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(57) Abstract: Provided in the present invention are a device and method for preparing rapeseed oil with assistance of a high-volt-
age alternating-current pulse electric field. The permeability of cell membranes of plant seeds is changed by using the high-voltage
alternating-current pulse electric field, thereby increasing the oil yield. Meanwhile, the high-voltage alternating-current pulse electric
field is used to achieve the effects of enzyme deactivation and demulsification. The device and the method have the characteristics of
simple process, low treatment temperature and etc., and can reserve to the maximum extent bioactive substances such as tocopherol,
polyphenols, antioxidants and phytosterols in rapeseeds, thereby reducing the harm caused by high-temperature treatment, ensuring the
flavor of the rapeseed oil and improving the quality of the rapeseed oil. [n addition, an immobilized enzyme is used for enzymolysis, and
immobilization is performed by using carrier-containing ferroferric oxide nanoparticles. Therefore, the immobilized enzyme prepared
by the method can be recycled in a simple manner, so that the enzyme can be reused, and the stability of the enzyme is also improved.
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e A ALK A B 7 R BE 40k Viem, BRI 300, 350+ 400, 450, 500, 550, 600, 650,
700~ 750Hz, fi7EL 0.7;

(1) 4 FTF B I T P 45000/min FFGE B0 10min, 5B, ZKARARFITR
RY, THEBERE,

SR 6. REZMBKIP R EGBILEI (52 L

(1) - (5 A=t 3 5% (1) - (5) ;

(6) B =R e i Ab 3 6ot 4 8 [ S A R TR A AT v TR A R kb 2 s Kb B
e e A ALK A B 3 9 B 40k Viem, KA 600Hz, 573 LK 0.1, 0.3 0.5, 0.7. 0.8, 0.9;

(7) W3 B iR T LA 4500r/min FIFEE B 10min, FF0FE, AAHIR G BRI
R, THHEBRLE.

e 1. fRGEKREE:
Jiiidk: WHHERR LA ENERT, BT, FR%.
YR IR IE S RSENF TG KIE Y, PR SEAFREI AR T, W, RS NHET K
TR RIS AL M G i P09 SRR S A TR
INACGRS: 4 5 LB S 5 280K 13 (wiv, g/ml) IR RS, Z Wb 4min.
B IREEALTE: NFIE 50°C, FFET pH £ 6.0, L4EREE, 76 50°C FHEE 1/
B IREBAE: FHEIRZE R 60°C, FEATT pH A 9.0, IOAE EAWME: A YIE DR, BE
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WHE 4 i, THEZE 90°C#FF 10min.
Bl BTSRRI E L T LA 4500r/min B S0 10min, B EZE AR, RIS SR

Xl 2: (R EEEE CRERER KR B a3

Fifiik: JEHBRIDEKER T, BT, K.

Ve K THIL S RSN RGO E, DelSep R mm A, W, DG NS

TUCRE : FEVRIF S A Lok W PG J5 11 9ol SO AT R

KR L # 5 e AP B SER 5 288K 123 (wiv, g/mL) KR LLIRA, Z i 4min.

- IREEALE: IN#RE 40°C, JEIFAT pH £ 8.0, IR EILLF 42 [E, /£ 40°C FHiH: 1
ZINIF o i ELA A P ] R AT 4 R A

S IRERAL T BRAGIRE R 60°C, FEUETY pH N 9.0, MR e N Y& Al BE
itk 4 N MK ARG HUS FEK O B B REVE R AR N BT B IR . THIRE 90 CHRER
10min.

By K PTAEEE =R T B 45000/min FJFEE O 10min, BRI, BIAS 3.

1 Rt 6 e LLd] 1-2 HIHC SRR PR ICER . Rk, R AL ME. KL
YER BT A8 U TH]

26 2 RTHEA) 6 AT EL A 1-2 i B AR S TR A B A 4

R 1 SEHaf 6 Fos Ly 1-2 HIHUR SRR PR HCR . P R A K WUEFE R Bl

5¢ A [A]

il Bk AR EEY)  Bfimg KO (ﬁfjﬁi KBRELEWD  EHEAMA
HEBI 6 84.21+0.82% 3.7+0.1 15+0.2 0.716+0.009 1.163+0.003 0.048+0.002 7.54+0.21
STERHI 1 80.17+0.97% 4.0+0.2 1240.1 0.873+0.002 2.015+0.012 0.051+0.001 6.39+0.14
STEE B 2 75.61+1.35% 3.840.1 10+0.5 0.903+0.006 2.183+0.005 0.064+0.003 5.96+0.18

2 S 6 FIXT LA 1-2 ) BRI SR M S oy

Y LHER 6 SFEER 1 HFEEBI 2
& VE(mg/kg) 900.40+6.20 759.10+2.45 723.7543.43
o-VE(mg/kg) 265.98+1.31 208.97+0.74 197.6642.69
B-VE(mg/kg) 7.130.02 4214001 2.49+0.02
y-VE(mg/kg) 610.87+3.13 538.88+1.28 516.8443.76

10
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8-VE(mg/kg) 16.4240.74 7.040.69 6.76+0.65

1Y) 2B (mgGAE/kg) 162.2140.64 152.08+1.02 144524057

HEY & B2 (mg/kge) 6752.3621.26 5972.8744.35 5586.12+0.52
B-1A%E NE(mgke) 6.89+0.09 541+0.02 4.85+0.02

P R AT, AR R IR v bk o il B ARG e A A U 46 S i, G R IA 3
84.21%, ML T RMEG/KEE, RIMETE. EFHMYE 90040mgke, HEYZH 5 &
162.21mg/kg, HEYIEEER &8 6752.36mg/kg. B-HHE P EKSE 6.89mgke, LRLEIEA
TR L H b b FE SR rh i, ELBTIR T A% RSN I AU 5 S TR A e B8 KA B
7~8 /NI, X —ZE R SR A Z 8 B-HE b R RE R S R — B, IR S
G 3R VR A BRI A R R R T, X RS S SRR K . T RE
JEPRI A s AR B R FH B v 3 S R A o B PR s IR HH T, [ e s P B
IEEIKE . BASEER, 5—MRAKEREALL, SRR, G KRR 5 (5 B Sk P
LEW . ZW. PUEAAIFIREY) S S ARSI . RIS [ e ARG AT G AR, i R
SR YRR EISCRH .

L SRR RIIR 1 AR I AR S R BERRAE R A o AR AN 2 T Sz A9 F) PR 1
3R St A T e A R U A R B A SR, N B A R R RS R R
AR IE 2 ST ARG, X AR LA S VR N B RO AR I B AR 2 B R
R FE E BT B TR R 45 e LA 300 T

11
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" F E KB

1R FH e R S UL kb 2L o 37 30 1) 8 e A SR Il (0 206 L, AR AEZE T, B A (1D
g 24k (1) WEAMRBENL (2) 30 (3) IR (4 L IBAEM (5) « IR (6) .
iEsl (70« MAHMR (8) « pH AU (9) « WIERAML (100  hndde (11 . BEHEEE
USRS (12) « REJERE (130 . AE (14) o #=Hl8 (150  BRGSIEE (16D  #KE
(19> AHAEE (200 ;

Frid 4k (1D M ERIFRFER—Z BoE B2 BUE BHEZEREA L
PR, B (D B = WENEEHEEIR (O 5 BidEk (D AEeies ks
BL(2), HAMRBAL (2 B FapEsaRaH (5, FriReE 2R =2 pss g ik
(1>, HEME = ZhEd pH R (9 ARG (10> , FEik (D FZE20H
(RO BEE PAAR /e AT BB B IR AL (70, 4k (D B ZIMksL Mot B A MR (8)
TR (D B SRR T E R R REE R (12>, DUEBE R E T AU,
Fk (D WEATEME 13, FAFEIRER R TR, A A3 KR A TE
o

Frid 4k (D CEFERAINEE (17« BERNEE (18 .

2. WRIERCRER | ki, HAHEAET, Bk EE (D S5FRHEHL (2) Z[ARiEE
FRAEEER, HIREM (&) IBEMRBILNEEf O8I S 510,

3.0 MRIERCRIER | TddeE, HAHMEET, iRk (1D WIREA L sME .

4. RIERCRER 1 pridde s, HAHMEET, PR (4> BRI T FAR N S 444
BHE, BEARRTRE R E ARG (15, i (15 58 (4O ZRiEET 088
MR

5. MREEACRIER | riddeE, HAMEAET, FridimEsl (70 W RER (60 Fiflldy
SIMAT, BEEESAR (6) HEflgR (15) WrhiER:, Briddsdlss (15 SHEE R (6) it
2

6. MIAHE R | Tk E, HAHMEAT, Fodn#d (10D BB T £ (D
P, IR (15 Sk (1D 2Ry o bR

7. RIERCR SR 1 prikAE, HAHEE T, FoRRAMERE RIWORE (120 7045 T-iikfl (7
oy, BEVERGIEIORE (120 WEARY, BREEREEORE (120 Ak (D Z RS0 2 4
e

8. MMRAURIZER 1 Fridde®, HAMEZET, Prikidisfd (13) 44T & (D J&H,
JRZHATIEM, IR (13) H5FEEK (D Z AR ERIE s EE

0. MRHACHIER | Pridde s, HAHMEAT, Fridtipl (200 f7 T8 (14) Ml
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FME, AR (4 BR324k (D .

10. —Fis FE A2 Wbk i b IR ) 28 S R 5, HORHMIEZE T, R LUR 2P ER:

OFSEFFERITE, THH, BT, K,

@RS (RIS HEAT Bk B 37 TRUAR 24

@MAAKIA, FHAREVIREAT 5 i i db 2

@IMNE e AT 2=, BE/K AL R 5 53 B L BRI e AT 4 21

G E TR A ) I, G AR 45 RS 20 B 2 Rk ] A B o U1 2 1 il

@R FTAHR G IREAT 55 = i i 37 Ak 2

@B LB R, BISSERH;

BTk D RO~ TERFIEE R 1~9 Frid e B b AT s

Frigd L ig©d, (MK AT FLAL B, Hodh iRy 35~40kViem, ki
550~600Hz, 57*tt 0.6~0.7.

13



WO 2024/001031 PCT/CN2022/135462

£ HEFK

I l

s — | |— [ |— D R | sEmoeenas |—{ sEnesmes |

HEis T4
T=HOC HeRES pH=R 0
pH=2.0

BAAFRL | PEEENE ] B2 e RERR— DEEENS [ | ki |
l ! |

EpR s B Rt Bmiker
R i RTRESE Hesumm

USERCREHNE | — [ B | — e

K1
90 -
= v {/\\
801
B
75 4
70 4
65 T T T T T
10 20 30 40 50 60
HIZ AT (kV/em)
K 2
90
85
80 4 —
S
4 75 4
=
=)
70 4
65
60 T T T T T
300 400 500 600 700
kA= (Hz)
K 3

1/3



WO 2024/001031 PCT/CN2022/135462

90 A

85

HLE (%)

75 - i/

70 -

65 1 T 1 T 1
0.0 0.2 0.4 0.6 0.8 1.0

Kl 4

5y
i
G 4 |
. 1
TSN N \‘\ « ’ “
. \\\ x\‘( § ) !
Pl T
T \‘\‘ N
e S
5 T
. “‘@,5@
b S
T § ] =
N :5{ = N ]

2/3



PCT/CN2022/135462

WO 2024/001031

o

£

pere

\\
¥
R
-
Ve
-

£33 £

A
e
D

3/3



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2022/135462

A. CLASSIFICATION OF SUBJECT MATTER

C11B 1/00(2006.01)i;C11B 1/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed

by classification symbols)

C11B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT, ENTXTC, WPABSC, DWPL, CNKI, CIFD: i, .37, &k, B, 7K, KB, SR, BHEL, i &, FE, oil, high voltage,
electric field, enzyme, water, sterilization, demulsif+, equipment, device

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

PX
claims 1-10

CN 115093895 A (JIANGNAN UNIVERSITY et al.) 23 September 2022 (2022-09-23)

1-10

Y
May 2021 (2021-05-25)
claims 1-6, and figures 1-3

CN 213261208 U (SHANDONG DUFU AGRICULTURAL TECHNOLOGY CO., LTD.) 25

1-9

(2012-07-18)
claims 1-4, description, paragraph 10, and figure

CN 102585993 A (NORTHEAST AGRICULTURAL UNIVERSITY) 18 July 2012

1

(2008-07-16)
claims 1-7, and figures 2-3

CN 201085033 Y (NORTHEAST AGRICULTURAL UNIVERSITY) 16 July 2008

1-9

(2017-12-05)
claims 1-8

CN 107434998 A (HUNAN YUANLYU TECHNOLOGY CO., LTD.) 05 December 2017

10

Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application
earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

«1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

D&

document member of the same patent family

Date of the actual completion of the international search

24 February 2023

Date of mailing of the international search report

09 March 2023

Name and mailing address of the ISA/CN

China National Intellectual Property Administration (ISA/
CN)

China No. 6, Xitucheng Road, Jimenqiao, Haidian District,
Beijing 100088

Facsimile No. (86-10)62019451

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2022/135462

C. DOCUMENTS CONSIDERED TO BE RELEVANT

(2017-05-31)
claims 1-3

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y CN 111500357 A (LIAONING SANMARK INDUSTRIAL CO., LTD.) 07 August 2020 10
(2020-08-07)
claims 1-10
Y CN 106753748 A (NORTHEAST AGRICULTURAL UNIVERSITY) 31 May 2017 10

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2022/135462

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 115093895 A 23 September 2022 None
CN 213261208 U 25 May 2021 None
CN 102585993 A 18 July 2012 None
CN 201085033 Y 16 July 2008 None
CN 107434998 A 05 December 2017 None
CN 111500357 A 07 August 2020 None
CN 106753748 A 31 May 2017 None

Form PCT/ISA/210 (patent family annex) (July 2022)




Efrta R RS Il P iR 5
PCT/CN2022/135462

A ESIRbaES
C11B 1/00(2006.01)1i;C11B 1/02(2006.01)i

FZIR PR R 23 3% (TPC) B ] 4% 8 ] 28 7 SRR TPC P ok 702K

B. AENTbE

R R AR IR PR BESCIR (BRI r R R0 2R 5)

AR AL TR AU 10 o o I PR B SR L AR AR R 2R STk
C11B

7E B s 22 i 2 8 FF FE TR B (BB EE R A2 B, FUE AR IR D )
CNTXT, ENTXTC, WPABSC, DWPI, CNKI, CJFD: i, B7, & )k, B, /K, KB, A H, B3, W&, 35F, oil, high voltage, elect-

ric field, enzyme, water, sterilization, demulsif+, equipment, device

C. LEE s
% AU SIS, BERN, IERMHEEETE AR AR K
PX CN 115093895 A (TR A 2£5E) 20224E9H23H (2022 - 09 - 23) 1-10
BRIER1-10
Y CN 213261208 U (i &AL FRAMAEEERAE) 202145 H25H (2021 - 05 - 25) 1-9
WRENR1-6, FIE1-3
Y CN 102585993 A (FribA&RlK%) 20124E7H18H (2012 - 07 - 18) 1-10
AR L-4, HIFEFE108, HE!L
Y CN 201085033 Y (ZribARlK%) 20084E7H16H (2008 - 07 - 16) 1-9
WFBER1-7, HE2-3
Y CN 107434998 A (HIEVEESRIHERAT) 20174£12H5H (2017 - 12 - 05) 10
BRIER1-8
Y CN 111500357 A (LT mEIOIBMAERAE) 202048 H7H (2020 - 08 - 07) 10
BRIER1-10
Y CN 106753748 A (Frib&RK%) 20174E5 531 H (2017 - 05 - 31) 10
BRI R1-3
[Nacssepprecms: b . TRBERIHE
* Bl ERER “r” FEHIEH ﬁ%%ﬂEZEﬁﬁ,5$%KWKM,@%Tﬁ%
“N” NARFERIER RS TIB BAR— RS H R B8 SRR L e S0P
“pr HIEANEEERFES S ER “X’%gﬁ§§ﬁgﬁﬁﬁ%ﬁﬁiﬁ,M%E*%?%E%K%
“E7 E I R R AR 2 G AR S e A IR Al \
. e . . . " , “yr SRRIFESRRI S é@x#%%~%ﬁ%%%@%x#%%ﬁ
“L” AIREXTL S B SR IR BE R SCAF, B E 7 — R 5 | SO Y : Hils 5 >
ﬁiﬁaﬁaﬁmﬁ%ﬁ%mﬁﬁﬁmﬁammi#<mﬂw PERFRI I FTEBANRI RS R, FRRT R
“07 WROKAT. (B, FEMRIATRATFI ‘47 FIBRERINsH
“pr A HETF B Fr HE BAEIR T AT ER iR A B S0
[l Jom A6 2% 2o 52 B 19 H B Frs 22 AR 5 Wi 2 3
202342 H24H 202343 HoH
TSA/CNF & FR A0 MR 2y ik ZRE R
o [ b 5T g X 1 1A 3865 100088 R
fEEE (86-10)62019451 BiEEES (+86) 010-62411089

PCT/1SA/210 3K (58271) (20224E7 1)



Bl s 18 5

XTREERNESR PCT/CN2022/135462

W B 3 PR S SO el 7 e el
CN 115093895 A 202249 H23H T
CN 213261208 U 202145 H25H T
CN 102585993 A 20127F7 H18H T
CN 201085033 Y 20087 H16H T
CN 107434998 A 2017712 A5H T
CN 111500357 A 20208 H7H T
CN 106753748 A 20175 H31H T

PCT/1SA/210 R (MIREFME) (20224E7H)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

