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Cannabinoids Extraction from Cannabis Cultivar Blueberry

by Pulsed Electric Field
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UNANED

nsdnwdiifagussasdifomaniigfiimnsanlunisadnaisuauuiduesd delta-9-
Tetrahydrocannabinol (THC) wazansuauundueedsiu (total cannabinoids) vasfivayulnsigianeiug
ugiued Memainaulifiied wasUssundliisNuRinouausseeniuuN1IMAABILLUY Box Behnken
ilovuavasiiulsdase 3 Uade Ao S1uruiad (pulse numbers) fisestu 100-300 ArANdunsz el
(pulse intensity) A5z 5-10 kv/cm uazdmsidmingiudeaisazans (ratio) fisesu 1: 20-1:40 uay
Wisufisuuinuasuaundusesssriamsarinansiemaieauiliihiad fumsataanslussuudaiy
NansAn WU anngfiuangaslunisadnans THC uazansuauunduosdsin Ao 300 S1uauiad
Anuduawlni 7.5 kv/em uasdnsidiuayulnseatsazaty 1:20 anwnsaainas THC lagean
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254.77+11.01 mg/g WazasuAULIDUBYATIN 270.98+11.96 mg/g LﬁaLﬂ%’&mLﬁauﬁﬁ%msaﬁmmsagﬂm
Fyruvusniulaednisug wuiinisafaaiswauwduessdalsssuuauna i wadldusunaans
wauwdueed THC wavansuawunduesdsin gandndndu 20.13% uay 22.69% mud1au sTaldszey
narlunisatndesnings 88.9% dufunsataasuauuriuesddemainauilniiadannsaldidu
wwInnMsainasdfyniiviyy SUssdnsamuasinunimgslunmsatinansuauuiduesdsely

Adfny:  ayulnsiyy; answeuundueed; nsada; ssuvawuliiiad

Abstract

The aims of this study were to define the optimum conditions for pulsed electric field
extraction of delta-9-tetrahydrocannabinol (THC) and total cannabinoids of the Cannabis sativa L.
(Blueberry variety) and to apply the response surface method to design a Box Behnken experiment
to investigate the effects of three independent variables: pulse numbers at levels 100-300, pulse
intensity at 5-10 kV/cm, and the solution ratio at 1:20-1:40. The best yield result was then compared
with the traditional maceration extraction method. The experiments found that the optimum
conditions for extracting THC and total cannabinoids were 300 pulses, a pulse intensity of 7.5 kV/
cm, and a solution ratio of 1:20. The maximum THC content was 254.77+11.01 mg/g, and the total
cannabinoids content was 270.98+11.96 mg/g, which were higher than those obtained by maceration
by 20.13% and 22.69%, respectively. Moreover, the extraction time was significantly shorter,
by 88.9%. Therefore, the extraction of cannabinoids using the pulsed electric field technique can
be an effective method for extracting high-value phytochemicals from cannabis, offering both

efficiency and higher quality.

Keywords: Cannabis; Cannabinoids; Extraction; Pulsed electric field
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1. unu

fyaniidoinerenansin Cannabis spp.
Tuasd Cannabaceae ihufinflungudsanlduseTov
et fuiidnegluvivieoudumnsld
vilan [1] msUszneuniTlufauniiddyfeasngy
wALWIdURYR (cannabinoids) Wy Cannabidiol
(CBD), delta-8-Tetrahydrocannabinol (delta
8-THQ), delta-9-Tetrahydrocannabinol (THQ),
Cannabichromene (CBC), Cannabigerol (CBG),
Cannabinol (CBN), Cannabicyclol (CBL),
Tetrahydrocannabivarin (THCV) LLazaﬂiﬂq'm
wosiuews [2] Wudu lumenisumdunulneg
fyifidniliduselud$usniouynda lid
agidusin Awlu Tu uaziSeusendananneile
Msrasswanenlng szyin Ay dsawnde
aiiwqmmﬂmqﬁumumuﬁ%’ wiu Tudlassnaauud
vioudin Wiy s ¥Mas WWudu usvilidala
Ya1ANS3 A1ane Ussavviaau aenlassnamwi
TspUszay ylAuaundy 103ge1ms Anlaune
Tune 1Judu (3] Tnetuneuddglunszuiuns
ﬂwﬁ’zymuﬂﬁfﬂumqﬂ’lmwwﬁﬁ?u ADAITLENATT
wannduesfeenandvesiutyymiefiSuniy
11 N13afinans (Extraction) [4]

WATANSARAENSLUURAY WU nsus
AN3ABY NISHU NITUA LASBINIUFIBUIWEN N15T
Nurestih nsndu avilfeunnsawazdasiin de
Tdszezinaiui Usinaasdduildannsada
Tou MfvharateU3unamnn wazsaudernudes
PeansaaefvesEsddy N finiinuausoush
waziiioiovusdounnsesonnaiinnsatnwuy
FuAniinandetredu 3einnsisemaialag
110018 15U nsanaleaelddansigniun (UAE) 13
anaeauliwad (PEF) nsanaaistoulel
478 (EAE) msanalaglalaulasiavaie (MAE) n1s
afpalevewal (PLE), Msainvesnaimieings
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(SFE), nsananiesivinaranalss (ASE) [5] nsanin
mssyuvaulniiad (PEF) Dunisldwaduuu
298 9 sesuluiund S fadiuni Tneaslinn
wWaguulwiian 100-300 V/cm 89 10-50 kv/cm
auyliiWadiduisnsatauuulng sy 4
Uszansnnwasdufinstudaanden {Huignsd
hflﬁﬁ'mm%'auﬁdwLLazﬁﬂﬁ’%uﬁauﬁmayﬂwﬁfgm
mmiagn%’mﬂwuﬁaﬂdaaﬁwﬁuaamﬂé’dw 6, 7]

Fedlunmsifeilfelinguavasdiioartnans
wauwdusedlufiviyuaeiusugiuesd fe
wadagulniavad Tnevnisanwimaniigd
winzanlunsannmen15e0NLUUNTNAABILUY
Box Behnken &sn53deiienadiunuamslunisiiiy
nakdnasanatunguwauwTuesfvasiviywle

2. gUnInluasSNg
2.1 Wyayulwsiyvuaznsinsey
Fonenuvisivanulnsinmaneiugugiuesd
#ldlun153988u191n$ 1y Canna N’ Rossa
sunoilles Jmiadesin
2.1.1 muaSeusaagianisanalngss
1734% (maceration)
ihgeneniy iy lrliauaans s
N30 LATUAOVUANTIU (Memmert, Germany)
1levinn1s decarboxylation flgamgil 150 83
walea Wunan 10 Wit [8] ntudugerdos
{u (Dade $u DFT-200, Thailand) 9ivunn 30-200
mesh uathluurluansazateieniuea weanased
95% lusnsdusnogneroansazaned 1:20
2.1.2 mMnaSeudasguienisaialag
seuvauININHIWas (Pulsed Electric Field)
Whgeneniyuursyhiiiauaanaieis
1580 LT eoUaNTIU (Memmert, Germany)
dieviins decarboxylation ﬁqm%ﬂuﬁ 150 29A1
wadea Wunan 10 wit 8] mntuiugewrdes
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thu (Dade $u DFT-200, Thailand) I¥#fiuunn 30-200
mesh walunlunauivatsazalgleniIuea
weanegea 95% lusnsidiuniuartadediniu
nMeaes wazknldestidn (chamber) wA3os
PEF-US

2.2 \nesafnasayulnswdsusmaunlvii
Waduazdanilalla (PEF-US)

Funuuiaies PEF-US Téfunisesnuuuuay
S99l guiidonswanasoangvsaniysiuay
wayulnslagufnsaldanin (RPAH) umninends
widw Wedud Usemalne (Figure 1) Taseasng
gUnsal PEF-US Usznauseiniesiudaliiinssgs
iFearidianszualniiniad Audansiledn e
tdn uasdluen gunsalinfesifanunsaldanld
#lwuafto PEF, US, US+PEF uay PEF+US

wwdesriidnnszualiiinfadanunsalyiuseiu
Iytihgaan 20 kv indoartudalaihifwadsudvas
Aufuvududen dwieedudauuuiineaiiie
muAumuunszualiiin Al wavszezim

Yaanad wesl1UaUsTnaumeR s oulnalnsRau
wardaninsnaunuaaafiagewiy Bidnlvsngning
guuiumeluiestin Tnedusetesing 100 L.
UsumsviesinUnfe 5 ans [9]

2.3 msnwdadeitldlunisarnvasivayulns
fyvvasssuvaualiniwad

Jadedidnw 3 Jade fe 1) Swruiad
(Pulse numbers) fisesusag 100 f¢ 300 Wad
2) ArAnuunseualnidn (Pulse Intensity) sz
429 5 614 10 Kv/cm uae 3) dnsdiuvesingiiuse
ansazae (Ratio) M99 1:20 &9 1:40 Fauanslu
Table 1 Uswgndl#iBfiuRaneuausseanuuunis
NAADILUU Box Behnken 16 14 n1snaaes Aauans
Tu Table 2

dlofuganisudesnszualniliiadde
fogeiildnnsosmiunsyaEnsas Whatman Lwes
4 wazthansazanefildludnszsians 1) delta-9-
Tetrahydrocannabinol (THC) 2) Total
Cannabinoids #eLa383 UHPLC MS/MS sialy

Figure 1 The prototype of pulsed electric field (PEF) apparatus.
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Table 1 Levels of the factors studied

Pulse Numbers Pulse Intensity (kV/cm) Ratio
-1 100 5 20
0 200 7.5 30
+1 300 10 40

Table 2 Data of THC and total cannabinoids extract with pulsed electric field identified by UHPLC

MS/MS
No Pulse Numbers Intensity Ratio THC Total Cannabinoids
X, A X, B) o) (mg/9) (mg/9)
1 100 5 30 163.52+10.43 173.93+11.12
2 300 5 30 110.61+3.11 118.77+3.29
3 100 10 30 116.13+2.15 123.80+2.66
4 300 10 30 121.28+2.20 129.85+4.25
5 100 7.5 20 210.55+15.77 224.33+17.13
6 300 75 20 254.77+11.01 270.98+11.96
7 100 7.5 40 131.94+0.81 140.29+1.28
8 300 7.5 40 149.73+2.04 160.56+2.29
9 200 5 20 230.46+4.88 248.69+6.07
10 200 10 20 180.42+18.64 192.26+19.74
11 200 5 40 142.75+2.53 152.05+2.95
12 200 10 40 109.81+4.19 116.73+4.55
13 200 7.5 30 95.69+4.32 101.96+4.85
14 200 7.5 30 107.87+14.08 114.54+14.93
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2.4 333AT1esiRaeLA3as UHPLC MS/MS

hasainuInTesieg19eag nylon filter
ﬁﬁgmmm 0.45 um Laglina19s1ee1e 100 WNAae
ONIUBA 95% UNFI9Y19LNIAATIZUIIUTUIA
a3 THC wazUSunauauunduesdsiy feinios
Ultra-High performance liquid chromatography-
tandem mass spectrometry (UHPLC-MS/MS)
ATMINEIUILYIINIUADANY Quasar SPP C18
(100 x 2.1 mm, 2.6 um-PerkinElmer,
Buckinghamshire, UK) ﬁqmwgﬁ 30°C f2Y
a135aza78 mobile phase 2 wiin Ao

Mobile phase A A9 0.1% Formic Acid +
Water (LC-MS grade)

Mobile phase B fig 0.1% Formic Acid +
Methanol (LC-MS grade)

fnsuenUUU Gradient program 7 0-1
W, 25% B; 1-3 U9, 30% B; Waz 3-4 Wi, 25%
B safunan 1.22 undl Jufinwanayseaunanis
AATIATIRUNIMLAZITIUTIMUSBULTBUAY
AN5aEANUUINTFIU

N1SHSHUAITALAIBUINTIIU VBIAIINGY
Cannabinoids Aududu 1,000 lulasnsuse
fadans Usznoulumieas THC wag CBD m3au
aruduturesansnasgiu Tasudadu 2 g fail
1) Calibration curve 1,2.5, 5,10, 25 @z 50 ppm
2) Calibration curve 50, 100, 250 wag 500 ppm

2.5 NMsuUsHan8lusunNSUNISEnA
Toyauanududade + diudoauvy
19551 (standard deviation) ilevhnsnnaesarin
a13 THC uaghAuuiuosnsauniyyaneiug
vgiuasi Ineldinalinanndeauslniiiadis 14
MsnaaeLEIthnansaaasilauTlnTsRAIL
QﬂﬁamaLLUUfSﬂaaamﬁm'ﬁwﬁmﬁuﬂiz?mémaq
n1sdndula (R-Square) waLNITIAIILAINL
wUsUSIU (ANOVA) wiiethunadsaunisviuneg
USunauans THC wasweuwiduessyiufiadnlalag
Awesladeiildannsinszddudssansues
gun1sanaeeveIlsuingns THC wazlauuduoyn
sadeulvieglusUvesaunissaunisd 1

Y = Bo+ B1Xy + B2Xy + B3Xz + B12X, X5 + Bi3X X5 + B3 X X5 +
BiiXT + oo X3 + BasX:

dlo ¥ AewanismevausdldunuIunans
THC waswauundueedsay, X, X, X, Aefauds
Saszvisetadedidnu, B, Aornasiiaunas, B, B,
B, Aoduussansaunsidunss, BB B, Ao
duusyAnsaunisufduiusuas BB, B R
Sulsravsaunstdsaeadielfaunisvhune s
a3 THC wazuauwdussdsiufianaldaindy
a1w1iug Blueberry lngltinalinainsigauiulnii

o

Wad ba2FIUIUIFS 19N TINANUNRINDUAUD VD

Science32-N3.indd 6

Usauans THC wazwauundusessuiiainldidiou
fudaseildlunsmeaents 3 Jaselaeldlusunsy
duSagumaadia SPSS (version 18, IBM, USA) Ll
wanmsfivnzanlunsataUsnmes THC uay
LmumﬁuaaﬁsmmﬂﬁqmLLaxagnwaiﬁizﬁumaqﬁw
Yadelunisvnaes

N151USeULINEUSENINIRENR 2 8013
NAABUAIBEDR t-test Uselliumen1snagouLuy
Duncan fissutiuddiey p<0.05
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3. NaN1sIBUaZIATA
3.1 Usuneuansuauuniuesn
Usunasansueuwduseddianaldsessuy
awlniiad linan1siaszaids Table 2 &
Wunslwsgiusunaansuauunuees THC uag
Total Cannabinoids #781A389 UHPLC-MS/MS
wun dieldantlade awd (pulse numbers) 71 300,
puuawlni (ntensity) 7 7.5 wasdnsdu
auulnsroansazane (ratio) 7l 1:20 anunsnainans
THC ldgean 254.77+11.01 me/g wazlau3unau
a19upuunfusen iy (total cannabinoids)
270.98+11.96 mg/e Turmsiinmsarinsesiade
Aud (pulse numbers) 7 200, Araduawallngiy
(intensity) 7 7.5 wagsanduayulnsiomsazae
(ratio) 71 1:30 TnaU3unmans THC Uoognd
95.69+4.32 mg/g ansuAuuTuesdTTREgad
101.96+4.85 mg/g

AMUEIIEluNSERaNsYeITTUUaNUINGh
WadausaeSunelameng i electroporation Ao
msldusaliiihnieuen Jshefinanuaunsaly
nsfukuvenieiuead e1msudetudud
Fosnsatindu q azegszninedidnlnsauazauny
Tnflusegs Wevuwadgnianzlaenisadiesini
dmsuindaladedusiu fregrasvauiuuse
somheuszfiseniaunlniindlotadlnihusegs
Wudidnlnsn Woriuazgaydesuuuuvedlaseaiig
wagansddgyaniivazgnainesnu [10, 11]

WILANRIANANNTST 1 wansAuduuS
381N pulse numbers (A), intensity (B) Lag ratio
(Q) sivasUsznau THC wag Total Cannabinoids
yosfiufmaeiusuguess meszuuauslidih
Wad uanslu Table 3

lothaumsilaifluagaumunmanuda (3o
surface plot) aglAuNuNWaLIARS Figure 2 & 3

Table 3 Equation of the relationship among pulse numbers (A), intensity (B) wag ratio (C)

Cannabinoids

Equation

p-values  Adj. R*

THC +1022.360251.13531- Pulsed number-29.94008

0.0306 0.8208

Intensity-40.63956 Ratio+0.051689 Pulsed number *
Intensity-0.006607 Pulsed number * Ratio+0.170970
Intensity * Ratio+0.002429 Pulsed number?0.544680+

Intensity20.606735+ Ratio?

Total

Cannabinoids

+1108.964881.22121- Pulsed number-34.58440
Intensity-43.80929 Ratio+0.054895 Pulsed number *

0.0290 0.8328

Intensity-0.006539 Pulsed number * Ratio+0.208310
Intensity * Ratio+0.002589 Pulsed number?0.697620+

Intensity?0.649559+ Ratio?
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THE (mgle)

a)

2 10

b)

HE (mgfg)

A Pulsed number (Pulse) B Inensity (kV/em)

o)

Figure 2 3D surface plot showing the relationship between pulse numbers (A), intensity (B) and ratio (C)

to cannabinoid THC of cannabis Blueberry cultivar extracted by pulsed electric field (A). (a) the
relationship between (A) and (B), (b) the relationship between (A) and (C), and () the relationship

between (B) and (Q)

s inoidk (m3/g)

b)

A Pulsed number (Pulse)

Figure 3 3D surface plot showing the relationship between pulse numbers (A), intensity (B) and ratio (C)
to cannabinoid THC of cannabis Blueberry cultivar extracted by pulsed electric field (A). (a) the
relationship between (A) and (B), (b) the relationship between (A) and (C), and (c) the relationship

between (B) and (Q).

Figure 2 uandANduRussEnInalade
pulse numbers (A), intensity (B) wag ratio (C)
foans THC mMaviiuySinames pulse numbers (A)
U intensity (B) axviildUsuaiEns THC wiiuiy
&4 Figure 2 (a) daun1sifial pulse numbers (A) fu
ratio (C) agviliuSunaans THC anasns Figure 2
(b) AMsifiaUSunasves intensity (B) fu ratio (C) 9%
¥inlUSanaEns THC wiaiu s Fieure 2 (0)
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Figure 3 WaAIANENNUSTENI9TaY
pulse numbers (A), intensity (B) wag ratio (C)
foans Total Cannabinoids nsifinuSunaes
pulse numbers (A) iU intensity (B) ag¥iliUTua
a5 Total Cannabinoids L Figure 3 (a) d@u
n15uiy pulse numbers (A) U ratio (C) aevill¥
Usu1alans Total Cannabinoids anasss Figure 3
(b) MsHiinU3unmves intensity (B) v ratio (C)
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g liuSunuans Total Cannabinoids wuTU
#19 Figure 3 (0)

3.2 mslSeuiisunisanaansuauuntueennae
Wnsuduazaunlniwad

3§ﬂﬁiaﬁ’ﬂaﬂﬁagu1W§ﬁ€yfmLLUU%&L@MIG]EJ%%
A5 (maceration) Tuasavate Len1uea 95%
Snsndau 1:20 wafialilufninesigumgiivas
(30+2°C) tHunan 45 w1t [12] leUSunaans THC
71 203.48+6.29 me/e wazlBunaEsuauuoss
9734 (total cannabinoids) 216.46+7.17 mg/g W@y
TevhnswSeuifieusauanswalu Table 4

Al sruvauu i wadvinliladsune
aswAanudueen THC way Total cannabinoids
ganrhmsatmsamlnsiyruuuiainlngTEms
W 20.13% uaz 22.69% MUy uenantisly
namsafiatisentids 88.9% dvduFeaunsoagy
Tonnstszuvauuliiwadanunsatianssey
valunsada wazinUSinaEswauuduessan
Yononiyuaneiusugiuesdle

4. a3Unan1innaes
n93Teiuszyndldisiuianovauss

9NLUUNIINAABILUU Box Behnken laadifauys

dase 3 Uady Ao drwruWed (pulse numbers)

fisgdu 100-300 Araudunszualiil (pulse
intensity) 152U 5-10 kv/cm wagdasauingiu
oarsazany (ratio) fisyu 1:20-1:40 3As1z%
USnasansuauundusensioinies UHPLC uaz
WisuisuUSunaansuauundusun filaszning
nsanangwmadaauinliiwad dunisanalu
SyUUR AL

msanwnuInsiaadadeanud (pulse

'
a

numbers) 7 300, AnuduEWlNTn (intensity)
i 7.5 wagdnmdumulnsdeasazay (ratio) 7
1:20 @wnsoanaans THC lagsan 254.7711.01
mg/g waglausunuansuauudussnsiun (total
cannabinoids) 270.9811.96 mg/g Tunsainale
F3nsudiuUaLin (maceration) luaisazane
ethanol 95% ®ws1@iu 1:20 Wutan 45 il
figamgivies (30+2°0) I@USumans THC
203.486.29 mg/g wazlausunauasuaundusen
59U (total cannabinoids) 216.467.17 mg/g e
Wisuisuwansanangauulniwadiunanis
afafildan3snsud wudinisatnansaieszuy
aunuliwadliusunaasuauunUusen THC uay
Total cannabinoids gendtAndu 20.13% uaz
22.69% mudeu luauefinisatadeiSnsudwuy
sadnldinanlunsafauiu 45 und msatngng

Table 4 Comparison of cannabinoids between the maceration method in 95% ethanol and pulsed

electric field (PEF)

Total cannabinoids

Method Extraction time (min) THC (mg/g)
(mg/g)
Maceration a5 203.48+6.29° 216.46+7.17°
PEF 5 254.77+11.01° 270.98+11.96°

Note: a and b in each column represent the level of significant (p < 0.05) in independent t-test
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svuvvaullviiiadldnandudiss 5 nil Tnsfa
Junandesnings 88.9% Fwaguldinnisafalagld
sevvauliiiad duisntussansanganin
Tinalunsaiatiesninegsivedny uaziluiing
HedaIndou

5. inANssNUsENA

naideilasunuativayunuaine e
W une/2566/04-24 ﬁaﬁmamauqm@uéﬁami
wAnanseengvInAyy e valnslagUinsal
Fanm (RPAH) ainendemndn Beiloan uiiuaz
gunsallunisnnass
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