parts like
inflorescencs, seedsandresidues from defibration @xtraction such aslust, shives, and

seed meal. The presence of maigh addeevaluesubstances theseseveraby-products
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contributes toa multivalorisation of this crop (Isidore et al., 2021 Along with the
conventional solidiquid extraction methodsuch as maceratioor solvent extraction, a
broadrange of novel techniqudike MAE, ultrasoundassisted UAE), pressurizd liquid

(PLE), and supercriticalfluid extraction (SFE)are being developed for hemp
(Fathordoobady et al., 20L%or instance, MAEand pulsed electric fields (PEPBjior to

UAE were applied on defatted hemp seed ca&eproduce extracts and evaluate their
phenolics content and antioxidant activityeh et al., 201¢ In other works, &mp threshing
residue(Vagi et al., 202)) dust residuegAttard et al., 2018 aerial parts®r i ni | et
2021), inflorescencesMarzorati et al., 202)) andleaves and bud@voreno et al., 2020;
Rovetto and Aieta, 20)Tvere subjected tsupercritical CQ extractionand cannabinoids,
especially CBD, were quantified in the obtained extraaisthe same purposaressurized
propane,and dimethylether extractior{Moreno et al., 2020 and deep eutectic solvents
extraction (DES)(Cai et al., 201Pp were employed on hemffower buds and leaves
respectively.Moreover, a innovativeand still understudiednethod to recover phenolic
compounds from hemp iepresented byubcritical water extraction (SWEvhich was
applied on aerial part®(r i ni | @& UAEahd.MAE &2etadng the most versatile and
effective advanced extraction approaches, with strong advantages in terms of extraction time
and yields, solventuse, and reproducibility, with respect to thteaditional extraction
processedJAE encompasses two physical phenomena, namely diffusion through the cell
walls and rinsing the cell contents after walls break. A reduction of the plant material size
can enhance the number of cells exposed to cavitattuced by ultrasounds. They can
promoteswelling and hydration andeterminean enlargement in theell wall pores. This

will increasehe diffusion process arab enhance mass transfer. Due to the cavitation, the
disruption of plantellsoccurs(Azmir et al., 2013 Regarding MAE, this type ofdiation
canrapidly heat uphe matrix ifthe solventpossessea high dielectric constantvhich
measures the efficienag which the absorbed microwave energy cariraasformednto

heat inside a mateii when an electric field iapplied.Because othese constants values,
water results as the best solvent for MAE, and its additiather solvents commonlysed

for the extraction of plant bioactive mstituentscan increasetheir polarity indicesand

consequently he mi xt ur e 6 s (Cieopoulos etalr 20O constant

Besides terpenepplyphenolsand cannabinoidslsoproteins, lipids, antbtal dietary fibre
are abundant componentsGnsativa especially in its seedslemp can be considered as an
alternative oil crop to the most conventional ones, sudoysean, rapeseed, cottonseed,
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sunflowerseedand peanutin fact, it contains a relatively high amount of lipids (alieiit
35%, w/w). Hemp seedalsoincludeall essential amino acidaccounting fol20-25% of
proteins Moreover,20-30% of its dry matteris represergd bysaccharides, and 4115% by
insoluble fibre(Farinon et al., 2020 Hemp seeds haveeendemonstrated to possess a
significant nutritional value and positive effects againstcardiovascular and
neurodegenerative dieders as well as cancgn particulardue to their essential fatty acids,
especiallylinoleic (omega3) andUlinolenic acid (omeg#®), oftenpresenin a favourable
3:1 ratia In addition,hemp seeds are also mterestingsource of highly digestible protein,
that can be suitablef human ané&nimal consumptioVonapartis et al., 20)5Notably,
Finola hemp variety is a Finnish cultivar, the first registeasdan oilseed cropand
particularly suitable to produce seeds. It is the shortest cultivar, with a very fast flowering,
and low productionof THQL an| ar i | o v).8ngeneral dhieemand BoBugtdinable
and renewable sources of proteins igaising, especially because ofthe negative
environmental impact of animal proteproduction,and the growing vegetarianism and
veganism trendsThus,eccinnovative technologieto obtainvaluable proteins from by
productsof plant origin are being increasingly developetthirough a zerdood waste
approach, aiming at ensuringcasteffective, sustainableand environmentally friendly
productionPoj i I ex al ., 2018

On this basis, theesearch work carried out during my PhD abroad period at Teagasc
Agriculture and Food Development Authority and University College (UCD) in Dublin,
Ireland, was focused on UAE and MAE of Finola hemp inflorescences by employing an
UAE probe system and an BAMAE pilot scale extractor, without using organic solvents,

for the recovery of phenolics, cannabinoids and proteins. The extracts were collected, the
aqueous fractions were separated from the hemp solid residues, and both wewdriedeze
separately, tahen perform the analyses, with respect to conventional extraction and raw
hemp. Ethanol was added to a portion of aqueous extracts resulting from probe UAE, to
facilitate protein precipitation, and the obtained precipitates were evaluated as well.
Specifcally, cannabinoids and phenolic compounds were quantified through {BROG

MS" analysis. For proteins, their percentage amount was deterthimoedh a Leco nitrogen
analyzer and themé most promising extracts were characterized in terms of free amtho
(FAA) profile. The data were statistically processed through Principal Component Analysis

(PCA) and cluster analysis. The extracts were also evaluated througlSL@rotein
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analysiswhich is still in progress. The hemp residues after probe UAE wérpced to
SEM to observe the treatment effect on the samples surface.

7.2 Materials and methods

7.2.1Plant material

Finola hemp inflorescencegrovided by a farmer of Newrow, Co. Kildare, Irelameere
cultivatedin a2.5 hectares(acresfield, thatwasploughedandsownshallowlyfor planting
hemp The field was characterized bypap arableandslightly alkalinesoil. As fertiliser,
about 100 units of nitrogeB0 unitsof phosphorusand 60 unit®f potassiunper acrevere
spread. Hemp was plantedearly May, in order toavoid the risk of frost in Ireland and
harvested in late Septembéto irrigation was needed, due to regular rainfalls usually
occurring in IrelandHemp air drying was carried out slowly into a shedabout12%

moisture

7.2.2Moisture content evaluation

Moisture content of hemp inflorescences was assessed according to AOAC method 930.15
(AOAC, 2009, by using a hot air oven, at 135 °C for 2 h. Moreover, for confirmation, a
LECO TGM 800Thermogravimetric Analyser was employed for the same purpose. The
obtained moisture content accounted for 13%.

7.2.3Ultrasound and microwave extraction

Finola hemp dry inflorescences were milled, and 40 g of biomass were soaked in 800 mL of
distilled wate for 30 min and then subjected to UAE, by using an ultrasonic generator
(UIP1000hdT, Hielscher ultrasound technology, Germargufe 5) connected with a 1.8

cm diameter probe (20 kHz) and immersing 2 cm of the probe in the mixture. The mixture
was sorntated for 10, 20 and 30 min, at 20 and 100% ultrasound amplitude level,at 4°C
respectively Then, another set of experiments was carried out by UWAEBE, and
simultaneous ultrasourndicrowave extraction (UMAE), by employing a pHstale
equipment model E200 (Idco SAS, Marseille, FranEgure 53. Precisely, 50 g of milled

hemp inflorescences soaked in 1000 mL of distilled water were treated for 1@orking

at 200 Wof ultrasound 1000 W ofmicrowave, and both ultrasound and microwave at the
same time. As conventional experiments, hemp inflorescences and water in the same ratio
were subjected to a stirring extraction for 24 h at 22°C. Each extracésmperformed in
duplicate, and the obtained mixtures were filtered with a muslin,daththen centrifuged
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through a Thermo Scientific SorvalE LYNX 6000 superspeed centrifuge, at 8000 x g for

20 min, at 4°C. As a result, the aqueous and solid residheee separated, weighted and
frozen at-20°C before freezdrying in a L300 Continuous Pro Modular, Buchi,
Switzerland. A fraction of aqueous residues from ultrasound probe (USP) and conventional
extractions (100 g) was not directly freeze dried bueddd EtOH (1:3) and kept overnight

at 4°C, in order to facilitate proteins precipitation. Then, the mixtures were centrifuged at
10000 x g for 20 min at 4°C, and the precipitates were separated from the ethanolic solution
and freezearied.

Figure 51. D00hdT UAE system with a detail of the probe

Figure 52. Ultrasoundhicrowave assisted extractor E200 with a detail of the reactor
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