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Research Progress in the Recovery of Bioactive Substances from
Agricultural Product Processing Waste by Pulsed Electric Field

*

LUO Shiyin', NIE Jing', HAN Wenmin', LIN Dandan', LIAO Lan"*, ZENG Xin'an'>"
(1.College of Food Science and Engineering, Foshan University, Guangdong Key Laboratory of Intelligent Food

Manufacturing, Foshan 528225, China;
2.School of Food Science an Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Pulsed electric field (PEF) is a new type of physical field processing technology, which has the advantages of
short treatment time, low-energy consumption and eco-friendly. In recent years, pulsed electric field (PEF) has shown
potential in the application of recycling active substances in agricultural product processing wastes. In this paper, the
mechanism and advantages of pulsed electric field enhanced extraction are reviewed. In addition, the application progress of
pulsed electric field technology in the recovery of bioactive substances in different types of processing wastes is classified
and summarized in detail to provide reference and guidance for the high-value utilization of by-products in the processing
of agricultural products.

Key words: pulsed electric field (PEF); processing waste; bioactive substances; recovery
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Fig.1 Classification of agricultural-processing wastes
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71, B 2R B AR AT 22 GEE N 0.5~1.5 V),
SRS R 1RSI T 1, AR, e HL s,
ZEVEFT T B4/ INYE BT 2 e 4 2 T 386 114, 24 e,
Yiltad Tl A iz B s E s R, Rt 2 g
FATFRAS O] 3 i 28, e 28 B R ZE AR IR, (e
P B H (AN &l 2B e ) P47 i ) e SR ER e )
KR, BRI A 7K A3 Bsk, HL AR 2 7 A KRR 4R
BT [ A 3k, ok [ Pl 3m o e A i i s
Jo DT Xof 3 R AR A A 45, A0 ASEE a5 P i, e FR
Yt S BT, AN 28, e UF T 4R i P9 25 B ek
J, FE AR BCR B CanE 2C Fras)B,
2 PEF ZEEWARERIEM TEFHIEMLE
FREI R R
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PEF T80 FH T DR S A 5 T2k i 16
PEWIT, anFS 1 T, PEF b3 AT A 25008 in s SE A1 47
PER SRS . 2l A S RAR AR M IR, BTG
SEUOTBIESE T PEF AbBRZHOGH IR S S SR s vh SR ke
FUSZIN, 25 KB, iR E 15 kV/em. Fkop%L 10.
pH3 . $RIGELEE 62 °C k& Ly 1:19 54T, 32
BURBE SRR 14.12%, 035 TR $R:(10.33%) |
AR PR (11.63%) | T2 (10.98% ) FlT B iR 4
B2 UL (9.88%) . Rajha 25 Y % #1 PEF 7F 1% 7%
10 kV/em, JBK%E 10 ps. S5 40 Hz, iK%k 25 14
BUIRE 50 °C ISR, HO AR B A B 1 IRl
55 K B B AR S R B A B4y S N T 24
11.45 15%F0 2.57 f% . Salgado 4542 pF5T e, AHEE T
IKRFRHR, &5t b1k )5, PEF 7E358 3 kV/em. K5
100 ms. #i3 2 Hz FIPKPEL 45 (B L& F T X
T Feh B e ICREE S T 19.71%. k4, PEF
I R AL ik 25 1 AR )2 Rk v — 6 K €2, 3R 14 (el i
K, Chatzimitakos 25! FI] F] PEF [k %5 75 578 v
HIAETT 2, WF9E & B0 PEF Sl Bh R AETS R ISR N
14.05+1.53 mg/g, 575 b FROK FE UL | A8 7S $2 B
FOAB R HEBOEIE S T 77.18%. 81.06% i1 25.33%.
XY B DR 2R 52 56 A 7 A DL A6 75 3] PEF
el WA W A A2 ST AR T 3R B A T2 5544 i 20 kV/
cm, JkibEL 10, BE& LR 1:6(V/V), 4551 % PEF
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Table 1 Active substances in wastes of plant origin and extraction parameters

HEPIRIE g PEFH2 LS4 4 E DU
Sy - 15 kV/em, K552 ps, K256 Hz, fki%i0, s o
FRE R pII3, 62 C. FHILI 19 P Rk 14.12% [40]
2 e 2% kK [P A R 3K 740474 pg/g DM, f&#4 H11.4567%,
g WER 510 kViem, BKIE10 us, HURAO H, Bkiios, so ¢ PIEERIETA0NE neje DV, LK JLAGAIO 1L Asfi [41]
oy S Y3 kV/em, k96100 ms, 4R%2 He, fkoikds IR TE1530.92 mg GAE/g DW, HAAGUKIRIEIRT T19.71%  [42]
WAERE  EE 33 kV/em, JKFE2~15 ps, 22 Hz, Bk %30 LR R34 14.05+1.53 mg/g [43]
L1755 5 18.70 kV/em,
WRETY  WHZ 920 kViem, JKTE2 ps, HI%£100~3000 Hz, fkr4i10, [F] iR 514 223.13 mg/L [44]
B 6(V/V)
EIE ST SN Y2 kV/em, Bk5E15 ps, AH20 Hz, k200 B 34 14.2941.01 mg/100 g, HobF BRZHIR R T 45% [45]

AR G S0 KViem, K10 s, B Hy, pgrso PRS0 me0 e IKBLRRMDEIAGRI )
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ol By [ AR B S T AT 3R DA L 7 SR Ok
7 14.2 mg/L., Andreou £5%) ¥E {3 PEF $2HU 4514
T (35 2 kV/em, Ik FE 15 ps. S% 20 Hz, k4L
200) 5B FMLL R IRy 14.29+1.01 mg/100 g,
A i TR S ML $ 22 (9.844+0.1 mg/100 g) o
Koubaa 251 iff 55t & B, 5 7K HE 75 A8 = S AR
v, PEF Sl BhH2 B RN T IR S By R 2R A5 25255 51)
PR T 119.29% F1 11.11%., LA UL, PEF 15 A4#
BhAF BN FH AR 2 TR A b it S5 1 Tl s
Ry, BAR RN T .
2.2 FHIKIR

[ NAME A WY PEF FoAR W ] T [alk )
Wris i b s R BT, HRTIZ T T ST
A SR T A A B K R 0 T R e A R SRk
WP 2 g 2 s, TEEY @it Ess
RYEAi T PEF [ENfefiflfa Py it s AT RIS R B4 T
A G5, PEF WURAESA e 22.5 kV/
cm. JJkopEg 16 FIRCEIEL 201, TEIZ S R A AIE
WBR AN 60.63%, 244 Bligh-Dyer 49 1.4 5.
He 25981 F1] ] PEF 4B NaOH $2H o A AR R 4k
B2 (CS), BF5% < W] PEF f#fi B £ B nJ 0 35 1 i1
CS my PN, P EEAT IR 6.92 /L, BEMFHRTE . i
PRI AN PO 43 5 3E =5 T 101.74% . 84.04%
1 42.09%. PEF L FH T [EDRc A g H 04 85 R s 1
Feh o R B TR RS ka3 . )P 4245149 i . PEF ik
Ata s A5 ER A R, 25 SRR E A A PR BSR4
I, PEF BYJIIACHT DL f 8 v 45 50 22 1 [R50k 51
84.2%, Y 3EH 1 T WER LAY 23.2% FIHE A HEHEL A9
67%. He S0 1, & B 55 B8 — (%) ifg fr 75 AH LE, {5 FH
PEF JeXf a8 U 7 WAL BRI 5 PRI B 85 X £
B HEA T A R R 0 IR B HE R 32.42%, iX
AIHESE AT PEF AbHERYIR 1 fa 5 114 3 a1 45 44 5 i)
FEEAMEHTaENTITE. 245 ik, BERSh
ZEEXT T PEF $R [ sh i 2 n 1% 5542) )7 T ik
FERL, HRTFSEET o ROCH T BAR L [
SR, AHAR DA BT Sy MG #2 v PEF AREIN 2K

J5i . FERNEE RS BRI S A DI RE R 52, )5
T TSR ST
2.3 WMEYRIE

TE BRI L R 2377 AR a0, L ik
BRI PR E AR 75 A . FSE & 81 PEF 4k
FHAT S e WY P R A R A B A R g (A
2% 3 U7~ ) . Liu 860" FHEAR R S0 50 A0 R B )T F
SIS AATE] PEF [RIKUK S5m0 B 85 1 5
AR ARSI 10 kV/em., Ik ECHh 8 RNk
LA 4011, FEZSRAN T P B v 25 1B g [l
SEA[IR 2.78%, LI /KFEIEN 0.53 5. Jin S50 7
JH PEF $ A58 AL H2 GRS A o I8 3 1 B At PN B v
B, L b)E A9 PEF BN RS i PN T e i a0 75
SR BB AR S AR FRL 43 S T 2.12% A
2.66%. Dimopoulos 21 | 7 A PEF 7 R A #f %
S MU PR RS v it 2 2 R R 11 Hh, 2 SR R IRAE A
PEF ZbBRZEAF R (3758 20 kV/em., JKTE 15 ps. i3
300 Hz F1JBk sh %0 14) H o-0F B8 & FL R I R Ny
1.0 mg/mL, LUERMRHILIE S T 37%, H PEF 451
SR FFERI IR TR A R 22%., DA AiFIEAY
25 W] PEF 78 [ISU% 57 BRI 7 B v s B e =4
Ty EA T RE RN AT ST, B ] PEF Ab3H 2%
AT DA R BRSPS [RDIACR, A R4 I R
R A P A A R e B AR R T =5
3 PEF AL SFER O

PEF 7E [mIKeAe 7= Sh i TOZERE R s P o i 32 22
H RO A a b BRET AN . 3 1~38 3 0T 500,
PEF JCieAbFRfafFpdtel, HAS PR AR AEfAoRD 25 2 f b
G, AHEL T A s S B Lo sp e 2= LA/
At B9 AL B ], PEF AZb BE SR 0 v HLBERE B 1I%; b.Ab
HR T/, PEF A A ZESL . AR e s -2k
FI i PR AT it O s 25y, LA FH R = A
CHARI A PR S G R E S AL SR B ) i R 5 R
PR T RE S A S B .
WK, T PEF AbHRAT A5, AN Fe 2L B a) 14 22 40 3,
RENSHE—RAIIE T, A 0 R G it — e

K2 VPRI BT P LA AR AL

Table 2 Active substances in wastes of animal origin and extraction parameters

SRR SRR PEFHE IS AL (i S 3k
B ANE AEARR Wi22.5 kV/em, Ik 9£0.25 us, 5516 Hz, kb6, okt L h2:1 [ 4 4760.63% [47]
B RIRIEZE(CS) %i116.88 kV/iem, Ik TE18 ps, $1#40~3000 Hz, kL9, BHEH1: 15 g/mL, NaOHUJE3.24%  [aliihE $96.92 g/L [48]
i 5 25 kV/em, JK7E2 ps, SF10~5000 Hz, kb8, Bikt12:1 B[R H84.2% [49]
ik IR 520 kV/em, k518 ps, S%40~3000 Hz, fkif4is, RHR L : 10, B & AR INEN 1% FCE 16,13 mg/mL  [50]

K3 BUEYPRIVEF Y P RIS PR 5L R RIS R
Table 3 Active substances in wastes of microbial origin and extraction parameters
AEYIRIR SRR PEF{ISHL FEHUSCR E BN

JRFMEERRE  EAR
ERLAlE A E
PRFFBIRE R, o- 17 ERER

5820 kV/em, Jik 2 ps, 4548271 Hz, kb8, EHR Hh40: 1
55#19.97 kV/em, k52 ps, 5i%61~3 kHz, ki4i6, Wi 40.4 mL/s, & H 3011 mL/g
Y520 kV/em, K915 ps, #2300 Hz, ik %14, 25 °C

FICR A2.79%£0.01%  [51]
TR A2.64% [52]
[a] i~ 1.0 mg/mL [53]
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PERT ANAETT 2 . T4 R ERIR O W, cif
FHPE)™, PEF £ ARXHEIE . shis ik E s n 4
RIHRREE FH, VBRI, (B EARFE RN, Pk
SRR PEF AMESEIER:, 3 1 vl PEF
Ak BN R SR | R 2 R — Se B K S R 2 AR )
Fepklas, HoAd a3 —Bh 2~3 kV/em, 1M 24
FH PEF AbRA0 B FIMR 74548 AT 14 kA, LA 3
AR T 15 kV/em (36 2), iX F I FEAb IR
[FIpEHEE, PEF (ARSI ZA R e M e A 7
3 Y YR

B FIRPE AL, A — S [n] R 24 T PEF £
WP R R T P AR )N FH . BTANFE PEF $2HX
B U A AR T AR R 2 B m R v ik e h e
(19~20 kV/cm), il HAREE 7T RS TE =158 PEF 1Y
e AR, T & A 28 R 2R AR, AT 5 i H M J5 A0 )
[EZA e 2N (T = NS P AWNE 2 O e s ¢ = ) i S| E 11
AR WGV PEF LEH2 OGS F h x4 (1 5k
JRANLEFI BRI . A T AT PEF L H T riE
2 M A I, AT XHZ A S T i — 2R B aT . 1k
&b, T8 = A8 19 PEF Tl {bi% 4%, 56T PEF [Hl
G HE I IFSE R 2238 FUS= FRAE S0 a5 A . WE R
ST YERE R A v R FL TR | RRGE MT AR Y i RO
FILk #2542 Do e R A B T PEF 3 ARAETG Y 5
[Nl B A T AR
4 REERE

A SCHISE PEF £RAVEFIPLIE . PEF HR7EH
WS [RIZE R T e v i P42 5 1 1oy FH 1 e A R 2%
BRI G RBRIEAT T 2538 . LA Eo-pr gk
AT A PEF HoAT AbFRCR ) | T HadE AT
RO A, BB A R B AN R IRA = S T b i
PEP TR [RDSCEE 5 [RDACReR, AR S ek A
AR A T B0 AR U O B TS 1 o SR G R
WA EY, PEF Sl IR HERAE A 2508 DA ML Rl
JH . PRSP RGO R SO IR BE R, B INAT Aak
N TSR . FERNEER | MBS E IS )
JEEAS, PEF (%) [EDROReRE: S 200 Tl A e Ee
Y bR . SR, PEF FoARTE TOlARI H FidA
— S SRR BT BRI SR . B S, AR R K
B A B AR B IANE], PEF ARS8 Ht v
PR DX (0], 7RG S e rh e 2y« JFOREE - Hs
YyJ5i-PEF AbFESH (0 AR SCHASRY, LU 52 BR 0N H
H PEF ZbHRS P, Hak, B W58 R 208
¥ PEF Xt HARY 5 [FICeR i 52, AR/ DA WF5E ¢
¥ PEF &b BEXT H AR 51 45 44 Fil: G i) 5 ), 8
PEF ZbFEXTER (10T . WA AW KT a5 M At g
FASE I R AR AT B sl b [mDAGs f b PEF ARBEXT H
PR AN Z N . A, BN PEF £ K2R H
JE— LS, B TR R 1Y PEF %645, A
PERETHASE . 2 LR O = i rL R . T OGN 3 A5
A2 TTAF R EO A B RT3 PEF Tolkfb2e &)

Vit S8, B, #E3) PEF SORAHSCHEERIDT I 5
BB AZ O ICEIT R B IELT, X PEF SR BRI
HEAEZE S
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