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1.1 BEERAREXREFEE

i R AR R = ELEIE M TR (Pascal) & A
#E $F5 (Le Chatelier’s) P/NIEAJREE, & &0 L
AN B 1 FT RSP AR R AR R T e A
TR, ARSI Z BHE SRR T,
HIEJieBRnt . WA &A 7 e 2 AR, H
RO SR AR . AT, Rk, R
AL TR RE S TR AIREEERT ., SRR R A, A
MNOAIR BT RN A, S5 SN ) 2 A K
A, RO K B A ek /N IR Bl O ) 7 AT, M
T2 EHT AT 5120
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Fig.1 Schematic of ultra-high pressure processing
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— AR BOL R ARG BL — R RHE
SEROE I R AR B AR AN K AL, S WV i i
I ORI I AR A R e A VA R Y e AR
B AE H il BRI 2541 TR A 100~1 000 MPa ) Hs
TIXTOVRL AT AL HE, RS E IR R RIS — BN TR, fR
JE 58 5 0RO R R R (<10s), Bl JE#EAT 50
Baifh, WA ERE B (B 2) PUU i AL
HEHEFEE RN, AENASNE B R GEED
JRIE B R (B 2a—2b), K 5 36 19 iU i
B s W A R e R BER IO (& 2¢), M
T SEBLEVEY BT A . B e I T R BRI A 2 4if
BEL 20 M IR 20 B 4 HOBACR , DT 48 5 7 771 0 20 g 4 41
HIS BRI AT TR I WA AR, Sl Pl A, (et am i
IR . R U AT LU AR 3 AN
B At Bt

—RIJHENB, EAmEE (0.1 MPa) JHEJLEJE
MEr, R TR P 6 P A0 AR A i W TR 0 2, R T PR
BB MR ERH A . X BB, AR e 2
Iy RS I A A, in R OB AR IR, iE
FRAS R, R G R IR AT A s dn R R HE
AR, AR IBOA AL o e BOHESh R, Isd VA RN SR
AHAANALLAPY, T RS R T 7R B2~ i e [a], A
A BRI A SRIBGE I, A R R R R .
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c. Extraction of pressurized material
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Fig.2 Schematic of ultra-high pressure extraction on active
substances
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Table 1 The parameters for ultra-high pressure extraction of various active substances

%)ﬁ%#é da /HEL v S S ﬁ%;/um.? SN s > VA
Classifj'lcation ofM E‘/H/TEHX%. SR Significant . B oAt .. 25 3R
substances aterial/ extractive Parameters and ranges influencing factors Optimum process condition Reference
FE41 (300~500 iﬂ}}%)é R i -
S (60%~80%), KHfiH o 415 MPa, ZJEHEE 72%, EHALL 1:40
Lo/ (1:30~1:50 gmL ™), R ), LR gmL !, {ZFENAE 10 min B37]
(8~12 min)
FKE (30%~50%, V&I E ARG T Lt £ 00 A, REUT S
s asee B=LD, RN Q~6min), K W, oy, oOKEA0% GEBILL), SREULS
BT 73002500 MPa), BHBEL (1:100~ R H 400 MPa, {%Eﬁlmg‘nn, EREE [38]
1:120 g'mL ™) 1:110 g'mL
T : s .
Flavonoids  #utti it gy, Ol BOMERY, BRI ), REEWIE A 157 MR, KREI 8%, B
# I (oo vy O IREML b, . LS gmL !, HRIGAH 3 K (39
S JE/ (300~500 MPa), ZEEiKE JE 1> WERE>HL ) 430 MPa, #M“ 75%, KR
REMEER(60%~80%), KM (1:9~1:15 gmL™") WL 112 gmL" (401
JE77 (300~500 MPa), ZEEKE
gy (0% ~70%), FHEL X LTEREE>EHREL K77 400 MPa, {RFERS ] 9 min, ZE#K 41
El;lswl;zs)g-mm, 1 RS ] > H FE 60%, RHAEEL 1:20 gmL! (41]
6~12 min
WS /48R R . TE S (200~600 MPa), IEFE (5~50 C), . .
UMER TERHE (1~5min), SRR - 25°C 600 MPa, 2.5 min (42]
(i) PR RIPUEAIEE: 500 MPa,
20 min, 0% 2.1
K/ S JE S (200~500 MPa),  ZUEEIRE 2 (i) M. S, PrEfbintE: 348 MPa.
B (0~70%), {RFEIF (1~20 min) KL 20 min. 35% 2B 2]
o (iii) 3¢ (MERFE A b %):
Phenolics ‘ LERRIE (0~100%), FHEEL (1:10~1:70 ‘ LEWESOGT:;/O 1 Ei;tt(iﬁozz;' "
L ESES %;L) ) HE (25~65°C), JEJ) (100~600 7M. B i 65 O F£ 77 600 MPa > [4]
BHREE (1:15~1:45 gmL™") E7) ’ 1
(250~350 MPa), KRR (60~80C), . sanrre BRBEE 1:33 @mL™, KV 34 min, JE
SHIZE k) (20j40rn71jfﬁl }gﬁx%%bﬂm@‘%, wte, kit FC 1301 MPa, 7@@&@71 & R g
fRE S 8] 10 min
BHELE (1:10~1:14 gmL ™, JEH " el g o
TR/ ZH (300~500 MPa), fRIEM] (5~7 min), Bty gy THEHCT12gmL t [KJ00y 420 MPa, f [43]
FRBUAFI K JE B A4 6.5 min,
JEA (100~500 MPa), ZFEEKIE (30%~ ok BE 200 - PR
PR ATV AR 70%), BHEEL (1:10~1:50 gmL ), fRIE ) LBERIE 50%. 5 J1 300 MPa fRIERSTE ) )
fE] (1~5 min) 2 min, BRAEEE 1:30 g'mL
EZ o e
Polysaccharides i o (iod ot AOOMER . RIS (1 e RG> (RIE R 121 gmL !, [E71 315 MPa, {RIE s
HRDIK g FH] 9.5 min
N . {R I 8] 42,75 min, $2BURE 51.61 C,
FE71 (200~400 MPa), ¥ (40~60 C), Ty [ S
IR RERT 0~60 min), KHEEL (1:10 gmL ", i | SO 31644 MPa, STARRBGHIE oy
BARELD, SREUEAIHK 14 U/mL, REEEHKE 150 UmL, AME
HRHEL), SEARET PG 3 U/mL, pH {59 5.0
£ (250~350 MPa), ZEEKE
s ag (0% ~70%), FHELL R RIRIE> (RIEIT ) 8. 27 min, Fi7) 204 MPa, ZBY o
: 51:100~1:2)00g-mL’1), {5 FE e i) {RFE 16 > FE ) W 62%, BHE 1:162 gmL ™! 1471
6~12 min
£/ (250~350 MPa), ZEEikIE
. St S 2 3 0750, |3 1501 TEFVIRES K >R $RBUE 7T 308 MPa. %Iuﬂﬂsmm 4
Saffins RIS giﬁ%,75f£})£fu¢%ﬁ(%~(ll(ilriin>l'25 HE A WK 65 % + FHIEE 1:20 gL 48]
JE77 (300~400 MPa), f#/EI[A] - NN o
e 1 g Pand AN PO ] J£71 360.30 MPa, {RIEI [E] 9.39 min, *}
PR it 3?2169{;40251%)(60”’ s B e Wt 1:30 gmL, ZBERTE 70.90% [49]
NB gy B (200400 MPa), ZERRIE (60%~  JRJI>IMRIE>FE k7] 314 MPa,  ZBEREE 71%, FHELE S0
Z=EH 9006y, RBRIE (1:15~1:45 gmL ™) WL 1:32 gmL (501
o o y JE T (50~150 MPa), + e iR R AR e 1 JE77 110 MPa, L 1:25 gmL™, i
HR/ER 7 n o A1, BRI, i
i g(ri(i %?O{% E]ﬁﬂ;i (*#ﬂﬂstrtm;g 10~1:30 R, AR R TP 6Omgmr§1L PRIEI ] 3.9 [51]
A s (1 /o FEF (100~500 MPa), ¥7 (4. 95% & i S .
: VA /289 [c] JE77 200 MPa, ZBERIE 95%, RHELL
Alkaloids EALASAR O M, R M(«Mﬁ (pH 9 2)), RHpitt - IO pe et . 52
AEVERAEIB " (110130 grmL 1)y (R (1~5 min) 1:30 gmL s R[] 2 min 521
FAE/ME R R PERE JE 7 (0.1~200 MPa). fEMRKEL (1~5) LR A FE/7 124 MPa, ZFRIKFE 10%, 53
AL WREE (0~10%) - TEFR UK 1 K (53]
w5 (250450 MPa), BRI FE Sy g 71 450 MPa, CLIE 60% [54]
(40%~60%)
BPRARIRE (0.25~125mol- L), JEJ -
. - ~ BT IRAARIRE 0.5 mol- L™, [EJJ 200 MPa,
St SRk ‘{:(\‘100 509 waa?' 17'?JIHIIFH (1~5 min), B LRIEHTE] 2 min, Hﬂﬁl:tl:ZO g-mLf1 [55]
Others BHRLE (1:10~1:30 g'mL™)
RARFM G HREOA i &7 5L o o
SGHHI O8%—1.6%), 5] (50~150 MPa), f  JE 4> R AR Iff;ﬁjﬁgmgg?gj’?i?%ﬁlgg’:' s
PE JERE G~7min), EHEH RO E R sgmlt 136]

(1:20~1:40 gmL™)

VE: -RIRAKIIE. Note: -not reported.
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22.1 ARIEA

WY& 2R PSR, AR SR EUE 7
FANFEL A SR, Rk, 8 R AT DU F AN A
TSR SEHREE . SIME R AR 1 2 107, RALF A%
Gk WS, 2By, SHRZ WS T, B
KL NSRS T, A — o 55 A B
LMY T, B R MZ AN T o AR P B
5 HWA AP RT3 5 AT CUR 2 5 1) 7 A
1E B A FAUAR P (R 750 AR B8, BRS39S B
N AP EFIE M. 0 WU SRV BER T 4 B [EG HLE
FIRE 3 2 By SR BRI 52, R B TR IR ) B R A e
LEER ., BEJG R EERUK, 25 8 BV 22 4 PR ik
B ORR, Ja k56 R kR R T 4 B AE N AR BUA A .
BASKARAN %58 DIk, 28 K IEIRAY (1:1) N,
I FH R v R SR B SRl SR iR, B TR B L B AR
By & B . LIS N IR ECH 7,
BARE. gmfld, SO, WrE bR s,
3 T A PR RS AL AR

W, 6 A R, R AR R K,
TR AR R A SR I, 0 L PAY 50 R A 30 3 7 22 ] £
W R, Dk, MEFIARARE e, K& A7
T T AR A A R E AR VR VE Ry, AN B s R
RO, v R AR BUH AR R AN Bl A S I IR R R
i 2 2 BARSE T ) 2 R AT AL s . 5% & AEAR
Eb, 750 2% 2R TR 456 P ¥ 50 T AR o v i P R A R M
RECY, DA I v TR AR AT DAk B ), R v R R
D TR T HE o

HAT, AHSCHE 70 3 B oevE 1w IR 3R BOW A [R5
MIFRECR M, A7 2 B i R R E R [RA ISR U
IS YE. AR R AR e M Sk T it —
I -
222 RIESH

FEHUE F7 52 52 W e R SR E E AR S — A
K. @%, EEDSMRIECRIER. K,
BENAEY AL M SR 2, 1208 2NE R A
FRZ2, 5 A [R0Ks 2 N7 20 B PN A 2 T R 51 P T 1 o
BbAk, R T DA AR AT, PRI I A
FE AN TH 5K /1%, LIMSANGOUAN 2518 75 1| F i v e
WP E T PR BT R RI, RN
125 MPa & & 250 MPa 1 500 MPa I}, 7] DL 3 #2 5
PEHU, {HAE 250 MPa 1 500 MPa 2 [8) V& f5 .35 % &,
E P R EUN Al 5 min K E 15 min, 4 B %
FRERECR . LIN 2 57t 7 g R R O ik o 4
JEE R A DA PR L B ATE YRS, 25 R,
E 400 MPa % fF 7, 2% Ji 18 A0 R () 4 B % i T
200 MPa 261, {HY4)E 1350 % 600 MPa B, $2EURE
HEERN, XN 400 MPa I 21 i 25 ¥ O 4% 58 4l
W, BROR CHREE k. R 1 RATLLER], e
JE 42 BUAG A T2 2% 1 & JI4E 300~450 MPa [ J& % .
B Ub AT s, R 3t m A T HRECGR T, HEH

He ARk S, R SOZAREAS [ EE B A S 7T
223 RIURE

T e i e R R U B R B ) R R R e R
OGN 2R 2 —. sl Al AT LA R iR O R, HAE
PR A YIRS, =il v] fe 2 5 280H bRPE I it BE
fif . 2595 S OV ) P v I G B R BRI ME RO o, A
20~60 C Ju A H I RL ETHE R, 24N 30 C
B L I R e K. B e R Bl 52 A 4 e R A R K]
L H S C #\EE 25 C R, WESES MM 4.32%.
3.27% $THE 7.48% 5.66%* . HEHUIR FE (10 5% 32 EHL
T BT T i A S e PR UR

e e R A A 52 Fo A 22 5 T DR ZR (s e, R T
AhEE, G ERIOR % (RERaR. g, ES0) .
FEHU A () 25 #1 FT 8 2 5 R v TR PR SR AR . (H T
T SR A B TR B, i DR A R SR B[R] (1) 5
Wi 5 S PR M, S e e P B Sl 1) 4 4% SRS T R B
V) A0 B2 s T ) (PR Ak s i), gl T LIS SR B T % £ s B
TF1) e} 7 S 22 A S i AT S IR N e, kA, SR
FAM A 5 AR Bl Bl v PR F2 G, AT DAasE— D3 Tl iy R 11
PEEURCER, WA Bl e PR PR B, v TR A B e R
PAREO. v R R AR AR B, M R AR
S O 5 2 BRI 7 2K

3 BEEAEMEYERIRPAINA

8 e R B IUEE ARAE g — P 78 AR A G [ A Uk
NS EYIN L, AEBERKMTSET RS REE .
HAl, ©O8u ZHNHTZ2MEHEmm (iR,
ZWE. ZRER. BER. AW MigR.

3.1 EEIREYRE

TR AL SR — R IREAR W =) Z A T
SRR ) PO, MRIE = IS5 1 L FEFE AN B 2R
BN B R AL DR ISR S o N R . B
BE, “AUEEAZE. CECEEAEESS. R 15 FO,
HAGPEMN. Pk, PisEsL &,

SEGEFIZERGEM L, A m R IR BT DL 4R
FHEEERA R IR . PR LS g o R 2R 6 A
JNE T AT A 75 81 e T B A v A E T O e R T 2 3R
B 17 400 MPa, fRIERFE] 9 min, ZBEEREE 60%, FHE
bt 1:20 g/mL, Aok FAEEEFRIRIE N 5.93 mg/g,
7 o T 8 2 B AR LA T A 0 Y 7R B9 A 75
BN RGE, A RRIE 2 MR 25.11%. 10.02%.
5w, fEmfilEm KRN T 244, Eakit
B V0 B R I A0 B N 1.46% $EE 3 T 13.26%17, %
HEHHFENEEM 1.37 mg/g 12TF5 7 1.97 mg/g Y,

WY UK B R ZE, @ LA HUAFRIG, f
BRI T AR BRI A5 B = R R U AR . WANG
D8 il R R VA R R R PR B % e i 254, i
THRLBBEAFAEEILR (1D, 1£&KE 40%
RFREL), $2REUE /7 400 MPa, #2EUS ] 4 min, ¥ [
Eel 110 mL/g B4R, ORI IE R 116.8 mg/g, =
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R E LG Rl E ) 3 S R ECE (110.4 mg/g) HHZE
AR, AHFEEES A 3 h KR 46 56 % 4 mine A7 L 250
DA 22 V& WA D Rk, SR EBGHE v R 4 B e o 4 B R 4
WM 2, AN 13 PR TS 7 R e T A B R iR
BRI, TERRAFAT, 2R R IR EIA 84.35%+
1.20%. FF 5B (69.7%) « HAEHZE (64.6%) .
FIFFEEL (71.5%) ZE4REUT 2% L, 25 53 B A i IR 4l
BRI AR I BALREFE S CO, HFGE S AIC. X280
RS BRI A, it i e B 2R o pe i 17—
g 725

g riE b, e R ECE R AT DLTE 58 7
()RR REFE T 3R 15 38 M I B AR R AL B PP R, 2 —F
fEf L PR, mR SRR
3.2 SZEMENEDIRE

Z KA B R AE YA A B LI I AR = 2
—, WEABPEM. Pidk. ME. FRIESED 2
BB T )2 T,

R R X 22 Wy T DA 3 R e PR R, SR A 4b
U b im v . LIN 2120 SR A 8 vy sl B 2 B A vl 57
WA IEPE RS, CLKCORE T, R R R ) 4
JRlZ (chlorogenic acid, CGA) A1l HE 5 (1) & & 53 5 N
3.20~5.75 mg/100 g 1 4.32~7.95 mg/100 g, &% mT1%
g0 AR A BTV (4 R 2.92 mg/100 g A1 3.54 mg/
100 g). #£ 25 C. 600 MPa. 2.5 min [T,
FE IR o 5 B B R a-3E K B 00 30 63 0 oA
27.8% H126.7%, Xf H HHIEFITE BRI R N 81.5%, &
F T AR 22% 10% F1 65.9%. MOREIRA
SECT IR AE S AR T 2251 T T e P B A A v A I
B IR EUR N 18.18%, Lt FEFREUYR (0.1 MPa) (1)
FEEUE (9.23%) 21 96.9%, i H- 5% RREIA L,
v B U ) S T R T R T 40%, kL R R
(ferric reducing antioxidant power, FRAP). 1,1- 2Kk~
2-= R A KM (1, 1-diphenyl-2-picrylhydrazyl, DPPH)
AT 2,2 B -RL-3- £, FE IR T WEMEIR-6- T 2 (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonicacid, ABTS) H H 3 R
X3 A7 PR TE T AR R T 29% 48% Fi
70%, 3B 1% 7772 0T AA R0 R 22 Wy 2 U 1Y) o i R
A S

7 e PR AR B2 T AN PT DABR R R, M b A AL
TR, AT DU R R B (A . WU P BRI T
Yo 2 Wy B LR e R SR T 2 44 N 47 301 MPa, )
Witk 1:33 g/mL. /K¥BHS ] 34 min. KIBHEE 71 C, %
%N Z R EUE Y 64.96 mg/g, x4 0.1 MPa
SR R BCR AP AA TS PSS, EE A SR Bk
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Research progress of ultra-high pressure on the extraction of
plant active substances

WANG Jing’*, QIAO Yongjin? , LIU Hongru® , WANG Xiao? , YE Zhangying' , LIN Simin® , WANG Chunfang®*

(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China; 2. Research Institute of Crop
Breeding and Cultivation, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China;
3. Proya Cosmetics Co., Ltd., Hangzhou 310023, China)

Abstract: There are various sources of plant-active substances with biological activities, such as antioxidant, antibacterial,
immunomodulatory, and anti-inflammatory. It is very necessary to rapidly, efficiently, and environmentally friendly extract
these active substances in the food, medicine, and cosmetics industries. Among them, ultra-high pressure (UHP) with high
hydrostatic pressure (HHP) has been widely applied in food non-thermal processing and extraction in recent years. The UHP
can be expected to extract the plant active substances for the higher extraction yield and lower extraction time, compared with
the traditional solid-liquid extraction. This review aims to introduce the development of UHP in food processing, in order to
extract the flavonoids, polyphenols, polysaccharides, and saponins. The principles, processes, and applications were also
covered to extract the various active substances, such as flavonoids, polyphenols, polysaccharides, and saponins. The assisted
UHP extraction included the three stages: pressure boost, holding, and relief stage, which determined the extraction
performance of UHP. Since the UHP tended to destroy the raw tissues, cell walls, cell membranes, and organelles, the solvents
were penetrated into tissue cells to dissolve the soluble components for the high mass transfer and the release rate of cell
contents. UHP processing included raw material pretreatment, sample treatment, UHP extraction, separation, and purification.
The efficiency of UHP extraction depended on the operating conditions. The solvent, pressure level, and extraction temperature
were the three most important parameters of the performance of UHP extraction. Furthermore, the UHP extraction was still an
effective way to extract polysaccharides, although there were some effects on the structure and biological activity of
polysaccharides. Compared with the traditional heat reflux extraction, the UHP extraction was carried out at room temperature
or lower temperature, in order to reduce the impact of heat. The simple, rapid, and efficient UHP extraction effectively
shortened the extraction time to improve the biological activity for energy saving. A huge market prospect and development
potential were found in the UHP-assisted extraction. Previous studies were focused mainly on the extraction optimization and
mechanism. Only a relatively few studies explored the performance of antioxidant, antibacterial, and biological activities in the
active substances after UHP extraction. And even fewer studies were focused on in vivo antioxidant activities. Many challenges
also remained in the UHP application to extract the active substances, such as the imperfect theoretical basis of UHP extraction
and high equipment cost. It is necessary to explore the synergistic extraction of UHP combined with other extraction methods.
The safer, larger volume and lower cost of UHP equipment can be developed to explore the influence of UHP extraction on the
biological activity and antioxidant effect of active substances, particularly the mechanisms behind them. The finding can be
expected to promote the wide application and sustainable development of UHP extraction in various fields.

Keywords: ultra-high pressure; active substances; extraction principle; extraction procedure; application
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