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Abstract:

Nu

Effects of] jon with varying barrel temperature, moisture content and screw speed on

d

hempseed Oil ®8Ke were studied for the first time. Extrusion at lower moisture (30 %) and

higher scr: ed (300 rpm) significantly increased the proportion of free polyphenols,

WY

flavon henylpropionamide content, and a-glucosidase and acetylcholinesterase

inhibition gactivities. Full factorial design confirmed the three-way interactions among all

§

extrusion p ters for all chemical assays with the bound phenolic fraction, total flavonoid

content a

O

inhibition activity of the free phenolic fraction. HPLC-DAD-ESI-QTOF-

MS/MS afialysis tentatively identified 26 phenylpropionamides, and the contents of N-trans-

§

caffeoyltymamineg(66.26 pg/g) and total phenylpropionamides (85.77 ng/g) were significantly

{

increased rusion at the lower moisture and higher screw speed extrusion conditions.

U

The higher a-glugosidase inhibition activity at higher screw speed could be due to the N-

A
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trans-caffeoyltyramine (» = 0.99, p < 0.01), while the AChE inhibition activity appeared to be

influenced more by the cannabisins A-C, M (> 0.8, p <0.01).

I

Keyword cholinesterase; glucosidase; hempseed oil cake; HPLC-DAD-ESI-QTOF-

MS/MS; polyphenol.
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Practical A cation

Hempseed o1l cake is a by-product of oil extraction, with high protein and high fibre contents.

The resulm research could be used directly in food industry to improve the nutritional

and comrrgma! value of hempseed oil cake by extrusion technology.

(O

1. Int
Seeds annabis sativa L.) have been grown and consumed in Asian communities

for around 10,000 years (Russo 2007). The last 20 years have seen the legalization to
D

Departrﬂriculture 2018). However, only the highly unsaturated hempseed oil has

been extensively gtilized in the food industry. The demand for the by-product after dehulling

process aruoi ss extraction, also known as the oil-press cake, is significantly low despite

cultivate h d at low (< 0.3% w/w) tetrahydrocannabinol (THC) levels in Australia,

New Zeal 1 the United States (Food Standards Australia New Zealand 2017; US

its richne tein (~ 30 %), fibre (~ 46 %), and fibre-bounded polyphenols (Leonard et
al. 202<)mposition of oil-press cake allows its potential application in formulation
of various food products, such as expanded snacks, bread and meat extender, or animal feed
(Pojic et al. 2015). Thus, utilization of this by-product will reduce the waste generated from
hempseed processing and provide value to the food industry. Our recent review has
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highlighted the unique polyphenol profile of hempseed, of which are dominated by

hydroxycinnamic acid amides and lignanamides (Leonard et al. 2020a).

O

Hemps@dmigiamamides were first identified by Sakakibara et al. (1991) in the form of
cannabisim A, d C. Past research indicated cannabisin B and N-frans-caffeoyltyramine as
the major ropionamides in hempseed polyphenol extract (Chen et al. 2012; Zhou et
al. 2018)Wisin B demonstrated significant free radical scavenging activity and

promote(i;gic cell death in liver hepatoblastoma (HepG2) cells (Chen et al. 2013).

Other he namides, including cannabisin A, C, D and M, exhibited strong antioxidant
activities g DPPH assays similar to the positive control quercetin (Yan et al. 2015). Zhou et

al. (2018)m‘isolated one new lignanamide, cannabisin Q, and eighteen other known

compounds fr empseed, fourteen of which have significant inhibitory effects on the TNF-
o release fr: S-induced BV2 microglia cells, suggesting a protective mechanism against
neurod diseases. Collectively, these studies represent the growing interest in the

unique hempseed polyphenol identity and its biological activities.

O

Extrusifinuous process in which the material undergoing mixing, heating, shearing

and compissmn'nside the extruder barrel and a sudden pressure change when the material
exits the da hagat et al. 2019). Since the 20™ century, it has been extensively applied in
the manu of cereal based products, snacks, pasta products, texturized vegetable
protein{&at analogues. Most food manufacturers prefer starch-dominated ingredients
for extrusion, due'to starch’s expansion and gas holding property to make a desirably crunchy
product. However, previous studies have demonstrated the successful application of extrusion

for protein or fibre-rich food processing by-products, such as defatted almond powder in
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puffed snack, flaxseed meal in cereal bars and sesame oil cake in corn grits (Leonard et al.

2020b).

Mixed ﬁr& observed on effect of extrusion on the total phenolic content and

antioxid-ar!mty of extruded products. This may depend on the intrinsic nature of
ingredientsgandgprocess parameters. Xu et al. (2016) indicated that combination of low
temperatumigh moisture content accelerated the a-amylase activity in rice flour, thus
the releaSWd phenolic compounds. However, in another study to develop snacks from
hazelnut a@processing by-products, subjecting the materials at higher temperatures of
150-175°&sure high retention of polyphenols (Yagci and Gogus 2009). Dlamini et al.

(2007) re gnificant reduction in total polyphenols and antioxidant capacity of whole
and decomsorghum grains after extrusion. In contrast, extrusion of sorghum hull
increas phenolic content (Salazar Lopez et al. 2016). The increase in polyphenols

may be du release of bound form compounds from cell wall membrane, while the

decrease could be explained by degradation or polymerization of phenolic acids at high

temperatuS‘Leonard et al. 2020b).

To the beQ knowledge, no past research has been conducted to compare the phenolic
profile i ical activities between raw and extruded hempseed oil cake. In the previous
part of WL, we investigated the effects of extrusion on the fibre-rich, hempseed hull
(Leonard EOH). However, as detailed in the succeeding sections, the effects of
extrusion Q rotein-rich, hempseed oil-cake is distinct to that of the hull, even after
introducin parameter changes (e.g. moisture). Although hempseed protein fractions
(e.g. flour) have a lower phenolic content than hull and they have been applied in extruded
products in the past, the focus is often on its physical, sensory and snack-like properties (e.g.

4
This article is protected by copyright. All rights reserved.



colour, expansion index, flavour, consumer acceptance). Studies on the impact of food
processing technologies on hempseed polyphenol and antioxidant activities are extremely
limited.oH, the literature detailing the effect of extrusion on a-glucosidase (linked to
elevated afpe 2 diabetes and its complications; Joshi et al. 2015) and
acetylczo!mse (linked to progression of Alzheimer’s disease; Colovi¢ et al. 2013)
inhibition getivigics of any plant material is nearly absent. Thus, the main objective of this
study is toQ;gate the effects of extrusion technology on the phenolic profile, antioxidant
capacities enZyme inhibitory activities of hempseed oil cake. This may provide valuable
information for fod manufacturers on the combinations of extrusion parameters that led to

the greates olics retention. High performance liquid chromatography - diode array

detector d quadrupole time-of-flight mass spectrometry (HPLC-DAD-QTOF-

MS/MS) moyed to analyse the polyphenols of the processed hempseed by-product. In
additio ts of extrusion processing parameters, including moisture content, barrel
temperature rew speed, on the polyphenol profile and bioactivities were explored.

2. Materihnethods

2.1. MateD

Twent;& of hempseed (Cannabis sativa L.) oil cake (particle size ~ 500 um) was

purchachommercial Australian hemp producer. The chemical composition of the
cake, as detailed iythe company information, is: 30.5 % protein, 9 % fats, and 45.7 % fiber
(dominant]yd ble). The seeds were of CRS1 variety and grown in Westmoreland district,

Tasmania °E, 41.60° S) in the season of 2019. The cake was packed in opaque

aluminium bags and placed under cold (4°C) storage until extrusion.
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22 il
All che purchased from Sigma-Aldrich (Castle Hill, New South Wales,

Australit) pli@safalytical standard N-trans-caffeoyltyramine was purchased from Synlnnova

Laborator . (Edmonton, Alberta, Canada).

2.3. Experimen;al design and extrusion operation

The hem il cake was extruded using a co-rotating, twin-screw extruder (KDT30-II,

Jinan Kreg' Machinery Co Ltd., China) with settings provided in Table 1. Three operation

parameter, endent variables) were varied during the extrusion cooking: barrel

temperature moisture content (%) and screw speed (rpm). Minitab 19 software
(Minitab, PA ) was used to generate several experimental runs in accordance to the full

factori
in triplicas (n=3)

O

The specifaflons of the extruder include a rectangular die with an area of 2 x 5 mm?, screw

d re-arranged for presentation purposes (Table 1). All runs were carried out

length/ diaimeter gatio of 20:1 and a screw diameter of 20 mm. The barrel was divided into a

feeding z our controlled temperature zones set at 40, 60, 80/100 and 80/100 °C. This
was suppgan electric cartridge heating system and a water-cooling system. A control
panel Qset the final barrel temperature and screw speed, which also monitored the
die pressure and motor electric current. Feed moisture was controlled using a piston dosing

water pump (Lutz Jasco Piston Pump, Model: FEDOS ES) that could adjust the water feed
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rate and calibrate according to the moisture content of hempseed oil cake (12 %). After

preliminary trials, the extrusion barrel moisture working window for this material was very

moisture |

narrow. Lo:i<30 %) feed moisture led to die blockage, while higher (>40 %) feed

ure-less extruded product. Additionally, the extruded product was burnt
 E— ) )

and extre!ely hard (due to extreme loss of moisture) after extrusion at 120 °C, thus the

extrusion @mre window was set at 80 °C and 100 °C. The feed rate was kept constant

at 5.6 kg/h.

extruded samples were stored in the dark at refrigerated temperatures (4 °C)

until furth 1S.

Us

2.4. Extral¥ empseed oil cake phenolic compounds

1

2.4.1. Exfrad of free and bound phenolic compounds

a

The me eveloped by Wu et al. (2017) and Xiong et al. (2020), with minor

modifi

M

e used to extract the phenolic compounds from hempseed oil cake. About
35 mL of 80 % (v/v) methanol was mixed with 4 g of hempseed oil cake samples,

homogenise 0 rpm for two min) and shaken for two hours at room temperature under

Or

nitrogen . The resultant mixture was centrifuged (4500 rpm, 4 °C, 10 min) and

supernataf@if collected as the free fraction. The resultant supernatant were evaporated to

i

dryness_using a m@tary evaporator at 40 °C, dissolved in methanol and stored at -20 °C in the

t

dark until s. The residue was further boiled with 2 M hydrochloric acid at 100 °C

&

under nitrogen one hour in a closed container. The bound, clear fraction was partitioned

four r 50 mL ethyl acetate. The resultant ethyl acetate fractions were pooled and

A

evaporated to dryness using the rotary evaporator at 40°C. The dried sample was dissolved in

methanol and stored at -20 °C in the dark until analysis.
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2.5. Dew of total phenolic content (TPC) based on methanol-acid hydrolysis

The Folin#@i@@alfeu method reported by Singleton & Rossi (1965) was used to determine the
TPC of thes%e extracts with minor modification. Briefly, 60 uL of free or bound phenolic
extract WQ thoroughly with 750 pL 10% Folin-ciocalteu reagent and 600 uL 7.5 %

(w/v) sod agbonate solution. The absorbance of the mixture was determined at 765 nm

5

using a mScientiﬁc Multiskan GO Microplate Reader (Thermo Fisher Scientific,
Victoria, Australia). Results were expressed as mg gallic acid equivalents (GAE) per g

sample or@asis. The sum of free and bound phenolic content was determined as the

TPC. m
2.6. DZ of total flavonoid content (TFC) based on methanol-acid hydrolysis

extraction method

L

The TFC mple extracts was determined in accordance to the method by Zhishen et
al. (1999) ight modification. An aliquot of 150 pL of free or bound phenolic extract
was m@er with 45 uL of 5 % sodium nitrite solution and 10 % of aluminium
chloridm 600 pL of 0.5 M sodium hydroxide, then absorbance measured at 415 nm.

Results were eX;ssed as mg catechin equivalents (CAE) per g sample. The sum of free and

bound fqontent was determined to be the TFC.

2.7. DPPH radical scavenging assay
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The DPPH ((2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay was adopted (Thaipong

et al. 2006) with minor changes. An aliquot of 100 pL of phenolic extract was mixed with

{

900 uL of working solution, shaken for two hours in the dark, and absorbance checked

at 515 nm

[
using the

ntage DPPH inhibition rate was determined at 1 mg/mL sample extract

USCII

DPPH Inhibition (%) = (1 — M) x 100
blank
Where Asamp;ne absorbance of the sample and Ay 1S the absorbance of the solution with

the extradll rdpladed by methanol. The DPPH inhibition percentage for each of the whole

a

solutio red by combining equal volume of free and bound phenolic extract.

M

2.8. ABTS@adical scavenging assay

[

The ABT] @ zinobis-(3-ethylbenzothiazoline-6-sulfonate) radical scavenging assay was

determinedgi e modified method of Thaipong et al. (2006). 100 uL of phenolic extract

n

was m 00 pL of ABTS working solution and the absorbance determined at 734

{

nm. The e ABTS inhibition rate at 1 mg/mL sample extract was determined using

U

an equationssi r to DPPH assay (Section 2.7).

A

2.9. a-glucosidase inhibitory activity
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Determination of a-glucosidase inhibitory activity for the cake extract was carried out in

accordance to the principle by Telagari and Hullatti (2015) with several modifications. In the

96-well ndSO uL of 0.1 M phosphate buffer, 20 pL extract and 10 pL of a-

glucosida from rat intestinal powders (Sigma Aldrich 11630; 1 unit/ mL) were
 EE—

mixed. Tks mixture was allowed to incubate at 37 °C for 10 min. After incubation, 20 uL of

5 mM p-néffopi@ayl-a-D-glucopyranoside solution (pNPG; pH 6.8) was added to each well.

G

The mixture was incubated at 37 °C for 20 min, the reaction stopped by adding 50 pL of 0.1

S

M sodiu ate, and absorbance measured at 405 nm. The a-glucosidase inhibitory

activity was expr@ssed as % inhibition at 1 mg/mL sample extract using the formula:

Ll

(Asample - Asample background )

Inhibition % = [1 —
(Acontrol - Acontrol background)

Man

Where Agmpie 1S the absorbance of the test group, A ample backeround 18 the absorbance with pNPG

r

replaced , Aconrol 18 the absorbance with sample extract replaced by methanol and

A control back e absorbance with sample extract and pNPG replaced by methanol and

buffer respgeti . The a-glucosidase inhibition percentage for each of the whole solution

n

was ac ombining equal volume of free and bound phenolic extract. A commercial

{

anti-diabe acarbose at 0.1 mg/mL was used as the positive control.

Au

2.10. Ace inesterase (AChE) inhibitory activity

A modified Ellman’s Method was used to determine acetylcholinesterase inhibitory activity

in this study (Yan et al. 2015). An aliquot of 100 uL of 50 mM Trizma-hydrochloride buffer
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(pH 7.8), 20 ul sample extract solution and 20 pL. of AChE solution (from Electrophorus

electricus, Sigma Aldrich C2888, 5 unit/ mL) was mixed and allowed to stand in room

temperatur 0 min. Then, 40 pL of 3 mM 5,5’-dithiobis-2-nitrobenzoic acid and 20 pL

of 15 mM neiodide was added into each well, and absorbance recorded at 405 nm.
H I

AcetylchoISesterase inhibitory activity was expressed as % inhibition at 1 mg/mL sample extract and

calculated g e same formula as a-glucosidase inhibitory activity assay. A commercial drug of
treatment o itive decline in mild to moderate Alzheimer's disease, galanthamine, at 0.05

mg/mL w eddas a positive control.

-

2.11. HRLC-DAD-ESI-QTOF-MS/MS identification of phenolic compounds

HPLC—D@QTOF—MS/MS analysis was carried out with an Agilent 1200 series high
perfo mguid chromatography (HPLC) (Agilent Technologies, Santa Clara, CA, USA)
system att Agilent 6520 quadrupole time-of- flight (QTOF) MS/MS system with dual
sprayer electrospray ionisation (ESI) with a diode array detector (DAD). Separation was
executed Ma Synergi'™ 4 um Hydro-RP 80 A LC Column (4 pm particle size, 250 x
4.6 mm i @ diameter, Phenomenex Inc., Lane Cove West, NSW, Australia) with a

formic acid (A) and acetonitrile (B): 5 % B (0-10 min), 20 % B (10-45

60 min), 75 % B (60-61 min), 100 % B (61-66 min), 5 % B (66-70 min). A
samplem 10 pL was injected with a flow rate of 500 pL/ min. The MS parameters
were set @gen gas nebulization of 45 psi with a flow rate of 9 L/min at 325 °C,
capillary of 3500 V, fragmentor of 175 V, skimmer of 65 V, and dynamic range
mode from to 1700, in both positive and negative ionisation modes. The MS/MS was
set in auto mode, with scan range 60-1000 m/z and collision energy 15-30 eV. Every sample

was analysed twice in positive and negative mode separately. The samples were monitored at
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wavelengths 255, 280, 300, 320, 335, 370 nm by the DAD. The instrument control, data
acquisition and processing were completed with MassHunter workstation software

(Qualitativeﬁlysis, version B.03.01) (Agilent Technologies, Santa Clara, CA, USA). The

mass frag UV spectra (Amax) data of phenylpropionamides and lignanamides are
. H — ) .

derived frg past research (Moccia et al., 2019; Nigro et al., 2020; Zhou et al., 2018), and

identiﬁcatg carried out using MassHunter workstation software to compare the MS,

MS/MS fra s and UV spectra.

2,

2.12. HPLC—D;) quantification of phenolic compounds

Measurerr!nt of individual phenylpropanoids was performed with an Agilent 1260 Infinity II
Prime HP hed with Agilent 1260 series DAD (Agilent Technologies). The column
and condmvere the same as in HPLC-DAD-ESI-QTOF-MS/MS identification.
Phenylprop ides were semi-quantified with N-trans-caffeoyltyramine on a linear
regress area against concentration (R*> 0.99), due to the limited availability of
standards ﬂt al. 2018). Only compounds with consistent peaks and confirmed in both
positive aﬁve ionisation modes across all samples were quantified. Data was analysed

using Agi nLAB workstation (Agilent Technologies) and presented as a total sum of

free and bgnd fractions.

=

2.13.  Statisticallanalysis

Measuﬁre done in triplicate (n=3) and expressed as mean + S.D. Means between
treatments were Calculated and distinguished with Fisher’s least significant difference at 95 %
confidence interval using the general linear model in Minitab 19 (Minitab) (One-way
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ANOVA, two-sided). Pearson’s correlation coefficient (» value) and significance were

determined in Minitab 19.

T

O

3. ResultS"am@discussion

3.1. TPC

The TPC steed oil cakes in this study was in the range of 0.385-0.906 mg GAE/g
sample ( ; Table S1). It was within the range provided by Siano et al. (2018) for
hempseed flour a 0.744 mg GAE/g, but considerably lower than the range of 3.9 to 15.6 mg

GAE/g in ﬁhempseed kernel, as reported by Chen et al. (2012). The variability in the

observed uld be due to the differences in hempseed variety and extraction method.

Extrusionfat arameter combinations, significantly reduced (p <0.05) the total phenolic
and fla i tent of hempseed oil cake (Figure 1A). This effect was exacerbated at high
moismrezxtrusion condition due to the diluting effect of water. Similar finding was
reported by Korkerd et al. (2015) in extruded snacks made from high protein defatted
soybean M germinated brown rice meal. The high moisture and temperature during the

extrusion appears to accelerate degradation or polymerization among phenolic

compounds, which lowers its extractability in Folin-ciocalteu chemical assays. However,
increas&ture by 20 °C did not appear to further intensify the TPC loss in this study.
Future My attempt to alter the extrusion configuration, expand the range of screw
speed, moisture ind temperature change, without sacrificing the structural integrity and
acceptabili e food product. It should also be noted that although Folin’s reagent has
been wﬁ in TPC studies, it can interact with the protein in the sample. During
extrusion, protein also undergoes transformation in its structure (e.g. denaturation and

reaggregation into an insoluble complex) which could influence TPC values (Leonard et al.
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2020b). Furthermore, we proposed that the effect of extrusion on the TPC also depends on
the properties (e.g. polyphenol composition, material structures, rheology and heat

absorption! ﬁe raw materials, as an increased TPC after extrusion was observed in fibre-

rich hem in our other study (2.85 mg GAE/g in raw hempseed hull vs. 2.96-3.84

H
mg GAE/ !in extruded hull treatments; Leonard et al. 2021). This may also indicate that the

polypheno@a weaker bond with hemp protein than hempseed fibre.

2,

Althoughﬁ of hempseed oil cake was lowered, relatively low moisture (30 %)
d

extrusion the proportion of free polyphenols compared to the total phenolic content

(Figure IEEVidence on the biological activities and health properties of phenolic
compoun been relentless in recent years. These phenolic compounds are mostly
conjugatemcronutrients such as fibre or protein in plants. Therefore, liberation of
polypheno the food matrix during extrusion may improve its bioavailability and re-
balanc properties between small intestine and colon (Ribas-Agusti et al. 2018;
Tang et a!2020). While the TFC results followed the trend of TPC, only two runs (Runs 2
LTHSLM ﬁTHSLM), both characterized by the combination of low moisture and high

screw sp wed a higher proportion of free flavonoids relative to the total TFC

compared!o raw group (Figure 1A). This may suggest that flavonoids or its associated

chemicmmore sensitive to molecular changes induced by the extrusion process, or

that ﬂavoBe more resistant to breakage from the matrix than simple phenolic acids.

Details analysis_gn the changes in individual phenolic compounds are elaborated in section
3.7 an<

3.2. DPPH and ABTS radical scavenging assays

14
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The antioxidant activity of hempseed oil cake was generally reduced after extrusion, as

shown in the lower DPPH and ABTS inhibition activity in most extruded treatments

compared t unextruded one (Figure 1B; Table S2). This result might have the same
explanati uction of TPC and TFC after extrusion. It appears that combination of

high scre\! speed and low barrel moisture alleviates the loss in antioxidant activity. Higher

screw speggl magy promote the formation of antioxidative Maillard reaction products, such as
glucose/frgsine model, and release of polyphenols from food matrices (Gulati et al.,
2016; Le(w al., 2020b). This effect was amplified with the feed ingredients that are
proportionately Wgh in protein and carbohydrate. On the contrary, Altan, McCarthy and

Maskan :ﬁor‘ced a trend of decreasing antioxidant activity with increasing screw

speed (1 m) in barley-grape pomace extrudates. It is possible that the friction

generated fflu xtrusion increases the internal product’s temperature, therefore leading to

dl

phenol ese contrasting findings may be attributed to the different composition of

raw material higher pomace fibre in their study), extrusion parameters or antioxidant

1\

assays use

or

3.3. Invit e (a-glucosidase and AChE) inhibitory assays

1

Inhibiti hydrate-hydrolysing enzymes, such as a-glucosidase, has been employed

{

for treat delay of diabetes mellitus (Joshi et al. 2015). Unlike the trends displayed in

9

phenolic and anfloxidant assays, several extrusion runs recorded significantly (p < 0.05)

higher a- ase inhibition activity compared to raw hempseed oil cake (Figure 1B;

A

Table S3). ibition rates at 1 mg/mL for the whole fraction of Treatment 2 (LTHSLM)
and 7 (HTHSLM) samples were 29.53 + 0.67 and 28.35 + 2.46 %, respectively, as compared

to the unextruded treatment at 24.26 + 1.60 %. This gap was widened in the free polyphenol
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fraction (22.22 + 3.51 % in raw versus 30.56-34.66 % in extruded samples). It is likely that
the higher content of phenylpropionamides (Table 4) and proportion of free polyphenols in
these treat led to the observed results, which will be further discussed in section 3.7 and
3.8. Theruonal studies are required to investigate the a-glucosidase inhibition by
H
individuaIshenylpropionamides. Previous research about the effect of extrusion on enzyme
inhibitory g8say&yis very limited. There is one research reporting that extrusion (screw speed
120 rpm, Qe 12 %, barrel temperature 120 °C) improved a-glucosidase activity of
whole an ated grain corn (Gong et al. 2018). They attributed this activity to the free
polyphenoEite the lower phenolic count for the free fraction compared to the bound
fraction. Ee free fraction is combined with the bound fraction, an inhibition rate

around th of these two fractions is expected. This was observed in the present study,

particularmhigh moisture extrusion samples where the inhibition activity exhibited by
whole i ere not close to that of either free or bound fractions. Thus, we proposed
that the a- dase inhibitory activity post-extrusion relies more on the availability of
different phenolic compounds as shown in Section 2.5. At a significantly higher
concentrah ‘1 mg/mL), all hempseed oil cake samples still showed lower a-glucosidase
inhibitory than positive control oral drug acarbose at 0.1 mg/mL (Figure 1B).
Nevertheless, as the current findings suggest, optimization of extrusion parameters or the use
of simi&cessing technologies may enhance the anti-diabetic potential of hempseed
oil cake.Mr, a-amylase inhibitory activities were nearly undetected across all tested
samples (data noihown), which suggested that the potential anti-diabetic effect of hempseed

oil cake ne ¢ evidence support, such as animal models.
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ACHhE is an enzyme involved in the breakdown of the neurotransmitter acetylcholine, thus its
link to the progression of neurodegenerative diseases such as Alzheimer’s and Parkinson’s
(Colovic’eH 3). There are no records that display the AChE inhibitory activity of plant
extracts pan, although some hempseed lignanamides have shown AChE inhibition
in vitro-( ml., 2015). The results showed a more potent AChE inhibition by extruded
hempseed gil cake extract at low moisture and high screw speed compared to raw samples
(about 40Qus 30 % at 1 mg/mL) (Figure 1B). The differences in AChE inhibition
activity cw due to the different concentration of individual phenylpropionamides
present in the sample, which will be further discussed in Section 3.8. As no previous studies
have investj the effect of extrusion on AChE inhibition, this represents an area for
further re he data also show that at the same concentration, free and bound fraction
displayed {81 W AChE inhibition capacities, which is different to the a-glucosidase assay.
In gen jon, at low moisture and high screw speed, showed a potential to enhance
anti-neurode tion properties of hempseed oil cake. These activities were still far weaker
compared to the positive control drug of galanthamine. The high abundance of phenolic
compoun(s in the extract may interact and compromise its overall biological activities, in
comparis pure compound (Figueiredo-Gonzélez et al. 2018). Nonetheless, it still

shows the prospect of extrusion to utilize and improve the anti-neurodegeneration activities

of he essing by-products. It should be further noticed that hempseed oil cake

th

could b d as a food product and its human consumption would be a much larger

quantity comparifig with the intake of a drug. The weaker anti-neurodegeneration properties

Gl

of hempsee ake still have great potential to prevent the risk of the neurodegeneration

disease w le consume it as a daily food product.

A
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3.4. Contribution of extrusion parameters on the sample polyphenols and bioactivities

The quesign confirmed the general contribution (see F value) of each extrusion
parameter, esponses (i.e. polyphenols and their bioactivities) of the samples, from the
largest to the smallest: moisture content > screw speed > barrel temperature (Table 2). Higher

H
phenolic cmnd biological activities were more likely to be achieved at lower moisture

content a@er screw speed, suggesting a stronger interaction between these two

parametersgl s of two-way interactions, the strongest effect for moisture-screw speed
i

was displa PC/TFC/a-glucosidase inhibition in all fractions, temperature-screw speed
in antioxidant assays of most fractions, and temperature-moisture in AChE inhibition whole
and boun s (Table 2). The individual effect of changes in barrel temperature was not
as significant to the other two factors, although it was still involved in three-way interactions
with othefgpal ters in several responses such as TFC, DPPH and ABTS whole fraction.
Simila oisture content (20-50 %) appeared to be the more significant individual
param ared to screw speed (200-400 rpm) in explaining the variances in phenolic

content and antioxidant activities (DPPH/ABTS) of extruded green banana flour (Sarawong

et al. 201hs proposed that higher screw speed lowers the filled length of extruder,

torque ance time, thus the reduced degradation of phenolic compounds. This effect,

however, pletely nullified at high moisture content (50 %) due to enhanced shearing.
Specifi al energy (SME) refers to the work that the motor generates during
extrusion and calculation of SME has been performed to optimise the reaction
efficiency te and residence time of biopolymer blends (Calderdn et al. 2019). This is
particu eful in the context of food materials that contain high concentration of

bioactive compOfients (i.e. phenolics) prone to degradation and chemical reactions. Thus,
determination of specific SME in future studies may be useful to prove this proposal. The

present data was different to the conclusion made by Ma et al. (2018), who reported lower F
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value (contribution) for screw speed than barrel temperature or moisture on TPC and DPPH

inhibitory activity of extruded white ginseng root hair. It appears that formation of

{

P

antioxidatiy illard reaction products is more likely at higher temperature range (110-140
°C) and 1 isture (20-30 %) range used in their study. These differences are also

. . . . .
expected m extrusion studies due to the variety of extruder type, extrusion parameters, the

[

value rangggof thg parameter and raw materials used.

SGC

3.5. HPL SI-QTOF-MS/MS phenylpropionamides identification: hydroxycinnamic

U

acid a nd lignanamides

N

Up to 2 propionamides (hydroxycinnamic acid amides and lignanamides) were

tentativelylid ed using HPLC-DAD-ESI-QTOF-MS/MS in extruded hempseed oil cake

a

(Table S1). Hydroxycinnamic acid amides were characterized by the linkage

between h innamoyl-CoA moeity and tyramine moeity. Lignanamides are derived

VA

from oxidative coupling of hydroxycinnamic acid amides, and have shown potent

F

antioxidan®§, anticancer and anti-inflammatory activities (Leonard et al. 2020c; Leonard et al.

2020d).

tho

N-tran ramine has long been identified as the major phenylpropionamide in
hempseed el et al. 2012). Our present study confirmed the presence of N-trans-

caffeoyltyrami ith [M-H] and [M+H]" ions at m/z 298.1079 and 300.1230, respectively,

and m he standard. Additionally, the [M-H]" MS? fragment at m/z 178 was likely

Al

derived from N-Ca bond cleavage, whereas the breakage of the tyramine moeity led to the

MS? fragment at m/z 135 (Nigro et al., 2020). On the [M+H]" mode, it is possible that the
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NH; loss after N-Ca bond cleavage led to the abundance of fragment ion at m/z 163. The
arylnaphtalene-t?e lignanamide, cannabisin A, showed [M-H] and [M+H]" ions at m/z

593.1962 aﬁ5.2066, respectively. Similar to N-trans-caffeoyltyramine, the breakage of

tyramine ight have given rise to the MS? fragment ions at [M-H]" m/z 430 and
W . ) o
[M+H] 432. The mass spectra of cannabisin F and grossamide was very similar, though
the additiwlmax of grossamide at 300 nm allows for tentative differentiation between
Z

the two ( al. 2018). Rac-sativamide A, a nor-lignanamide (lignanamide derivative),

S

was also ively identified with [M+H]" ion of 583.2061. The observed MS” fragments at
m/z 446 a@ould be due to cleavage of the tyramine moiety with (-165 Da) or without

(-137 Daﬁrbonyl group. Contrary to Moccia et al. (2019), [M-H] ions for rac-

sativamid fragmented in this study to present m/z 401 and 238, which could be due to
the differ@collision energy used. Additionally, several unnamed lignanamides were
detecte likely to be dimers of N-trans-caffeoyltyramine or other tyramine-type

hydroxycin cid amides (Nigro et al. 2020). These findings represent the vast landscape

of hemp polyphenols that are yet to be discovered and characterized.

3.6. HPLC@quantiﬁcation of phenylpropionamides in raw and extruded hempseed oil

cake !

HPLC- antification revealed N-franms-caffeoyltyramine as the most abundant

phenylpro@de in hempseed oil cake (Table 4). N-trans-caffeoyltyramine was also used
to quantif emi-quantify hempseed oil cake phenylpropionamides, because of the
unavailab{other standards. The range of N-franms-caffeoyltyramine obtained in this
study (9.9-85.77 ng/g) was comparable to the values reported in the hempseed whole meal at

0.0417-0.287 mg/g (Pojic et al. 2014), but significantly lower than whole hempseed at 25.08
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mg/g reported in another study (Zhou et al. 2018). Despite the lower TPC, extrusion runs 2

(LTHSLM) and 7 (HTHSLM) recorded significantly (p < 0.05) higher phenylpropionamides

compared hempseed oil cake. It is likely that phenylpropionamides are not as sensitive
to the Fol&;

’s reagent, more resistant to heat and shear stress than simple phenolic
acids, or gat the phenylpropionamides constitute a major part in the phenolic profile of
hempseedms affected by the changes in TPC assay. Other low-moisture runs (Runs 3-

LTLSLM -HTLSLM) also recorded statistically similar or higher content of several

S

major lig s than raw control, such as cannabisin A, B and F. It may explain the

higher A mhbitory values for some fractions of these runs (discussed in Section 3.3), as

U

some lignanamides possess higher AChE inhibition activity than the others although it is still

[

unclear if g ct is additive (Yan et al., 2015).

All pheny amides displayed significant (p < 0.05) correlation in nearly all fractions

NMa

for a- and AChE assays, though at differing » value coefficient strength (Table

S4). For mastance, N-trans-caffeoyltyramine displayed positive correlation of 0.99 for a-

f

glucosidas hole fraction, which was the strongest of all compounds including the

O

lignanami abisin B (0.968), cannabisin C (0.94) and other hydroxycinnamic acid

amides. THis may suggest the higher contribution of N-trans-caffeoyltyramine in explaining

f

a -glu hibition values compared to other compounds. However, N-trans-

{

caffeoyltyramindgand AChE inhibition values was not as highly correlated (0.714-0.783) as

U

several lignanamigles, such as cannabisin A (0.785-0.846), B (0.77-0.814), C (0.775-0.842) or

M (0. which may justify the results from Runs 3 (LTLSLM) and 8 (HTLSLM)

A

discussed earlier. It also appears that the overall correlation of phenylpropionamide-

glucosidase is stronger compared to phenylpropionamide-AChE, indicating that the
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phenylpropionamides may have a more dominant role in explaining the « -glucosidase
inhibition of hempseed cake samples whereas other non-phenylpropionamide compounds
may contri o the AChE results. Moreover, the proportion of lignanamides is higher than
hydroxyci id amides in samples with unfavourable extrusion conditions (high

. H _ .
moisture, SW screw speed), which was not observed in raw or run 2 (LTHSLM) and 7

(HTHSL\\Qples (Table 4). This may suggest that under these conditions,

hydroxycin acid amides are more prone to degradation due to its simpler structure, or

that a lessW;lymerization of monomers has occurred.

The curre investigated the influences of extrusion technology on the polyphenol
contents in hefpseed oil cake using a full factorial design. The total phenolic content and
antioxidant ities of the hempseed oil cake extrudate were not enhanced in all treatment.
Despit rusion, at relatively lower moisture content (30 %) and higher screw speed
(300 rpm) increased the proportion of free polyphenols/flavonoids, phenylpropionamide
content, a lucosidase and AChE inhibitory activity of the hempseed oil cake. This
added heaDﬁcial properties suggest the potential to utilize extrusion technology in the

manufact!ing of food products incorporated with hempseed oil cake, and provide valuable

informaWe industry on the retention of phenolics during extrusion. A total of 26

phenylpro des were identified and quantified/semi-quantified in the current study,
where higher lucosidase inhibition in low moisture and high screw speed extruded
sample be due to the presence of N-trans-caffeoyltyramine (» = 0.99, p < 0.01, whole

extract), while the lignanamides cannabisin A/B/C/M (r > 0.8, p < 0.01, whole extract) may

explain the higher AChE inhibition activity. The current study also found several hempseed

22
This article is protected by copyright. All rights reserved.



lignanamides that are yet been identified, suggesting the need for further study. Given the

potential health properties displayed by cannabisins and the phenylpropionamides they

e

contain, t need for more in-depth investigation in this area.

I
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(A) Total phenolic and flavonoid content of raw and extruded hempseed oil cake  (B) In vitro antioxidant and enzyme inhibition assays of raw and extruded hempseed oil cake
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Figure content and biological activities of raw and extruded hempseed oil cake

extract. The samples of raw and 1-8 refer to the samples in Table 1. All biological activities
(right) displayed at 1 mg/mL sample extract. ACA: acarbose at 0.1 mg/mL. GAL:
galanthanhOS mg/mL. All measurements done in triplicate (n=3). ‘*’ denotes
significant 0.05) higher value compared to raw, unextruded control.
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Table 1. Full factorial design for extrusion of hempseed oil cake and its runs

Factors Independent Units Actual values Coded values
Hiables
Min Max Min Max
A aximum °C 80 100
rature
H I
B Moisture % 30 40
ontent -1 +1
C ‘ S,few speed rpm 150 300
Runs Temperature Screw speed Moisture
Raw 9 ; - - -

1 80 300 40
(LTHSH

2 80 300 30
(LTHSL

3 80 150 30
(LTLSL

4 80 150 40
(LTLS

5 100 150 40
(HTLSHM)

6 100 300 40
(HTHSH

7 100 300 30
(HTHSL

8 100 150 30

h

(HTL

H: hig

Aut

: temperature; S: screw speed; M: moisture content.
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Table 2. Full factorial model for the contribution of extrusion parameters on the
responses (polyphenols and bioactivities) of the extruded hempseed oil cakes. F value
reflects the degree of variance between groups by each individual factor or interaction

factor. Mrs with p < 0.05 were displayed.
Response e A: B: C: AxB: AXC: BxC: AxXBxC:
Maximum Moistu Screw Temperat Temperat Moistu Temperat
Temperat re speed urex ure x rex ure X
N I gre content Moisture Screw Screw  Moisture x
s speed speed Screw
speed
Total < 165>8 - 862.79  109.14 6.88 109.93 62.28 -
TPC
m - < < 0.018 <0.0001 < -
0.0001 0.0001  0.0001 0.0001
Free TPC F 219;0 - 12269 163.32 14.51 68.06 61.37 -
1
@) - < < 0.002 <0.0001 < -
0.0001  0.0001 0.0001
Bound 6.67 207.97 2426 32.11 61.33 23.71 6.81
TPC
0.02 <0.001 <0.00 <0.0001 <0.0001 <0.000 0.019
01 1
Free/Bo 6.80 17533 1647  48.60 - - -
nd TPC
Distributi
on !
Dagms0:00  0.02 <0.001  0.001  <0.0001 - - -
Total F_100.13 - 463.05 127.64 - 24.01 53.33 27.82
TFC S
. - <0.000 <0.00 - <0.0001 <0.000  <0.0001
# I o1 I
Free TFC 2 - 1267.3 31871 11.80 20.54 203.61  14.23
1
<0.000 <0.00 0.003 <0.0001 <0.000  0.002
1 01 1

A
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Bound F 3152 - 117.48  37.13  14.61 17.54 6.90 25.39
TFC

i <0.W - <0.000 <0.00 0.001 0.001 0.02 <0.0001
1 01
Free/Bou @ ; 44645 6771 3645 ; 6041 -
nd TFC
on s
<00 - <0.000 <0.00 <0.0001 - <0.000 -
01 1 01 1
DPPH F 8108 - 448.13 29.72 4.82 19.27 15.44 46.68
Whole
<0.00 - <0.000 <0.00 0.043 <0.0001 <0.000 <0.0001
3 P 1
DPPH 57 - 2199.0 289.13 - 143.67 134.57 7.42
Free 7
: - <0.000 <0.00 - <0.0001 <0.000 0.02
1 01 1
DPPH 4 - 1772.6  120.96 436.06 150.26 - 385.04
Bound 8
p - <0.000 <0.00 <0.0001 <0.0001 - <0.0001
1 01
ABTS F 10045 9.17 615.63 17.81 648 31.68 - 21.84
Whole
h 0.01 < 0.001  0.02 <0.0001 - <0.0001
1 0.0001
ABTS 0 5.66 1570.1 43.10 28.47 91.64 - -
Free 2
£ 0.03 < < <0.0001 <0.0001 - -
wl 0.0001  0.0001
ABTS 30.90 350.51  4.69 82.22 27.51 5.37 64.54
Bound
p < <0.0001 < 0.046 <0.0001 <0.0001 0.03 <0.0001
20001 0.0001
a- 27 9.15 10514 24052 7.51 38.27 156.62 -
glucosida 4
se Whole
p < 0.008 < < 0.015 <0.0001 < -
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0.0001

a- F 173.88 37.70
glucosida
se Free

{

<0.0001

a_
glucosida
se Bound

crip

0.0001
AChE 6 52.22
Whole
; < ; <0.0001
.0001
AChE s 47.53 54.30
Free
<0.0001
1
AChE . 41.73
Bound
<0.0001

0.0001

0.0001

812.40

0.0001

68.43

0.0001

224.89

0.0001

227.42

0.0001

425.62

0.0001

0.0001

189.91

0.0001

13.68

0.002

13.39

0.002

32.55

0.0001

9.49

0.007

31.77

<0.0001

19.96

<0.0001

33.76

<0.0001

11.21

0.004

11.64

0.004

0.0001

126.20

0.0001

8.01

0.012

12.49

0.003

22.24

0.0001

8.01

0.012

10.64

0.005

7.24

0.016
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Table 3. HPLC-DAD-ESI-QTOF-MS/MS identification of phenolic compounds from extruded
hempseed oil cake

N Phenolic Tentagive Molec Retenti UV Theo Experi Err Mass R
o Class Mne ular on Ama retica mental or Fragments ef
Formu Time X 1 Mass  (pp
la (min) (nm) Mass m)
Negative m(ﬂe
1 Lignanam Ci;Hs, 26.8 285, 612.2 611.20 7.59 595 (100); 432 {1
ides ignana  N,0Oy 335 107 74 (10); 322 (4); )
ide 485 (3)
2 Lignanam med C;H;, 28.9 285  614.2 613.21 9.88 596 (100) @
ides m N0, 264 24 )
3 Hydroxyci CsHy; 269 322 3151 314.10 9.68 152 (100); 135 {1
nnamic caffe NOs 107 58 (90); 179 (45) i)
acid
amides
4 Nor- C Cy;3:Hs 312 285, 582.2 581.19 9.88 401(18);238(8) N
lignanami N,Oy4 360 002 80 /
de A
5 Hydroxyci CisH; 320 295;  299.1 298.10 0.13 135(20); 178 {1
nnamic NO, 320 158 79 (7); 148 (3); 162 )(
acid ) ii
amides )
6 Lignanam Cannabis C;H; 34.6 252 5942 593.19 6.64 430(7);485(2) (i
ides ln A N,Og 002 62 i)
7 ngnanam Cy;H;, 349 285, 596.2 595.21 7.96 433(6);486(3); (i
ides N,Oy4 335 159 27 269 (2); 434 (1); )
323 (1)
8 Lignanam CysH;i  36.6 330 509.2 508.20 5.98 313 (100); 312 {
ides in H NOy 050 01 (93); 461 (67) )
9 ngnanam CyH; 373 325  509.2 508.20 5.98 313(100);312 {1
ides NOg 050 01 (60); 165 (19); )
195 (16); 461
2) (16)
1 Hydrox ans- C;H;; 37.8 290  283.1 282.11 10.7 119 (47); 162 {
0 nnamic NO; 208 59 8 (20); 145 (17) i)
acid yltyra in
amides
1 Hydroxyei N- CisHiy  39.0 295s  313.1 31212 10.7 178 (42); 148 {1
nnamic feruloylty h; (34); 298 (33);
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N

N

N

acid ramine NO,
amides
Lignanam g3- C;sHsy
ides Myl N,Os
Qisi
Lignanam mis CssHay
ides sn N,Oy
Lignanam an is CzcHjs
ides in D Nzos
Lignanam is C;eHse
ides i Nzos
Lignanam CiHs;,
ides demethyl N,Oq
i
Lignanam Ebis Cs6Hag
ides in E N,Oy
Lignanam lsm Cs6Haig
ides is N,Oy
Lignana rossami  C,gHyo
ides NO,
Lignanam ,Condensed
ides hed
trilienanamide
Lignanam is CiHs,
ides N;Os
Lignanam §Cannabis C;4H;,
ides N;Os
Lignanar#na CisHsy
ides ﬁ N,Oy
Lignanam Cannabis C;sHjq
ides i N;Os
Lignanam Grossami C;sHjq
ides de N,Og
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41.1

43.3

44.4

44.6

45.3

46.7

47.1

48.3

50.0

51.8

54.3

55.0

55.4

318

285
330

285
330
330

330

340
360

290
320

325

315

285

290
318

285

285
330

285
322

285
300
h,

322

b

S

9

b

9

9

9

s
S

36

314

610.2
315

610.2
315

624.2
472

624.2
472

596.2
159

642.2
577

642.2
577

491.1
944

893.3
16

596.2
159

596.2
159

610.2
315

624.2
472

624.2
472

68

609.22
85

609.22
91

623.24
39

623.24
49

595.21
17

641.25
64

641.25
40

490.19
06

892.31
25

595.21
24

595.21
30

609.22
76

623.24
55

623.24
52

8.11

9.09

7.44

9.05

6.28

10.3

6.61

8.45

4.98

7.46

8.47

6.63

10.0

9.53

135 (17)

475 (d); 447 (4);
298 (2)

447 (8); 298 (5);
323 (5); 486 (4)

461 (9); 594 (2)

461 (21)

433 (32); 270
(5); 459 (4)

490 (37); 328
(13); 152 (10);
312 (10)

151 (100); 136
(19); 313 (18)
152 (14)

473 (100); 461
(68); 458 (28)

595 (31)

299 (100)

298 (100); 596
9

313 (100); 418
(35); 296 (32);
178 (11)

461 (19); 298 (4)
589 (3)

592 (11); 433
9); 461 (3)

@

@
i)

@i

ii

@

ii
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2
6

1

[,

Lignanam Cannabis CsHs; 55.6 285, 9353 93434 7.13 636 (100); N
ides inO N;Oq, 330 629 83 623(20); 799 (8) /
A
Positive mom
Hydroxyb @ C-HiO 24.0 290 122.0 123.04 8.45 77 (100); 95 a
enzoic Cic 2 368 37 (45); 82 (32) V)
L L e—
Lignanam named C;H; 26.3 285, 612.2 613.21 1.86 460 (100); 432 N
ides ignana  N,Oy 335 107 75 (46); 595 (35); /
ide 295(7); 187 (3) A
Lignanam med C;H;, 284 335 614.2 615.23 5.75 460 (100); 597 N
ides i a N0 264 08 (19); 432 (11); /
e 367(4);2953) A
Hydroxyci - CyH;; 264 294, 315.1 316.11 5.50 163 (100); 137 a
nnamic caffegy§lo NO; 315 107 69 as) i)
acid in
amides
Nor- C Cy3Hsy  30.7 285, 582.2 583.20 3.50 446 (30);121 @
lignanami  sati id N,;Og 360 002 61 (16); 418 (12) i)
de €
Hydroxyci - s- CyHy; 315 294, 299.1 300.12 247 163 (100); 121 {1
nnamic Ity NO, 320 158 30 (34); 145 (7) i)
acid e
amides
Lignanam annabis C;H;, 34.0 254 594.2 595.20 2.59 460 (100); 432 @
ides in A N,Oq4 002 66 (16); 187 (4); i)
s 295 (2)
Lignanam abis Cs;Hi;, 34.1 284, 596.2 597.22 0.90 460 (100); 432 {1
ides N,Oq4 336 159 33 (18); 187 (5); i)
295 (4)
Lignanam is CyH;  36.0 330 509.2 510.21 3.02 312 (100); 177 N
ides in H. 1 NOg 05 14 (80); 201 (59); /
462 (46); 355 A
e (43)
Lignanam is CyH;  36.6 330 509.2 510.21 3.21 177 (100); 312 N
ides in H. NOg 05 13 (62); 201 (51); /
355 (41) A
Hydroxyci ans- C;H;; 37.1 292 283.1 284.12 2.25 147 (100); 121 a
nnamic maro NO; 208 81 (26); 164 (1) i)
acid y in
amides e
Hydroxyci N- CisHyo 383 295s 313.1 314.13 3.63 177 (100); 121 {1
nnamic feruloylty NO, h, 314 82 (24); 145 (23) i)
acid
37
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amides ramine
Lignanam 3- C;sHsy
ides I demezyl N,Oy4

isi
Lignanam Q CssHy
ides o N:0y
Lignanam ﬁ)is Cs6Hag
ides ® N,Os
Lignanam is  CieHis
ides i Nzos
Lignanam 3'3- i Cs4Hs,
ides yl Nzos

i
!de
Lignanam Cannabis C;¢Hjs
ides NzOg
Lignana CiHas
ides abis N,0y
Lignana mi Cy,Hy
ides de K NO,
Lignanam Unnamed
ides deénsed
% anamide

Lignanam is CjiH;s,
ides in M N,Oy4
Lignana P ETMbis  CulHs,
ides 3 N,Oy4
Lignanam Iso a CisHiy
ides N;Oy
Lignanam Cannabis C;¢Hjq
ides inF N,Og4
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38.7

40.5

42.8

43.8

44.0

44.8

46.0

46.4

47.5

49.4

51.1

53.7

54.3

318

285
330

300
330
284
336

290
332

285
325

285
322

285
330

320

285

285
318

280

285
322

290
322

9

S

9

9

b

9

9

9

9

9

38

610.2
315

610.2
315

624.2
472

624.2
472

596.2
159

642.2
577

642.2
577

491.1
944

893.3
16

596.2
159

596.2
159

610.2
315

624.2
472

611.23
81

611.23
77

625.25
42

625.25

597.22
19

643.26

643.26
43

492.20
09

894.32
21

597.22
44

597.22
48

611.24
19

625.25
81

2.19

2.85

1.50

0.22

3.25

0.99

2.08

2.93

2.06

0.94

1.61

4.02

4.73

474 (100); 446
(18); 201 (5);
309 (3)

474 (100); 311
(61); 446 (16);

488 (100); 460
(20); 201 (5);
364 (3)

488 (100); 201
(5); 460 (4); 121
3)

297 (72); 434
(52); 323 (25)
460 (19)

462 (100); 325
(14); 177 (12);
201 (8)

462 (100); 177
(7); 338 (6); 325
)]

325 (100); 337
(50); 462 (41);
201 (19)

757 (70); 729 (4)

434 (33); 297
(32); 163 (6);
460 (6)

297 (63); 460
(31); 434 (18);
163 (6)

448 (43); 311
(22); 474 (8)

462 (100); 325
(95); 351 (32);
488 (10)

>z p T2z

@
i)


https://pubchem.ncbi.nlm.nih.gov/#query=C36H36N2O8
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AN

_N

Lignanam Grossami C;sHj;s 54.6 288, 624.2 625.25 3.93 488 (70); 462 G

ides de N,Os 304s 472 76 (24); 351 (21) i
h, )

I ) 318
Lignanam J@@mmabis CsHs; 54.9 285, 9353 93637 4.34 799 (100); 771 @i
ides @ N;O12 325 629 49 (27); 538 (11) i)

Reference'migro et al. (2020); (ii) Moccia et al. (2019); (iii) Zhou et al. (2018); (iv)
MoNA lVl§sBank; N/A: not available or other ionization mode is used.

C

Table 4. -DAD quantification of phenylpropionamides (hydroxycinnamic acid
amides a amides) in raw and extruded hempseed oil cake. All values expressed

in ng caffj mine equivalents per g sample and presented as sum of free and
bound fractions@Different letters in same row show significantly (p < 0.05) different

values.

Compouis Ra 1 2 3 4 5 6 7 8
(LTHS (LT (LTL (LTL MHTL MHTH HTH HTL

m HM) HSL SLM) SHM) SHM) SHM) SLM) SLM)

M)
HydroxycinnaEacid amides
N-trans- 66.
caffeoyltys 26
mine 85.77 34.08 74.68  54.92
0 1885+ = + 990+ 18.64 1695  + +

& 0.12"  041* 0.11° 0.07" +0.18" +0.18 026" 0.83¢

caffeoy“: 5.37

pamine 3 1.16 + + 182+ 064+ 091+ 086+ 421+ 276+
0.02"  0.08 0.07° 0.00® 0022 003 020° 0.24¢

N-tran 26.
36.02 22.11 30.71  24.46
feruloyltyra

14.80 + + + 812+ 17.12 1341 + +

mine + , . N . 4
0.13% 0.18*  0.06° 0.07" +0.11" +0.06 0.30 0.14
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N-trans-

t‘f’ >
o

coumaroyiy + 10.96 11.24
411+ + 698+ 242+ 390+ 335+ + 9.59 +
0.07°  0.04°> 0.08° 004 0102 0.04" 007* 0.22°

ramine

et
Total Lﬂs 3893+ 138.1 64.99 21.08 40.58 34.56 120.84 91.74
HCAA Q 0.33% 2+ +  +0.18 +024" = + +
0.58" 0.12° 0.18" 0.21° 137
‘5
d
Lignanamj
Cannabisis 5.6
A
C§ 430+ 721+ 550+ 277+ 425+ 381+ 658+ 750+
¢ 011  040°  024° 0.03 006 015 044° 0.06"
CannabE.
B
+ 13.60 10.28
Lﬂ 498+ 1580+ 796+ 328+ 427+ 430+ @ =+ +
Q 027° 025" 033% 0.10° 029 005 021° 074
Cannabisi
C 8 +
H 335+ 695+ 450+ 212+ 3.86+ 314+ 627+ 502+
s 01152  017° 0065 005" 012" 0.02¢ 023" 0.20°
Cannabisi:
D

10.52
739+ 12,17+ 898+ 451+ 859+ 7.01+ + 8.74 +
6°  0.095 005 0.03* 003 005 004" 004 007

A

It
o
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Cannabisin 5.5

E

{.

b

cis-

H_

Cannabisi 4

E

Q
Cannabisiw
F +

=
Cannabisic
° (O

OM
H Moo

M

0.1
IsocannabQ
™
Cannabisin ;s
O

0.0
Cannabisin 2.0

6+
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D

397+
0.06°

2.10 +
0.12¢

741+
0.09°

3.06 +
0.06¢

732+
0.06°

0.67 +
0.03°

0.52 +
0.02¢

1.98 +

636+ 4.65+
0.04*  0.23°

3.60+ 234+
0.10°  0.07°

1232+ 831+
0.28*  0.18¢

541+ 3.90+
0.02°  0.13°

1256+ 849+
0.12*  0.06°

1.02+ 071+
0.05*  0.02°

093+ 0.60+
0.08°  0.02°

3.58+ 250+

41

2.59 +
0.078

1.47 +
0.07°

581+
0.09%

2.08 +
0.05°

551+
0.07"

0.50 +
0.02¢

0.44 +
0.03°

1.08 =

444 +
0.07¢

1.65 +
0.10°

6.62 +
0.05"

3.01 +
0.07¢

6.93 +
0.03"

0.57 +
0.07¢

0.44 +
0.02°

1.86 =

3.66 +
0.03"

1.36 £
0.07°

591+
0.05%

273 £
0.05°

6.00 +
0.06®

0.49 +
0.03¢

0.42 +
0.02"

1.31+

573 +
0.07°

272 +
0.19°

10.42

0.11°

445+
0.16°

11.06

0.17°

0.89 +
0.08°

0.79 +
0.04°

2.94 +

4.80 £+
0.15¢

2.20 +
0.12%

8.60 +
0.06°

3.77 +
0.02°

8.88 £
0.28°¢

0.74 £
0.04°

0.64 +
0.03°¢

2.16 £



Q 0.0 0.02% 016 0.11° 0015 0.19° 0.02" 0.14> 0.05¢
9d
3-demetﬁj |.8
Cannabisiq
G 0 111+ 296+ 167+ 090+ 105+ 098+ 247+ 183+
N
4°  0.08 009 0.07 0.03% 008" 0.02% 003 0.10°
GrossamiQ
+
w 562+ 943+ 631+ 462+ 502+ 456+ 804+ 650+
0.07¢  027*  0.01° 009 003 008 005" 0.12°
Grossami:
N
264+ 363+ 356+ 210+ 3.17+ 306+ 467+ 414+
m 0.12° 0.17° 0.10° 0.04" 012 0.15¢ 0.10* 0.14°
3°3-
demethyl
grossanai 00 041+ 074+ 052+ 022+ 040+ 036+ 070+ 047+
2 0.02%°  0.02°  0.09* 004"  0.04® 000° 005 0.03%
Rac- h
sativamidg
A 0 030+ 070+ 041+ 013+ 038+ 028+ 075+ 057+
: 0.03"  0.05 000 0015 002 004" 003 0.03¢
Total H 56.50 49.40 92.60 76.83
lignanamj + +0.11° + +
es 57.14 7091 40.13  0.95° 0.42°  0.94¢
+ 105.39 + +
8  0.76° 097 0.67° 0.66°
Total 96.07 243.50 97.08 83.96 213.44 168.56
183 . 1359 61.21 .
phenylprop +1.05° +0.79* +1.08 +0.07° + +
74 0+ +
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ionamides + 0.66° 0.84" 0.49° 2.321

=]
|

14

H: high; @ . temperature; S: screw speed; M: moisture content

Author Manuscri
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